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This book is the result of a large effort by 
many American scientists and some of their 
overseas colleagues. Participation of 
academics from Latin America is 
particularly important as it throws new light 
on the deep-sea communities occurring off 
their countries’ coasts or, in some cases, in 
much larger areas within the geographic 
limits of the Americas. In this context, we 
wish to dedicate this book to two of our 
colleagues who actively participated in the 
early edition of this book but passed away 
while this process was taking place.

Our Chilean colleague, Marco Antonio 
Retamal, was certainly a founding architect 
for the investigation in marine biology in 
Chile. Local expert in crustaceans, Marco 



Antonio was involved in a wide series of 
projects in his homeland, successfully 
forming and advising many students and 
young scientists during his career. 

Jorge López, from El Salvador, shared his 
interest between the fishery activities in 
Central America and a genuine, strong 
desire of studying the deep-water fauna in 
the region. An expert in fisheries and 
conservation issues, he often participated in 
regional meetings and local advisory panels. 

Marco Antonio and Jorge were not only 
distinguished academics with a profound 
interest in the biology and ecology of 
crustaceans and deep-water communities in 
Latin America, they were also dear friends to 
many of us. Their contribution to this book 
will remain forever a contribution to our 
knowledge of the deep-sea fauna of the 
Americas. Both true gentlemen, they will be 
remembered with respect, affection, and 
admiration.
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Preface

Biogeography is a synthesis science integrating all the knowledge from geography, 
climatology, paleontology, zoology, and phylogenetic. The first step to obtaining all 
this knowledge is a good sampling. Taxonomy is also essential to compare species 
between geographies. Nowadays, the knowledge acquired from diverse sources is 
collected in computer databases, and the largest ones in zoology and marine ecol-
ogy are OBIS and WoRMS. However, before it can be integrated inside these data-
bases, regional revisions are necessary to clarify the data.

During the last decades, knowledge about the Arthropoda from the deep sea, 
especially Pycnogonida and Crustacea, increased considerably. The increase in 
marine deep-sea cruises with a mixture of boats, manned submersibles, or even 
ROVs brought several new species to light and more information about the way of 
life of these animals. Surprisingly, some areas on the planet remained very poorly 
known. It is the case for the coast of the Americas, more precisely South America, 
where a large gradient of latitudes offers a great diversity of ecosystems.

The present volume is a very successful attempt to fill the gap in the knowledge 
on America’s crustacea. Crustaceans are present in all ecosystems and at any depths, 
from the pelagic to the benthic zones, and play a critical role in the food web. There 
are scavengers such as amphipods or isopods, plankton eaters like copepods, sus-
pension feeders like cirripeds, and even carnivores such as lobsters or hermit crabs. 
At any given place in the oceans, these species they are essential to the functions of 
the ecosystems.

The American continent, which extends from the Arctic to the Antarctic waters, 
separates the fauna between the Atlantic Ocean and the Pacific Ocean. Very few 
benthic species, if any, can be found on both sides of the Americas. Furthermore, it 
is still unclear why the west American coast fauna is so different from the Indo- 
Pacific one. The closing of the Isthmus of Panama, only 2.8 million years ago, 
explains partially this point as well as the long distances and strong currents separat-
ing the East from the West Pacific Ocean. Surprisingly, only 120 deep-sea species 
of decapods are known from the pacific coast of the Americas considering that we 
find more than ten times this number in the Western Pacific. Perhaps, the hypoxic 
conditions found along a large part of America’s coastlines, with the oxygen 
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 minimum zone found within a large bathymetric range, could well be responsible 
for this poor fauna diversity.

Besides the scientific value, this kind of “regional” cataloguing of crustacea is 
important for the history of marine biology, drawing up a list of oceanographic ves-
sels and expeditions undertaken along the American coasts. It is also an opportunity 
to acknowledge the dedicated work of community experts such as taxonomists or 
ecologists.

Some articles are very original and precious considering that they describe very 
light and fragile animals difficult to discover. They were collected in the deep sea, 
near the bottom or inside of the upper layer of the sediments, which required the use 
of sledge-dredges with micrometric meshes or box-corer.

The catalogue of Pycnogonida from the Uruguayan continental slope has been 
enriched with several new deep-sea species. The groups of peracarid crustacea are 
insufficiently sampled anywhere in the world. It is well known that the harpacticoid 
copepods are very rich in species, present in all the benthic habitats and sometimes 
forming huge biomass. However, surprisingly, the review of the species from the 
Americas is only comprised of 22 families and 169 species. For the larger peraca-
rids animals, the knowledge is a little bit better: 27 families and 118 species of 
amphipods for western Mexico only.

The biology of the pelagic species living in the largest ecosystems of the world 
is still poorly known. Therefore, the observations about the reproduction and bathy-
metric repartition of Nematocarcinu species in the Gulf of California are very use-
ful. This group is present in all the oceans, characterized by their very long legs. For 
the first time, the sex ratio has also been evaluated.

A large sampling in the Gulf of Mexico by numerous oceanographic cruises 
brings good data on the 4 families and 14 species of Penaeoid shrimps. On the other 
side of South America, different cruises have collected 78 species of pelagic 
shrimps, Dendrobranchiata and Pleocyemata, between Peru and Tierra del Fuego. A 
large part of these is associated with the Nazca and Salas y Gomez Ridge sea-
mounts. The lobsters are also included with the Nephropidae and Polychelidae of 
the Gulf of Mexico. The very large group of Galathoidea, one of the best-studied 
group of crustaceans in the world, has been studied on the Brazilian coast with the 
help of molecular tools.

Fisheries in the deep sea are problematic. Generally, the growth rate of the tar-
geted species is unknown as well as the generations turnover. In the case of crusta-
cea, there is another difficulty: the halieutic models are validated for fish, with linear 
growth, and not for crustacea with several moults. Studies on Lithodids from the 
Peruvian coast are bringing new useful data on species of Parolomis and Lithodes. 
In several places, the deep-sea populations of crustacea are already being 
overexploited.

Other chapters bring interesting comments on decapod fisheries concerning 79 
species in Uruguay and 181 species along the Brazilian coast, mainly on shrimps 
and geryonid crabs. For each species, an updated synonymy is given. The sampling 
of deep-sea crustacea along the Chilean coast is showing a change in the diversity 
between the warm waters in the north and sub-Antarctic waters south of Chiloé 
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Island brought by the Humbolt Current. The pacific coast of Central America was 
also sampled from Guatemala to Panama.

Conservation strategies are proposed to keep an equilibrium between healthy 
ecosystems and sustainable fisheries in the deep sea. In these environments, the 
biological conditions are different from the shallow-water fisheries, and the stocks 
are easily overexploited because the species have extreme longevity, slow growth 
rates, late maturity, and low fecundity.

This volume highlights the ambitious exploration sampling programs in the deep 
sea to increase our knowledge of the fauna from North, Central, and South America. 
This knowledge could help to protect the deep-sea environment essential for the 
sustainability of our planet.

MNHN-Nouméa Bertrand Richer de Forges 
Paris, France
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Prologue

Although investigation in the Latin America part of the Americas’ deep waters has 
significantly increased in the last decades, there is still a profound gap between what 
we know about this environment in most of the northern hemisphere and in the 
southern hemisphere. Exploratory cruises financed by local governments are few, 
and occasional bilateral projects, although often well financed and organized, have 
not been sufficient to significantly increase the rate at which deep-water communi-
ties are sampled and studied. On the other hand, the number of scientists who have 
found opportunities to get involved in this kind of research is extremely reduced due 
to a certain lack of priority for this category of science. Globally, the number of 
large, modern sea-going vessels available for research is also very reduced in sev-
eral countries in the region. Operational costs are extremely high and, in some cases, 
finding resources to support offshore surveys is near to impossible. Some research 
vessels are quite old and should ideally be replaced by more efficient vessels, but, 
again, there are often other priorities and critical investments that are needed and 
focused on more urgent situations. Equipment is another issue, and prices of mod-
ern sampling gear and recording equipment are most of the time too high for local 
budgets. In some countries, a strong interest has arisen for deep-water fishing and 
some of our colleagues have had the opportunity of taking advantage of this sam-
pling effort to gather valuable information on deep-water communities that were 
previously mostly unknown. This, of course, raises the question of deciding whether 
the deep-water fishing industry should be given a “carte blanche” or be supervised 
in order to limit its impact on the poorly known, slow-growing species that might 
prove to be commercially exploitable on the short term but might be profoundly 
affected on the long term. Remote equipment have been intensively deployed in 
regions where institutions or government agencies can afford the acquisition of 
these expensive equipment and support their offshore operation. Long-term video 
recording from deep-water observatories is certainly a friendly way to study the 
local fauna, provided we do have a fair knowledge of what species inhabit the area. 
These low-impact techniques will certainly proliferate in the near future, but ele-
vated cost to build and maintain these infrastructures obviously represent a huge 
limitation for many countries. One of the purposes of this book is to call the  attention 
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to the extraordinary richness of the deep-sea fauna in our region. Simultaneously, it 
is a warning that what we know about this fauna, its distribution, its basic biology, 
and its ecology is far from being sufficient in order to understand and manage all the 
factors that are already impacting negatively on these communities. In fact, they 
could very well vanish before we are able to study all its components and their inter-
action. The challenge is enormous and tantalizing. To be successful, it will take a 
gigantic effort, a great deal of investment, and, above all, comprehensive multina-
tional collaboration programs aimed at sharing our present experience and our 
future goals.

Prologue
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Chapter 1
The Deep-Water Crustacean 
and Pycnogonid Fauna of the Americas 
in a Global Context

K. E. Schnabel, S. T. Ahyong, A. J. Gomez, M. E. Hendrickx, R. A. Peart, 
and J. N. J. Weston

Abstract Uniting arthropods and the deep sea as a research focus allows us to 
combine the largest habitat on Earth with the most abundant and successful animal 
group on our planet. To set the stage for this volume, we briefly introduce the deep- 
sea environment, the history of its exploration and gaps in our knowledge in terms 
of global distributions of biodiversity, before we discuss the current understanding 
of the Crustacea and Pycnogonida within the phylum Arthropoda. The ecological 
context in the deep sea of the Americas is addressed and briefly outlined, including 
the geological history, biogeographic boundaries, and the effect of a large oxygen 
minimum zone in the region. Deep-water (>200 m) areas of the Americas represent 
roughly 72% of the national  exclusive economic zones (EEZ) in the west 
Atlantic Ocean and 86% in the east Pacific Ocean. As in other regions of the world, 
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our knowledge of the diversity and ecology of deep-water arthropod communities 
of the Americas is still very limited. Comprehensive research programs aimed at 
exploring the vast offshore areas off the Americas must increase rapidly to study the 
deep-water fauna before it is substantially, and possibly, irreversibly impacted by 
human activities and global climate change.

Keywords Pancrustacea · Multicrustacea · Astrobiology · Biogeography · Oxygen 
minimum zone · Atlantic ocean · Pacific ocean · Caribbean sea · Pelagic · Benthic · 
Bathyal · Abyssal · Exclusive economic zone

1.1  Introduction

1.1.1  Our Watery World and the Beginnings of Life

Look out across the ocean on a calm day, from the shore or from the deck of a ship. The 
vista is daunting in its scale yet innocuous in its features. But beneath this tranquil skin lies 
a teeming horde of organisms, from the tiniest of viruses to the mightiest whales, all of 
which are continually influenced by the physical features of the seawater within which they 
move—and by which they are moved. (Herring 2002)

Pycnogonids and crustaceans play important biological roles in all the Earth’s 
oceans, and in many habitats they dominate in numbers and/or biomass. Considering 
the deep sea, however, large gaps in our knowledge remain, and before a range of 
chapters present diversity, distribution, and significance of crustaceans in the 
American regions, let us expand our focus: How much do we know about our ocean? 
Do we still “know less about the bottom of our ocean than of the surface of the 
Moon”? What do we consider the deep sea to be and how diverse is this environ-
ment? And of course, the complexity of the question: What is an arthropod, and 
what place do crustaceans and pycnogonids hold within it?

The deep sea, with its unique chemical properties, remains a hot contender for 
the origin of all life on Earth around 4 billion years ago (Dodd et al. 2017). Most 
recently, Jordan et al. (2019) added to evidence that the complex organic compounds 
necessary for basic cell formation can be formed around deep-sea hydrothermal 
vents. This prompted the headline news “Life on Earth probably originated in deep- 
sea vents and aliens could be growing the same way now, scientists suggest” 
(Cockburn 2019). Could complex life have similarly evolved in oceans of other 
solar system bodies?

The Earth may not be the only world in our solar system to contain deep oceans. 
Many of its celestial bodies show the presence of water either as traces of vapor in 
their atmospheres or as ice on the surface. The Moon itself has strong indications of 
ice at its South Polar regions, making it a site considered for a permanently occu-
pied base. Despite a long distance from the Sun in the coldness of space, deep, salty 
liquid oceans are suspected to exist beneath the icy surface of three of the Galilean 

K. E. Schnabel et al.
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moons of Jupiter, Europa, Ganymede, and Callisto, and similarly on Enceladus, a 
moon of Saturn (Paganini et al. 2020; Schmidt 2020; Cable et al. 2020). Tidal flex-
ing from the gravitational pull of the nearby planet generates sufficient internal heat, 
and presumably hydrothermal vents, on these moons to form liquid oceans tens of 
kilometers deep below an icy surface, itself several kilometers thick. Despite their 
relatively small size in comparison to the Earth, there are strong suggestions that 
there is significantly more water in liquid oceans of some of these worlds than exists 
on Earth. Naturally, the question that comes to mind is: Are these ocean worlds 
hospitable for life to exist?

Proposed astrobiology programs are set to explore the conditions in and under 
the ice with melt probe missions and deployment of ocean gliders, using the Arctic 
and Antarctic sea ice as analogs (Schmidt 2020). Thus, before extrapolation to any 
extraterrestrial conditions can be made, it is first critical to have a sound knowledge 
of our own watery worlds. As such, the contributions to our understanding of ice- 
ocean interactions on Earth and the life it can support, provided by the initiatives of 
the planetary analog research, are significant. Together, they represent progress 
toward a better understanding of our own oceans under the ice here on Earth while 
pushing the boundaries of how data from other ocean worlds can be interpreted.

1.2  The Deep Sea

1.2.1  How Little Do We Know of Earth’s Deep Ocean?

In 1818, British explorer John Ross reported that he had collected a basket star from 
a depth of 1600 m during his search of the Northwest Passage – the first true deep- 
sea faunal record. Despite 200 years of subsequent intensive deep-sea research, a 
common quote persists: “95 % of the ocean remains unexplored and we know more 
about the surface of the Moon than the ocean floor.” Does this statement still hold in 
the twenty-first century?

The exploration of both the deep sea and space is relatively new, but true deep- 
sea discoveries predate the Russian and US space programs by nearly 140 years 
with the first satellite Sputnik 1 launched into Earth’s orbit by the Soviet Union only 
in 1957. Also, the surface of the Moon is about one-tenth of the area covered by 
ocean on Earth, i.e., 38 compared to 362 million km2 (Gregersen 2010; Charette and 
Smith 2010), and the combined total of physical samples available from the Moon 
are about 380 kg (Zeigler et al. 2019), compared to the swathes of deep-sea geologi-
cal samples and biological specimens collected over the last two centuries. Twelve 
men have walked on the Moon, and, as of July 2020, thirteen people have visited the 
deepest point on Earth, the Challenger Deep of the Mariana Trench (Lobner 2020). 
Notably, the dive of the Bathyscaphe Trieste took Jacques Piccard and US Navy 
Lieutenant Don Walsh to a depth of around 10,900 m in 1960, just one year before 
Soviet Air Force Pilot Yuri Gagarin was the first person in space in 1961.

1 The Deep-Water Crustacean and Pycnogonid Fauna of the Americas in a Global…



4

Yet, the deep sea is more than the deepest point on Earth. Every year, hundreds 
of manned submersible dives are conducted into the deep sea, taking scientists to 
bathyal and abyssal depths to study underwater features and faunal communities. In 
fact, several manned submersibles are rated to dive more than 1000 m, including the 
6500 m rated American DSV Alvin and Japanese DSV Shinkai 6500 and the 7000 m 
rated Chinese DSV Jiaolong (Kelley et al. 2016). At even greater depths, the ability 
to research at hadal depths has substantially increased in 2018 and 2019 with the 
Five Deeps Expedition, which completed 39 dives with the submersible DSV 
Limiting Factor to the deepest point in every ocean (Jamieson 2020). In addition to 
manned submersibles, many research expeditions every year deploy a variety of 
sampling equipment and sensors, such as CTDs, sediment traps, baited landers, 
epibenthic sleds, and remotely operating and autonomous vehicles. They survey, 
image, and collect specimens in order to study the deep sea. There are also long- 
term research stations, like the Monterey Bay Aquarium Research Institute’s 
“Station M” which has been sampling the abyssal zone since 1989 (Smith et  al. 
2017). Arguably, there is a greater continued presence of scientists in the deep sea 
than in space, and the International Space Station (ISS) has been continuously occu-
pied only since November 2000, with a total of 240 individuals from 19 countries 
who have visited the ISS since then (Garcia 2020).

The metrics that are applied to compare what we know of the bottom of the 
ocean and the surface of the Moon, however, are those of remote sensing and map-
ping. Detailed maps of the surfaces of the Moon, Mars, and Venus so far exceed the 
resolution available for our ocean floor. A near-global map of the lunar surface was 
compiled in 2011 by the NASA’s Lunar Reconnaissance Orbiter (LRO) to a scale of 
100 m, which included the second ever image of the far side of the Moon. In con-
trast, the entire ocean floor has now been mapped to a maximum resolution of 
around 5 km (Sandwell et  al. 2014), which allows for the identification of large 
features such as underwater mountains, ridges, or trenches. However, less than 18% 
of the seafloor has actually been measured directly (Mayer et  al. 2018). While 
indeed the surface of our nearest celestial neighbors is better mapped than the deep 
ocean, this might change in the near future.

With an ambitious target, the Nippon Foundation-GEBCO Seabed 2030 Project 
is a focused global initiative for mapping the entire ocean floor to a resolution of 
about 140 m (at 4000 m depth), similar to those provided by the LRO, by the year 
2030 (Mayer et  al. 2018). Of course, accurate bathymetry maps are crucial for 
understanding the geomorphology that impacts many seafloor processes and habitat 
heterogeneity and, in turn, their biological communities (Stewart and Jamieson 
2018). However, in situ images and specimens are what many scientists are inter-
ested in, but considering the global scale and the cost and effort to sample the deep 
sea (Clark et al. 2016), the distribution of deep-sea biological specimens remains 
very scarce globally. This is exemplified using the Ocean Biogeographic Information 
System (OBIS) database, the world’s largest repository of marine biological data. 
The distribution of over 4.4 million sample records from depths ≥200 m (per degree 
latitude and longitude) across the surface of all oceans is shown (Fig. 1.1). It is 
immediately evident that some areas (e.g., parts of continental Americas, Europe, 
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and Asia) are relatively densely sampled, but the majority, particularly of the oce-
anic areas, have not been sampled at all.

The same pattern emerges when one examines the global distribution of samples 
with depth. Webb et al. (2010) revealed “biodiversity’s big wet secret,” using OBIS 
records to clearly show that the number of biological records sharply declined from 
a depth of >200 m and then again between 5000 and 6000 m (Fig. 1.2). More than 
50% of all OBIS records are from the continental shelf, which constitutes <10% of 
the ocean surface. The global distribution of records through the water column fur-
ther highlights the paucity of records from the deep pelagic ocean. Thus, we can put 
to rest the oversimplistic and nonsensical comparison between our presumed knowl-
edge of the deep ocean and the Moon. Over the past century, much work, time, and 
innovation have allowed us to reach deeper toward a fuller understanding of the 
deep ocean. Yet, there is much work in the next century to be done.

1.2.2  The Deep-Sea Environment

“Ninety per cent of the two-thirds of the surface of the Earth covered by the sea lies 
beneath the shallow margins of the continents; and most lies under 2 km or more of 
water. We may, therefore, with some justification, speak of the deep-sea bottom as 
constituting the most typical environment, and its inhabitants as the typical life-
forms of the solid face of our planet. Yet, because of the remoteness of this habitat 
and the difficulties in observing and sampling these organisms, they are known to 
only few scientists; and as living rather than pickled specimens, to less than a 

Fig. 1.1 OBIS records for all Animalia, depth ≥200 m, 4,440,609 records, 1° grid colored by 
counts of records from 0 (white) to 1055 (dark blue). Projection: Equal Earth (sphere) Americas, 
ArcGIS Pro 2.4.2. (The Esri Third-Party Software Acknowledgments are available online at https://
links.esri.com/open-source-acknowledgments.) (Extracted 28 November 2019)
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handful. Yet the possibility of life existing at these great depths, and a curiosity 
about the nature of these life forms in what appears to be one of the most ‘difficult’ 
of environments has fascinated Man since the early days of oceanic exploration” 
Gage and Tyler (1991: xi).

This Preface of what has become a standard textbook on deep-sea biology still 
rings true. The sheer scale of the three-dimensional space, that is, the open ocean, 
remains as daunting today as it was three decades ago. The average depth of the 
ocean is around 3700 m and covers an estimated area of 362 million km2 (Charette 

Fig. 1.2 Global distribution within the water column of recorded marine biodiversity. The hori-
zontal axis splits the oceans into five zones on the basis of depth, with the width of each zone on 
this axis proportional to its global surface area. The vertical axis is ocean depth, on a linear scale. 
This means that area on the graph is proportional to volume of ocean. The number of records in 
each cell is standardized to the volume of water represented by that cell and then log10-transformed. 
The inset shows in greater detail the continental shelf and slope, where the majority of records are 
found. (Reproduced from Webb et al. (2010), https://doi.org/10.1371/journal.pone.0010223.g002)

K. E. Schnabel et al.

https://doi.org/10.1371/journal.pone.0010223.g002


7

and Smith 2010), holding nearly all the space that can be inhabited by life on Earth. 
The deep sea as defined herein is considered as the area deeper than the continental 
shelf (on average to 200 m depth), reaching to nearly 11,000 m at the Challenger 
Deep, Mariana Trench, Pacific Ocean. This includes the world’s largest mountain 
range (the Mid-Atlantic Ridge) and the deepest canyons. Within the deep sea, there 
are three zones: the bathyal extending down the continental slope from 200 to 3000 
m; the abyssal, from 3000 to 6000 m, covering 54% of the Earth’s surface with a 
vast network of abyssal plains that are punctuated by ocean ridges and trenches 
(Smith et al. 2008); and the hadal, from 6000 to 11,000 m, accounting for the deep-
est 45% of the ocean and consisting of subduction trenches, fracture zone, troughs, 
and depressions (Jamieson et al. 2009).

The world’s five oceans are connected by powerful global currents. Paradoxically, 
however, instead of being a single, uniform system, the ocean is complex and het-
erogeneous. There are myriad communities with changing interactions and relation-
ships, and many of the species that inhabit these communities are adapted to the 
extreme environmental conditions of increasing hydrostatic pressure with depth, no 
light, low temperature, and limited food inputs (Perrone et al. 2003; Downing et al. 
2018). Some deep-sea communities are highly specialized, such as the hydrother-
mal vent assemblages. These hydrothermally active habitats have only been recently 
discovered, the first in 1977 around the Galapagos Rift (Lonsdale 1977). Other dis-
tinct deep-sea communities, including prominent crustaceans, inhabit only the 
extreme depths of the hadal subduction trenches (Beliaev 1989; Jamieson 2015). In 
contrast, some species inhabit all oceans, with cosmopolitan species among pelagic 
crustaceans not uncommon (see review by Halsband et al. 2020). Increasingly pow-
erful genetic tools, however, have revealed that many supposedly widespread spe-
cies are mosaics of several cryptic or pseudocryptic species, in both pelagic (e.g., 
Andrews et  al. 2014; Cornils and Held 2014; Cornils et  al. 2017) and benthic 
shallow- water and deep-sea crustaceans (e.g.,  Garlitska et  al. 2012; Havermans 
et al. 2013). In most cases, though, some general boundaries around regional assem-
blages can be drawn based on submarine topography, stable environmental charac-
teristics, and geotectonic history. For example, Longhurst (2007), refined by 
Reygondeau and Dunn (2019), proposed nested global biogeographic partitions for 
pelagic ecosystems. Spalding et al. (2007), with Marine Ecoregions of the World 
(MEOW), did the same for the world’s coastal and shelf areas (depths <200 m), and 
Watling et al. (2013) refined the UNESCO’s (2009) Global Open Oceans and Deep 
Seabed (GOODS) classification with a delineation of bathyal, abyssal, and hadal 
provinces. While these marine biogeographic boundaries are rarely strict, the clas-
sifications in all cases are proposed to be of use as management tools and for analy-
ses (such as predictive modelling) or to guide establishment of marine protected 
areas and minimize the negative impact of commercial activities in marine environ-
ments. The delineations of these global classifications were substantially guided by 
knowledge of deep-sea fauna distributions, so a common limitation is that of the 
fauna itself, which continues to bring surprises.
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1.2.3  The Deep Sea of the Americas

1.2.3.1  The Ecological Context

The Americas stretch in a continuous landmass from the Arctic Ocean in the north 
to the Antarctic Ocean in the south and covers nearly 30% of the Earth’s land area. 
The  continent  delimits the Atlantic  Ocean from the Pacific Ocean and entirely 
encompasses the Caribbean Sea. To the north, narrow and shallow passages between 
Alaska and Russia (~80 km distance) and Canadian Ellesmere Island and Greenland 
(16  km distance) limit the present movement of water between deep oceans 
(Fig. 1.3). Instead, the only connection of deep oceanic waters remains the rela-
tively small gap of the Drake Passage, between the southern tip of South America 
(56°S) and the northern tip of Palmer Peninsula in west Antarctica (62°S, Fig. 1.4). 
Here, waters join the Antarctic Circumpolar Current that fuels the thermohaline 
circulation or the global conveyor belt (Iudicone et  al. 2008). “Engines” of this 
global circulation, where warm surface water sinks downward to join the cold bot-
tom waters, are located near the Americas in the northern Atlantic Ocean (Labrador 
Sea) and on either side of South America (Ross Sea and Weddell Sea; Kuhlbrodt 
et al. 2007).

In geological history, the continental movements changed underwater topogra-
phy and exchange of water and associated fauna, with biological signals of these 
events still detectable in regional faunas (e.g., Feldmann and Schweitzer 2006). The 
breakup of Gondwana and Laurasia about 200 million years ago (mya) resulted in 
the formation of the separate Pacific, Indian, and Atlantic oceans which was com-
pleted during the Eocene Epoch (~50 mya). The formerly widespread Tethyan fauna 
began to regionally differentiate, facilitating lineage divergence. The eastern Pacific 
Ocean fauna remained connected to that of the Atlantic until relatively recently, 
being separated by the formation of the Isthmus of Panama during the Pliocene; 
strong evidence indicates a progressive shoaling and that a deep-water connection 
was shut off around 10 mya (Bacon et al. 2015; O’Dea et al. 2016). The linking of 
North and South America by the Isthmus of Panama had major impacts on global 
climate, oceanic and atmospheric currents, and biodiversity, yet the timing of this 
critical event remains contentious. In 1914, a new connection between the Pacific 
Ocean and the Caribbean Sea had been established by the Panama Canal with a 
number of channels and locks transiting through the freshwater Gatun Lake. 
Surprisingly little is known about the effect of the Panama Canal on the distribution 
of marine biota, but crustaceans appear to be some of the most successful hitchhik-
ers that have been transported in both hull-fouling and ballast waters (Cohen 2006; 
Ros et al. 2014). The discussions typically consider shallow-water species, but it is 
probable that some vertically migrating planktonic stages of deep-water taxa are 
transported in ballast waters and survive the interoceanic transit, particularly in light 
of a significant expansion of the capacity of the Panama Canal (Brierley 2014; 
Muirhead et al. 2015).
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The modern distributions of marine organisms around the Americas generally 
follow global latitudinal clines. The range boundaries of crustaceans and other 
marine invertebrates generally coincide with transitions between oceanic domains 
with distinct biogeochemical properties and planktonic and benthic communities 
(Watling et al. 2013; Reygondeau and Dunn 2019). In general, little is known about 
distribution pattern of deep-water pycnogonids of the Americas. Some species of 
Colossendeis feature a cosmopolitan or very wide distribution (Staples 2007; 
Hendrickx this volume). American species of Pycnogonida have been sparsely 

Fig. 1.3 Geophysical and bathymetric map of North America and surrounding shelf and seas, 
showing the 200m bathymetric contour line (dark lines) and the national exclusive economic zones 
(white lines). The Gulf of Mexico is abbreviated (GOM). Projection: North America Lambert 
Conformal Conic. Credit: Esri, Garmin, GEBCO (General Bathymetric Chart of the Oceans), 
NOAA (National Oceanic and Atmospheric Administration) National Geophysical Data Center, 
and other contributors
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Fig. 1.4 Geophysical and bathymetric map of South America and surrounding shelf and seas 
showing the 200  m bathymetric contour line (dark lines) and the national exclusive economic 
zones (white lines). Projection: South America Lambert Conformal Conic. Credit: Esri, Garmin, 
GEBCO (General Bathymetric Chart of the Oceans), NOAA (National Oceanic and Atmospheric 
Administration) National Geophysical Data Center, and other contributors
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studied, and this volume contributes to their general knowledge (Soler et al. this 
volume).

In the western Atlantic Ocean, the biogeographic boundaries for marine species 
are often related to convergence regions of currents, where the cold Labrador 
Current meets the Gulf Stream in the north or the Falkland Current meets the Brazil 
Current in the south. These regions often show marked changes in regional species 
assemblages in both shallow and deep water (e.g., see Boschi (2000) for shallow- 
water crabs and Schnabel et  al. (2011) for deep-water squat lobsters). While the 
Caribbean and the Gulf of Mexico communities appear to be distinct and diverse 
based on continental shelf species (Boschi 2000; Briggs 2003), these distinctions 
are less pronounced at pelagic bathyal and abyssal depths (Watling et  al. 2013; 
Sutton et al. 2017). As a result, no single pattern is evident.

The separation between biogeographical provinces in the eastern Pacific Ocean 
is similarly related to major oceanographic processes. This includes areas of upwell-
ing off Peru, Chile, and California and the presence of an extensive oxygen mini-
mum zone that creates a large median wedge between a generally northern and 
southern fauna (see below). These biogeographic regions have been reported for 
shallow-water decapods (Wicksten 1989), bathyal squat lobsters (Macpherson et al. 
2010), and mesopelagic plankton (Sutton et al. 2017). In all cases, however, studies 
point to extensive caveats, sampling gaps, and general patchy knowledge that often 
confound and preclude extrapolations to large regional and global scales.

1.2.3.2  The Oxygen Minimum Zone

Striking features affecting the composition and abundance of the deep-water pelagic 
and benthic communities worldwide are oxygen minimum zones (OMZ). While 
many small coastal areas are occasionally affected by short-term or smaller-scale 
oxygen depletions (Rabalais and Turner 2001; Gooday et al. 2009), at the oceanic 
level, OMZs are particularly ubiquitous and persistent in the East Pacific, the north-
ern part of the Indian Ocean, and the East Atlantic (Diaz and Rosenberg 1995; Levin 
et al. 2000) (Fig. 1.5). Of these, the East Pacific OMZ is by far the widest of its kind 
(Fig. 1.5), ranging almost uninterrupted from Alaska to central Chile (Helly and 
Levin 2004), over about 90° of latitude and up to about 7000 km offshore (Diaz and 
Rosenberg 1995). The widest OMZ cores are found off western Mexico, Central 
America, and Peru. The core narrows considerably toward higher latitudes (the 
northern part of the Baja California Peninsula to Oregon and further north) as well 
as south of Peru (Helly and Levin 2004). In these areas, dissolved oxygen concen-
tration rapidly decreases with depth and reaches severe hypoxic values or even close 
to anoxic conditions in what is known as the OMZ core (Helly and Levin 2004, 
Fig. 1.6). The depth at which the upper and lower limits of the OMZ core occur and 
the degree of intensity of the OMZ depend on geographic location. Thus, the bathy-
metric range (interval) corresponding to hypoxic (either mild or severe) or anoxic 
conditions will vary significantly from one locality to another (Helly and Levin 
2004; Serrano 2012; Papiol et al. 2016).
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Oxygen depletion in the water column strongly affects pelagic communities not 
adapted to hypoxic or near-anoxic conditions. Likewise, in areas where the OMZ 
intercepts the continental shelf and slope, the composition and size of benthic com-
munities will depend upon their tolerance to oxygen depletion. Additionally, the 
amount of organic matter available for consumption by detritus feeders is another 
critical driver (Levin et al. 2000, 2010; Papiol et al. 2016). Of paramount impor-
tance for local fisheries is the shallowest depth at which the OMZ core occurs, and 
shallow habitat compression has been predicted for hypoxia-intolerant taxa 
(Stramma et  al. 2010). Indeed, the shallowest the depletion of dissolved oxygen 
starts, the highest the impact on fishery activities. In most of the East Pacific Ocean, 
fishing activities have traditionally taken place on the continental shelf (Méndez 
1982; Hendrickx 1995; Rojas-Morales et  al. 2000; Álvarez-León 2002; Tabash 
Blanco 2007; Hendrickx and Serrano 2010; Díaz Merlano et al. 2011; Mendo and 
Wosnitza-Mendo 2014; Reyes et al. 2014; Villalobos-Rojas et al. 2014; Vieira et al. 
2016). Considering the entire East Pacific Ocean and with a few local exceptions, 
the upper boundary of the OMZ found between 40 and 60°N is located much deeper 
(between 650 and 550  m depth) than in other areas. Indeed, it is very shallow 
between 25°N and 5°N (200  m depth or less) and between 5°S and about 20°S 
(100 m depth or less; Fig. 1.6). Similarly, the depth at which the OMZ core lower 
boundary is found on average varies with latitude. In the higher latitudes (40–60°N), 
it is located at 1100–1200 m depth; in the intermediate latitudes (30–5°N), it occurs 
at 800–1000 m; and in the lower latitudes (0–25°S), it is much shallower (400–500 
m; Helly and Levin 2004). Consequently, as for other groups of invertebrates, deep- 
water crustaceans tolerant of (some) oxygen depletion, or living permanently below 
the OMZ core, will be found at different depths depending on the latitudinal range 
they inhabit (Papiol et al. 2016).

Along the OMZ, the deep-water fauna occurring below the lower boundary of 
the core is almost entirely distinct from the fauna found on the shelf or above the 
upper boundary of the core (Kameya et al. 1997; Quiroga et al. 2009; Hendrickx and 

Fig. 1.5 Worldwide distribution of oxygen minimum zones. Data from the World Ocean Atlas
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Serrano 2010). Migration of adult stages of benthic species through the OMZ, from 
shallow to deep water or inversely, appears to be strongly limited due to their physi-
ological intolerance to oxygen depletion (Quiroga et  al. 2009; Hendrickx and 
Serrano 2014). In a similar manner, dispersal and vertical migrations of pelagic 
forms (including the larval stages of benthic species) are also perturbed or limited 
(Judkins 1980; Saltzman and Wishner 1997; Hidalgo et  al. 2005), particularly 
in localities where the upper boundary of the OMZ is very shallow (e.g., less than 
25 m depth; Criales-Hernández et al. 2008). Consequently, this might interfere with 
latitudinal and longitudinal distribution and dispersion patterns of many planktonic 
and nektonic species in areas where the OMZ is wide and strong (Judkins 1980; 
Morales et al. 1999; Escribano et al. 2000).

Fig. 1.6 Dissolved oxygen profiles obtained offshore in four localities in the East Pacific. (a) Off 
western Mexico. (b) Off Costa Rica. (c) Off Peru. (d) Off Chile. (Sources or by courtesy of (a) 
Hendrickx and Serrano (2010), (b) Lu et  al. (2019), (c) Mosch et  al. (2012), (d) Escribano 
et al. (2009))
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1.2.3.3  Political Boundaries and Deep Territorial Seas

All but two of the 35 countries of the Americas (namely, Bolivia and Paraguay) 
adjoin at least one of the three major oceans. Combined, in the Atlantic Ocean, the 
total area covered by national exclusive economic zones (EEZ), the territorial sea 
extending from the coastline to 200 nautical miles offshore (outlined in white in 
Figs. 1.3 and 1.4), covers about 14.6 M km2, of which 10.5 M km2 (72%) are deeper 
than 200 m. Comparatively, in the Pacific Ocean, the EEZs cover about 13.9 M km2, 
of which 11.9 M km2 (86%) are deeper than 200 m (Figs. 1.3 and 1.4; FMI 2018, 
2019, GEBCO 2020). Higher proportion of deep sea in the Pacific is linked to the 
presence of several faraway offshore islands, e.g., Clarion, Malpelo, Galápagos, and 
Easter Islands.

The extent of the deep sea (>200 m depth) in these American countries is extraor-
dinarily variable, depending on two factors: (1) the size of their EEZ and (2) the 
steepness of the continental margin. For the Americas, the largest EEZ is that of the 
USA (not including Hawaii), but this includes the Alaska portion which makes up 
nearly half (about 2.5 M km2 of a total of 5.5 M km2). In contrast, the smallest EEZ 
is found around San Cristobal and Nevis of the Lesser Antilles with 9,974 km2; 
however, this has a proportionally very large deep-water extension, with 93.5% of 
its EEZ deeper than 200 m. The country with the highest proportion of water deeper 
than 200 m is Barbados, with 99.8%. By comparison, Argentina with the smallest 
portion of the EEZ deeper than 200 m (26.1%) is a country with a proportionally 
large continental shelf. The deepest point in the Americas is Milwaukee Deep, at 
8376 m, of the Puerto Rico Trench off the Island of Puerto Rico (Stewart and 
Jamieson 2019). Given the significant proportion of deep-water habitat lying in the 
EEZ of countries of the Americas, national tasks of exploring and understanding the 
structure and functions of these large ecosystems remain colossal. Intensive studies 
of both the deep-water benthic and pelagic communities that are recognized as 
diverse and abundant should be considered, as well as monitoring in a permanent 
manner the environmental conditions prevailing in these ecosystems, particularly 
deploying deep-water observatories in key areas.

1.2.4  Marine Arthropoda

The phylum Arthropoda comprises insects, spiders, pycnogonids, scorpions, milli-
pedes, and crustaceans. They all share segmented, chitinous exoskeletons and need 
to molt regularly to grow. Arthropods have a body form so versatile they have been 
compared to Swiss Army knives and are the most diverse metazoan form of life; 
with more than 1.3 million known species, they encompass nearly 80% of all known 
animals (Zhang 2013). However, the relationships among these groups remain hotly 
debated. Aria and Caron (2017) recently observed that retracing the evolutionary 
history of arthropods has been one of the greatest challenges in biology. The contri-
butions herein primarily cover Crustacea, as the dominant marine arthropods, but 
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Pycnogonida (sea spiders) are also included as they are one of only two other rela-
tively diverse groups of marine arthropods (the other being the marine mites, e.g., 
Bartsch 2006). The exclusively marine Pycnogonida are currently placed within the 
subphylum Chelicerata, which includes the terrestrial spiders and ticks, but the 
exact phylogenetic placement of pycnogonids remains unclear. Recent genomic- 
scale analysis of the chelicerates indicated that the marine forms (pycnogonids and 
the horseshoe crabs) form successive sister groups to terrestrial chelicerates, sug-
gesting a single colonization of land within Chelicerata (Lozano-Fernandez 
et al. 2019b).

Progressing from the historical view, the Crustacea are now accepted to not be 
monophyletic inasmuch as insects (Hexapoda) are derived from within the crusta-
ceans (Regier et al. 2010; Schwentner et al. 2017; Lozano-Fernandez et al. 2019a). 
The crustacean sister group to insects is still debated, but the consistent consensus 
based on major molecular and morphological datasets points to the remipedes, a 
small group of highly derived cave dwellers (Lozano-Fernandez et  al. 2019a; 
Ahyong 2020) that were thought by some to be the most “primitive” crustacean 
form (Schram 1983). The crustaceans and insects are now variously grouped 
together as Pancrustacea, Tetraconata, or simply Crustacea sensu lato, in which the 
hexapods are understood as terrestrial crustaceans.

In this volume, the chapters addressing Crustacea are primarily focused on the 
class Malacostraca. This highly diverse class includes Decapoda (e.g., crabs, 
prawns, and lobsters), Peracarida (e.g., amphipods, isopods, and cumaceans), and 
Stomatopoda (mantis shrimps). Other chapters present aspects of the Copepoda, 
which are united with the Malacostraca in the superclass Multicrustacea (Schwentner 
et al. 2018; Lozano-Fernandez et al. 2019a). It comprises over 57,100 species, about 
85% of all known Crustacea (~67,000) worldwide (Ahyong et  al. 2011). 
Multicrustacea are primarily marine and can be found throughout the world’s oceans 
and depths. They range in size from a fraction of a millimeter in length for the min-
ute parasitic Tantulocarida Boxshall and Lincoln, 1983 to the Japanese spider crab, 
Macrocheira kaempferi (Temminck, 1836), with a leg span that can reach 3.8 m 
(Davie et  al. 2015). Moreover, Multicrustacea can be described by a number of 
superlatives: the aforementioned Japanese spider crab is the largest living arthro-
pod; the coconut crab, Birgus latro (Linnaeus, 1767) is the largest land invertebrate 
with a weight of up to 4 kg and a leg span of up to 1 m (Drew et al. 2010, Fig. 1.7 
center); the deep-sea amphipod of the genus Hirondellea Chevreux, 1889 domi-
nates the scavenging community at extreme depths in the world’s trenches including 
Challenger Deep (Dahl 1959; Kobayashi et al. 2012; Lacey et al. 2016); planktonic 
copepods are the dominant mesozooplankton in the marine environment, compris-
ing as much as 80% of its total biomass (Kiørboe 1998). With the diversity in form 
and number of marine arthropods, it is clear that distributions (vertical and horizon-
tal), lifestyles, and abundances are not uniform throughout the deep sea but differ 
according to both geological and evolutionary histories (Wilson and Ahyong 2015). 
Deepwater decapods are most diverse and abundant in the bathyal zone, substan-
tially giving way to peracarids at abyssal depths and to almost entirely relinquish to 
peracarids at hadal depths. Just as the habitats of the  deep sea are not uniform, 
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Fig. 1.7 The diversity of shape and form illustrated in the Nouveau Larousse Illustré Ocean 
Educational Chart by Adolphe Millot (1857–1921), showing examples of various decapods such 
as crabs, shrimps, and lobsters (1–26), stomatopods (27–28), amphipods and isopods (29–32), 
notostracan (33), copepods (34–38), and barnacles (39–40)
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neither are the faunas, but nearly universally, the ecological significance of 
Multicrustacea in the marine realm cannot be overstated. They play a fundamental 
role in exporting, redistributing, and repackaging carbon and nutrients (e.g., 
Longhurst 1995; Smith et al. 2008; Jamieson et al. 2009), and many species are 
economically important.

As marine arthropods constitute a significant portion of the marine biodiversity 
in nearly all regions and across all depths, they present an excellent model for our 
understanding of large-scale patterns at global scales. Yet, large areas of the deep 
sea remain unknown, at the same time as the global climate is undeniably changing.

1.3  Conclusions

The deep ocean surrounding the North and South American continents hosts a wide 
diversity of arthropods, from microscopic peracarids and benthic copepods to some 
of the largest decapods such as king crabs. Contributions herein address a wide 
range of biological aspects related to deep sea crustaceans and pycnogonids, rang-
ing from taxonomic inventories, phylogenetics, and biogeography to community 
analysis, ecology, reproduction, and fisheries (see Preface).

As in many other regions of the world, our knowledge of the composition and 
ecology of the deep-water arthropod communities of the Americas is still very lim-
ited. Most countries of the Americas, in particular in Central and South America, are 
yet to implement comprehensive research programs aimed at exploring the vast 
offshore areas extending off their coastlines. In many cases, limitations are directly 
linked to the high cost of managing offshore research. Nevertheless, it is noteworthy 
that despite very limited means, there has been a consistent effort in the last decades 
to explore the deep-water resources with a view to identify potentially lucrative 
deep-water fishing grounds or mineral deposits. While this effort is understandable, 
there is obviously a very high risk that these marine communities are adversely 
affected when we lack detailed knowledge of the composition and ecology. 
Returning to the earlier claim, we know more about the surface of the moon than the 
ocean floor – is it still that case? We certainly have more data, more images, and 
more samples from the deep sea than the surface of the Moon. However, the sheer 
scale and complexity of the deep sea and its living systems mean that even in the 
twenty-first century, the claim remains arguably true.

Unfortunately, it is becoming apparent that depth does not shield the deep ocean 
and its inhabitants from anthropogenic disturbance (Jamieson et al. 2017, 2019). 
The state of impact is symbolized by the recent description of Eurythenes plasti-
cus Weston, 2020, a scavenging amphipod from hadal depth of the Mariana Trench 
named for the presence of microplastic in its gut (Weston et al. 2020). At a time 
where the global community is increasingly aware of the challenges and risks due 
to human disturbances and climate change, the immense effects of the deep ocean 
upon our climate remain a significant piece in the puzzle that is ill-understood 
(Bindoff et  al. in press). Indications are that climate change might threaten the 
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biodiversity of the deep sea proportionately more compared to shallow-water eco-
systems (Brito-Morales et al. 2020). Let us remind ourselves that research and the 
regional and global initiatives to tackle these challenges, through technical advances 
and protection measures such as marine protected areas and sustainable manage-
ment of fishing and mining, have to be considered with optimism for the future. A 
prerequisite for any of these initiatives is detailed knowledge of the fauna and com-
munities in the deep sea. A challenge to all of these initiatives in the Americas is the 
significant knowledge gap that exists for many parts of the region. Contributions in 
the present volume are intended to fill some of these gaps.
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Chapter 2
Deep-Sea Pycnogonids from Uruguay: 
Every Deep Cruise Adds Valuable 
Information

A. Soler-Membrives, R. A. Lucena, J. B. Company, and G. Rotllant

Abstract We aim to study the sea spider specimens collected from a deep cruise in 
the economic exploitation zone of Uruguay from 250 to 3800 m with the Marianne 
fishing vessel. We gather the information from deep-sea Uruguayan pycnogonids 
from literature together with the ones reported in a recent checklist of sea spiders 
present in Uruguayan waters published by Scarabino et  al. (2019) and including 
some biogeographic considerations. This new cruise includes two new species for 
Uruguayan waters and a great enlarging new bathymetric distribution of an already 
identified species in the area.

Keywords Pycnognida · Sea spiders · Deep-sea · Uruguay · Southwest Atlantic

2.1  Introduction

Pycnogonids or sea spiders are one of the most intriguing groups of arthropods. A 
resurgence in research interest in different aspects of pycnogonid biology has been 
seen in recent years. Pycnogonids are almost exclusively free-living marine inverte-
brates (Bamber et al. 2020). They are considered relatively rare, although they can 
be found from the poles to the tropics and from the littoral zone to the deepest sea 
(Arnaud and Bamber 1987). They range in size from littoral and interstitial species 
with leg spans of a few mm up to the large, deep-sea colossendeids, with leg spans 
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up to 750 mm. A pycnogonid world species checklist is found in PycnoBase (www.
marinespecies.org/pycnobase/) (Bamber et al. 2020), and their taxonomic classifi-
cation was recently phylogenetically tested using multiple data classes (Ballesteros 
et al. 2020).

In general, species are epibenthic, although some are known to be bathypelagic 
being commensal or parasitic of other bathypelagic marine species (Arnaud and 
Bamber 1987). Pycnogonids are commonly considered as brooders with no plank-
tonic dispersal stage, as fertilized eggs and sometimes post-larval stages are usually 
attached to the male (Arnaud and Bamber 1987). For this reason, a limited dispersal 
capability is assumed for this. In shallow continental where specific environmental 
constraints may play an important rate, the restricted dispersal may conduce to high 
speciation rates and the likely presence of cryptic species. However, deep-sea spe-
cies seem to have broader distribution patterns thanks to deep currents, and many 
species are cosmopolitan but limited to deep-sea waters (Bamber and Thurston 1995).

Deep-sea pycnogonids are usually found dispersed in both rocky and soft- bottom 
habitats, although large aggregations of pycnogonids have been observed at some 
deep-sea habitats, such as hydrothermal vents (Brescia and Tunnicliffe 1998) or 
whale falls (Braby et  al. 2009). The northeastern Atlantic Ocean has been well 
reported by severally deep-sea expeditions such as Stock (1978a, b, 1987), Bamber 
(1983), Bamber and Thurston (1993, 1995), Raiskii and Turpaeva (2006), and 
Turpaeva and Raiskii (2014).

Instead, the South Atlantic Ocean has been much neglected. The only studies on 
the Walvis Basin, offshore of Namibia, are those from Stock (1981) and Child 
(1982), and some deep-sea Pycnogonida from South Africa are recorded by Barnard 
(1954) and Stock (1963). The main pycnogonid study in the southeastern Pacific is 
the one by Araya (2016) along the Chilean coast.

The pycnogonid fauna from southwestern Atlantic has been sparsely studied, 
mainly by Child (1982, 1997) on the Argentina slope and basin and Uruguayan and 
Brazilian waters. Most of the knowledge of Uruguayan sea spiders available up to 
date is thanks to old literature studying specimens from the abovementioned foreign 
oceanographic expeditions in the coasts of Argentina, Uruguay, and Brazil (south-
west Atlantic). National cruises in Uruguay were scarce until relatively 
recently (Scarabino 2006), but interest in Pycnogonida in these waters is growing 
up. Recently, Scarabino et al. (2019) published the basis of the Uruguayan sea spi-
ders including a checklist of the species reported to date and some biogeographic 
considerations.

This is the first study on the deep continental margin of the economic exploita-
tion zone (EEZ) of Uruguay, adding 10 new sampling stations to the 16 gathered up 
to date to the pycnogonid deep-sea community.

A. Soler-Membrives et al.
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2.2  Materials and Methods

The goal of the cruise was to sample the deep megafauna community (between 250 
and 3800 m) in the economic exploitation zone (EEZ) of Uruguay, from the mouth 
of the Río de la Plata to the border with Brazil, in three transects: one south (S) at 
the mouth of the river de la Plata, one central (C), and one north (N) near the 
Brazilian border. Trawling was done with a three-net 2.5 × 1.2 m Agassiz trawl 
(AGT) at 2 kn. The cruise was performed during April and May 2016 with a total of 
26 trawls. From these, in ten trawls there were specimens belonging to Pycnogonida 
(Fig. 2.1, Table 2.1).

Fig. 2.1 Position of the stations sampled during the present cruise (black circles) in the exclusive 
economic zone (EEZ) of Uruguay and other stations were Pycnogonida have been recorded previ-
ously in literature (empty circles with star)

2 Deep-Sea Pycnogonids from Uruguay: Every Deep Cruise Adds Valuable Information
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2.3  Results

In this study, as part of ongoing studies documenting the invertebrates from the 
bycatch of commercial fisheries in the EEZ of Uruguay, a total of 50 specimens 
were analyzed to complete the sampling in this deep area (Table 2.1). Thanks to the 
present cruise, 10 new stations were added to the 16 previous stations from the lit-
erature of deep Uruguayan pycnogonids. Three nominal species were identified, 
Ammothea spinosa (Hodgson, 1907); Colossendeis angusta Sars, 1877; and 
Bathypallenopsis calcanea (Stephensen, 1933), belonging to three genera and three 
families. In addition, six specimens belonging two distinct species belonging to the 
genus Nymphon Fabricius, 1794, were identified. They did not match none of the 
12  different species of Nymphon previously recorded in this area or any other 
Nymphon species of the areas nearby, including the Antarctic and sub-Antarctic 
waters. Further studies are needed to determine if these specimens may belong to 
other more distant Nymphon species or to a new species. Four other specimens 
could be only determined to the genus Pallenopsis Wilson, 1881, also discarding the 
Pallenopsis species recorded in the southwestern Atlantic.

In the present study, the deepest bathymetric record worldwide of A. spinosa is 
provided (3600 m depth) as well as the northernmost occurrence for this species. 
Colossendeis angusta and B. calcanea are recorded for the first time in Uruguay, 
adding two new species to the list of 27 species presently known (Scarabino et al 
2019; Lucena et al. 2019a). Some geographical and bathymetrical discussion is pro-
vided for these species below.

The bathymetrical ranges for deep Uruguayan pycnogonids has been summa-
rized (Table  2.2). Some families are typical from the deep slopes restricted to 
depths down to 2000 m, such as the Nymphonidae Wilson, 1878. This family and 
its main genus, Nymphon, is the most diverse in Uruguayan waters, with 12 spe-
cies recorded and two more to be confirmed. Most of them are found at depths 
greater than 2000 m. The genus Bathypallenopsis Stock, 1975, has been discussed 
to be a subgenus of Pallenopsis (Cano-Sánchez and López-González 2019); how-
ever, nowadays it is considered a valid genus with 21 species (Bamber et al. 2020) 
due to some distinct morphological characteristics and the great depths at which it 
is generally found. Instead, the genus Pallenopsis seems to be restricted to the 
shallow slope, not found below the 2000 m. The genus Colossendeis Jarzynsky, 
1870, the main genus of the family Colossendeidae Jarzynsky, 1870, is typical of 
deep waters and has many cosmopolitan species, being the second most abundant 
genus in Antarctic and sub-Antarctic waters (Child 1995; Gordon 1932; Fry and 
Hedgpeth 1969; Munilla and Soler-Membrives 2009), despite the few records for 
the Uruguayan region.
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Table 2.2 Bathymetric range of deep-water Pycnogonida based on present study and records in 
literature (Scarabino et al. 2019; Lucena et al. 2019b)

Family Species
100–
1000 m

1000–
2000 m

2000–
3000 m

3000–
4000 m >4000 m

Ammotheidae 
Dorhn, 1881

Ammothea longispina 
Gordon, 1932

 x

Ammothea spinosa 
(Hodgson, 1907)

 x  x

Ammothea tetrapoda 
Gordon, 1932

 x

Cilunculus acanthus Fry and 
Hedgpeth, 1969

 x

Ascorhynchidae 
Hoek, 1881

Ascorhynchus cuculus Fry 
and Hedgpeth, 1969

 x  x

Ascorhynchoidea 
incertae sedis

Mimipallene atlantis Child, 
1982

 x  x

Austrodecidae 
Stock, 1954

Pantopipetta 
longituberculata (Turpaeva, 
1955)

 x  x  x

Callipallenidae 
Hilton, 1942

Callipallene margarita 
(Gordon, 1932)

 x

Colossendeidae 
Hoek, 1881

Colossendeis angusta Sars, 
1877

 x  x

Colossendeis geoffroyi 
Mañé-Garzón, 1944

 x

Colossendeis scoresbii 
Gordon, 1932

 x

Nymphonidae 
Wilson, 1878

Nymphon centrum Child, 
1997

 x

Nymphon dentiferum Child, 
1997

 x

Nymphon hampsoni Child, 
1982

 x  x

Nymphon inerme Fage, 1956  x
Nymphon inferum Child, 
1995

 x

Nymphon laterospinum 
Stock, 1963

 x

Nymphon longicollum Hoek, 
1881

 x  x

Nymphon longicoxa Hoek, 
1881

 x

Nymphon sandersi Child, 
1982

 x

Nymphon scotiae Stock, 
1981

 x

Nymphon sp. 1  x
Nymphon sp. 2  x
Nymphon typhlops 
(Hodgson, 1915)

 x  x

Nymphon vacans Child, 
1997

 x
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2.3.1  Colossendeis angusta Sars, 1877 Fig. 2.2a

Colossendeis angusta is a cosmopolitan species recorded in many deep oceans 
(Arctic, Atlantic, Pacific, and Indian oceans) and the Antarctica and sub-Antarctic 
waters, from shallow to deep waters (Raiskii and Turpaeva 2006). The species is 
known from the Argentina slope off Peninsula Valdés (Child 1982). However, this 
species has not been cited yet in Uruguayan waters and is recorded now for the first 
time, contributing a new area in its distribution range. This pan-oceanic species has 
a very wide bathymetric range (22–5480 m). Recent molecular studies (Dietz et al. 
2013) including molecular and morphological data suggested that it is also plausible 
that C. angusta might be hiding more than a single species and that all C. tenera, 
C. angusta, and C. megalonyx complex species should be revised in detail.

2.3.2  Ammothea spinosa (Hodgson, 1907) Fig. 2.2b

Ammothea spinosa has been recorded yet in the Antarctica and sub-Antarctic waters 
(Ross Sea, Antarctic Peninsula Islands, Scotia Sea, and the Falkland Islands) as well 
as in the Argentine and Uruguayan basins. Therefore, this species is recorded for the 
second time in Uruguayan waters since Child (1982) recorded six specimens from 
the RV Atlantis II Cruise in 1971. This is a typical Antarctic species that could be 
transported by the cold bottom currents north into South Atlantic basins. Up to date, 
the present record is the northernmost occurrence of this species but also elucidates 
the deficient knowledge of the fauna of these basins. It should not be discarded that 
this species could be distributed further north at the deep shores off Brazil. Moreover, 
the bathymetric range known yet for this species was 76–1679 m, so the records 
here reported increases also significantly the worldwide bathymetric range for this 
species to 3600 m depth.

Table 2.2 (continued)

Family Species
100–
1000 m

1000–
2000 m

2000–
3000 m

3000–
4000 m >4000 m

Pallenopsidae 
Fry, 1978

Bathypallenopsis calcanea 
(Stephensen, 1933)

 x  x

Pallenopsis meinerti 
Schimkewitsch, 1930

 x  x

Pallenopsis patagonica 
(Hoek, 1881)

 x

Pallenopsis sp. 1  x
Phoxichilidiidae 
Sars, 1891

Anoplodactylus vemae 
Child, 1982

 x
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2.3.3  Bathypallenopsis calcanea (Stephensen, 1933) Fig. 2.2c

Bathypallenopsis calcanea is a cosmopolitan bathypelagic species at a depth range 
of 353–8400 m (Turpaeva and Raiskii 2014). It has been found in both the Atlantic 
and Pacific Ocean basins (Bamber and Thurston 1995, Bamber 2002, Raiskii and 
Turpaeva 2006, Gasca and Browne 2008). This is considered a bathypelagic form of 
associated with gelatinous organisms like Scyphomedusae and Doliolida (Hedgpeth 
1962). This parasitic or commensal association with larger bathypelagic organisms 
may lead this species to move large distances attached to them and so could explain 
its cosmopolitan distribution.

Fig. 2.2 Specimens of deep-water Pycnogonida captured during present study off Uruguay. (a) 
Colossendeis angusta. (b) Ammothea spinosa. (c) Bathypallenopsis calcanea

A. Soler-Membrives et al.
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2.4  Conclusion

This study added two new species to the Uruguayan biodiversity, summing a total 
of 29 pycnogonid species recorded up to date. The presence of these species in 
Uruguay may give hints of a continuous distribution of these taxa along the deep- 
sea of the southwestern Atlantic Ocean (Bamber and Thurston 1995). Uruguay may 
represent part of a hidden biodiversity thriving in deep waters in the southwestern 
Atlantic. The Antarctic and sub-Antarctic fauna has been deeply studied. However, 
the connection between the Antarctica and the southwestern Atlantic has been 
merely studied, and northern areas such as the deep shore off Brazil have been even 
more neglected. Further deep cruises should be performed to understand to which 
extent can deep-sea species be distributed through long distances thanks to deep 
cold currents.
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Chapter 3
The Deep-Water Colossendeis tenera 
Hilton, 1943 (Pycnogonida, Pantopoda, 
Colossendeidae) off Western Mexico

M. E. Hendrickx

Abstract The deep-water Pycnogonida Colossendeis tenera Hoek, 1881, is 
reported from 12 localities off western Mexico. In the eastern Pacific, it had been 
previously recorded from the Bering Sea to southern California and from one iso-
lated record off western Mexico. A total of 43 specimens, ranging from 36.9 to 
215.6 mm leg span, was collected in a depth range of 750–2054 m, all below the 
lower limit of the oxygen minimum zone. Ecological information is provided for his 
material which appears to be tolerant to mild and severe hypoxic conditions, i.e., 
from 0.11 to 0.78 ml/l.

Keywords Sea spiders · Pycnogonids · Eastern Pacific · Oxygen minimum zone

3.1  Introduction

Pycnogonida is an exclusively marine group of Arthropoda containing about 1300 
species (Nakamura et al. 2007). Among the Pycnogonida, Colossendeis Jarzynsky, 
1870, is a highly speciose genus composed of 72 species distributed worldwide, 
from shallow to deep waters (Araya 2016; Bamber et al. 2020). The genus is par-
ticularly diverse in deep, cold Antarctic and sub-Antarctic waters (Vinu et al. 2016). 
Some species are very large (over 70 cm leg span when expanded) (Vinu et al. 2016; 
Araya 2016), and their ecological role is therefore important in deep-water com-
munities. As far as food webs are concerned, specimens of giant Colossendeis have 
been observed feeding on cnidarians in the North Atlantic and the North Central 
Pacific (Wicksten 2017), but members of this genus have also been reported feeding 
on detritus (“deposit feeders”), probably on sponges, hydroids, polychaetes, 
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nemertean, bryozoans, and limpets, and some scavenger behavior has also been 
observed (Vinu et al. 2016; Wicksten 2017; Dietz et al. 2018).

Munilla (2002) enlisted 18 species of pycnogonids for the Pacific coast of 
Mexico, most (50%) belonging to the Ammotheidae, and the rest distributed among 
the Callipallenidae (3 species), the Nymphonidae (4 species), and the Phoxichilididae 
(2 species). Hendrickx (2005) reports 15 species for the Gulf of California, essen-
tially the same as those reported by Munilla (2002).

Deep-water pycnogonids have been little studied off western Mexico, and records 
are scarce (Dietz et al. 2013). While reviewing material of invertebrates collected in 
deep water off western Mexico, a small series of specimens of C. tenera Hilton, 
1943, was recognized. One record from western Mexico was previously presented 
by Dietz et al. (2013). This additional material is reported herein with notes on this 
species ecology.

3.2  Material and Methods

The material on which this study is based was collected by the R/V “El Puma” of 
the Universidad Nacional Autónoma de México (UNAM), between 1991 and 2014 
off western Mexico (TALUD project) (see Fig. 3.1). During this survey, 228 locali-
ties were sampled near the lower boundary of the OMZ core and deeper, from 377 
to 2394 m depth. Positional coordinates were obtained using a GPS navigation sys-
tem. Depth was measured with a digital recorder. Specimens were captured with a 
benthic sledge (BS) (2.35 m width, 0.9 m high) or a modified Agassiz dredge (AD) 
used during all cruises of this survey (see Hendrickx 2012). Specimens were depos-
ited in the Regional Collection of Marine Invertebrates (ICML-EMU) at UNAM in 
Mazatlán, Mexico. Temperature, salinity, and oxygen were measured around 20 m 
above the sea bottom (20 mab) with a Seabird 19 CTD. Rosette-mounted 10 l Niskin 
bottles were also deployed at each station (St.), and dissolved oxygen concentration 
was estimated with the Winkler method (Strickland and Parsons 1972). Sediment 
was sampled at each station by means of a modified USNEL box core, and samples 
of the top 3 cm were stored at 4–8 °C. At the laboratory, sediments were dried to 
constant weight at 60 °C. The organic carbon (Corg) and organic matter (Morg) 
contents  in sediments were  determined following the technique of Loring and 
Rantala (1992). Leg span (LS) of specimens was measured between the tips of the 
first pair of walking leg (Lane et al. 2017).

3.3  Results

A total of 43 specimens of C. tenera was collected in 12 stations, between 750 and 
2054 m depth.

M. E. Hendrickx
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Colossendeidae Jarzynsky, 1870

Colossendeis tenera Hoek, 1881

Material Examined. TALUD III, St. 14A (24°38′48″N; 108°26′54″W), August 19, 
1991, AD, 1016–1020 m, 2 specimens (LS 123.2–150.3 mm) (ICML-EMU-8639); 
St. 24A (25°33′36″N; 109°42′01″W), August 21, 1991, 3 specimens (LS 
130.4–143.0 mm), AD, 1043 m (ICML-EMU-8640).

TALUD VIII, St. 3 (24°32′36″N; 109°30′30″W), April, 16, 2005, 2 specimens 
(LS ca 98.9 and 103.1 mm), BS, 1600 m (ICML-EMU-8226).

TALUD IX, St. 10 (24°56′24″N; 110°16′42″W), November 12, 2005, 1 speci-
men (LS 102.7 mm), BS, 969–1225 m (ICML-EMU-12671).

TALUD XII, St. 23 (18°33′43″N; 103°57′45″W), April 1, 2008, BS, 1058–1088 m, 
1 specimen (LS 115.3  mm) (ICML-EMU-8227) and 19 specimens (LS 
78.9–140.1 mm) (ICML-EMU-8909); St. 25 (18°26′45″N; 104°16′10″W), April 1, 
2008, 2 specimens (LS 112.4–297.0 mm), BS, 1858–1879 m (ICML- EMU- 8910); 
St. 27 (18°40′28″N; 104°35′51″W), April 2, 2008, 1 specimen (LS 99.3 mm), BS, 

Fig. 3.1 Localities off western Mexico where Colossendeis tenera Hilton, 1943, was collected

3 The Deep-Water Colossendeis tenera Hilton, 1943 (Pycnogonida, Pantopoda…
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1040–1095 m (ICML-EMU-12672); St. 28 (18°50′19″N; 104°34′14″W), April 2, 
2008, 7 specimens (LS 90.4–102.8 mm), BS, 1101–1106 m (ICML-EMU-12673).

TALUD XV, St. 1 (23°18′40″N; 111°19′37″W), August 4, 2012, 2 specimens 
(LS 36.9–121.1 mm), BS, 750–850 m (ICML-EMU-12674).

TALUD XVI-B, St. 1 (28°28′18″N; 115°45′12″W), May 23, 2014, 1 specimen 
(LS ca 44.6  mm), BS, 2038–2054  m (ICML-EMU-12675); St. 19 (30°38′N; 
116°31.67′W), May 25, 2014, 1 specimen (LS 215.6  mm), BS, 1385–1433  m 
(ICML-EMU-12676); St. 27 (31°46′18″N; 117°12′18″W), May 27, 2014, 1 speci-
men (LS 113.7 mm), BS, 1395–1397 m (ICML-EMU-12677).

Ecology. Depth records reported herein for C. tenera (750–2054 m) are within 
the depth range previously reported for this species (Child 1994, 1995). Values of 
environmental parameters associated with the presence of C. tenera were as fol-
lows: water temperature, 2.02–5.75  °C; dissolved oxygen, 0.11–0.78  ml/l; and 
salinity, 34.53–34.70. Sediments where the specimens were captured had an organic 
carbon content of 1.34–3.96%; sediments composition was predominantly silty 
(about 68–85%) with low, rather variable proportion of clay and fine sand (Table 3.1).

Geographic distribution. In the eastern Pacific, Colossendeis tenera is known 
to occur off western Mexico. Indeed, one specimen from station 28 of the TALUD 
XII cruise has been included in Dietz et al. (2013) contribution. The material exam-
ined herein indicates that C. tenera is widely distributed off western Mexico, includ-
ing the southern Gulf of California (Fig.  3.1). The USNM collection contains 
material collected off Oregon, Washington, and Alaska (including the holotype 
from off Oregon: 45°30′N, 124°52′W); the species has been reported for these three 
western American states by Austin (1980) and Child (1994), who also included 
California in its distribution range. Child (1995) reported on material from the 
Bering Sea and off the Aleutians Islands. There is an additional record (as 

Table 3.1 Environmental data measured at bottom level in  localities where C. tenera Hilton, 
1943, was collected. Sediments components in %

Locality Oxygen (ml/l) Temp. (°C) Salinity %Corg Morg% Clay Lime Sand

T III, St. 14A 0.15 ND ND ND ND ND ND ND
T III, St. 24A ND ND ND ND ND ND ND ND
T VIII, St. 3 0.70 3.00 34.70 ND ND ND ND ND
T IX, St. 10 0.18 4.22 34.55 ND ND ND ND ND
T XII, St. 23 0.22 4.39 34.54 ND ND ND ND ND
T XII, St. 24 0.95 3.10 34.59 1.34 ND ND ND ND
T XII, St. 27 0.26 ND 34.53 1.96 ND ND ND ND
T XII, St. 28 0.27 4.11 34.53 2.13 ND ND ND ND
T XV, St 1. 0.11 5.75 34.54 3.93 6.77 13.37 67.94 18.69
T XVI, St. 1 ND 2.02 34.64 ND ND ND ND ND
T XVI-B, St. 19 0.90 3.16 34.55 3.96 6.81 11.07 84.62 4.31
T XVI-B, St. 27 0.78 3.32 34.54 3.68 6.32 12.58 84.99 2.44
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Colossendeis megalonyx tenera) from off Peru at 18° 10′S, 71° 29′W. The material 
was collected by a Russian research ship and reported by Turpaeva (1975), a contri-
bution which was apparently overlooked previously.

Bathymetry. The long series of records provided by Child (1994) are from 1000 
to 4194 m depth, but in 1995 the same author reported a depth range of 882–3600 m 
(Child 1995). Turpaeva (1975) indicated a depth range of 600–610 m. The shallow-
est record observed during this study was 750–850 m.

3.4  Discussion

In addition to C. tenera (southern Alaska, Washington, and Oregon), Austin (1980) 
also reported two additional species of this genus for the west coast of America: 
C. angusta Sars, 1877, from the Arctic Sea to Oregon (Pacific and Atlantic), and 
C. colossae Wilson, 1881, from Oregon (West Pacific and Atlantic). Two other spe-
cies, C. gracilis Hoek, 1881, and C. minuta Hoek, 1881, have been reported from 
off the west coast of Panama (Stock 1974). In his extensive review of Pycnogonida 
from the temperate West Coast of the United States, Child (1994) reported on mate-
rial of several species of the genus, including two new to science: C. cucurbita Cole, 
1909, from California and the Galapagos Islands (Atlantic and Pacific); C. japonica 
Hoek, 1898, from California and Washington (Japan and Kermadec Trench); 
C. macerrima Wilson, 1881, a cosmopolitan species recorded from off the west 
coast of Central America, California, Oregon, and Washington, USA (Bamber et al. 
2020); C. peloria Child, 1994, from California; C. spicula Child, 1994, from 
Oregon; C. colossae from off California and Washington; and C. tenera from 
California, Oregon, and Alaska.

Environmental conditions other than depth ranges have been little documented 
for species of Colossendeis. Vinu et al. (2016) recorded the following data (sample 
taken near bottom; 1000 m depth) for C. colossae: temperature, 6.79 °C, salinity, 
34.97; and dissolved oxygen, 0.86 ml/l. The sampling locality was near the SW tip 
of India, in an area where the oxygen minimum zone (OMZ) is intense (Helly and 
Levin 2004). All the specimens examined herein were also captured in an area 
strongly influenced by an intense OMZ (Hendrickx and Serrano 2010), below the 
lower limit of the OMZ core, in conditions similar to these reported by Vinu et al. 
(2016). The dissolved oxygen concentration range in this study, however, was much 
wider, i.e., 0.11–0.95  ml/l. Colossendeis tenera appears to be tolerant to mild 
(<0.5 ml/l) to severe (<0.2 ml/l) hypoxic conditions.
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Chapter 4
The Deep-Water Benthic Harpacticoida 
(Copepoda) of the Americas

S. Gómez and K. I. Rivera-Sánchez

Abstract Deep-sea harpacticoid copepods are poorly known worldwide. Due to 
sampling difficulties, these organisms are seldom captured. Recent investigation, 
however, has allowed for the discovery of many new species and genera in diverse 
regions of the Americas. The deep-water harpacticoid fauna from the Americas is 
reviewed, including their distribution and some aspects of their ecology. Information 
related to the occurrence of each species is provided and discussed in a regional 
context.

Keywords Benthic copepods · Diversity · Distribution

4.1  Introduction

The order Harpacticoida is one of the ten orders within the subclass Copepoda 
Milne Edwards, 1840 (Khodami et  al. 2017). With about 5164 accepted species 
(Walter and Boxshall 2019), the ubiquitous order Harpacticoida is primitively ben-
thic and can be found in a wide altitudinal range from well over 5000 m.a.s.l. 
(Kikuchi 1994; Ranga Reddy et al. 2014) to the deepest oceanic trenches (Becker 
1974) and basins (Willen 2003; George et  al. 2014; Mercado-Salas et  al. 2019). 
Some harpacticoid species can be found in marine plankton samples at wide depth 
ranges (Boxshall 1979) but also in freshwater rivers (Beed 1962). Some others have 
successfully exploited hypersaline environments (Kolesnikova et  al. 2017), and 
some can be found in damp moss (Menzel 1916; Chappuis 1931; Reid and Lesko 
2003; Dahms and Qian 2004), leaf litter (Dumont and Maas 1988; Reid and Lesko 
2003; Fiers and Jocque 2013), water-filled tree hollows (Reid and Lesko 2003), and 
phytotelmata (Por and Hadel 1986; Janetzky et al. 1996; Boxshall and Jaume 2000; 
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Kitching 2000; Reid and Lesko 2003). With about 500 hypogean species (Romero 
2009), harpacticoids have successfully colonized wells (Bruno and Cottarelli 1999; 
Bruno and Perry 2004), caves (Cottarelli and Bruno 1993; Huys and Iliffe 1998; 
Suárez-Morales and Iliffe 2005; Apostolov 2007), cenotes (Wilson 1936; Gómez 
and Morales-Serna 2015), and the hyporheic zone of river beds (Corgosinho et al. 
2007, 2010; Bruno and Cottarelli 2015). Harpacticoids can also be found as associ-
ates of a wide range of hosts from marine tetrapods and fishes to a variety of inver-
tebrates, cyanobacteria, protozoans, macroalgae, and grasses (Huys 2016). Given 
their body size (<2.5 mm >0.2 mm; Giere 2009), benthic free-living harpacticoids 
form part of meiofaunal communities (also referred to as meiobenthos or interstitial 
communities), being the second most abundant taxon outnumbered only by nema-
todes both in the littoral (Giere 2009) and in the deep sea (Netto et al. 2005; Baguley 
et al. 2006a, b, 2008, 2015; Álvarez-Castillo et al. 2018; Neira et al. 2018).

Probably due to the constraints facing researchers for the study of deep-sea 
meiofauna (>200 m depth) but also due to the scarcity of specialized taxonomists, 
our knowledge of the harpacticoid deep-sea fauna from the Americas is relatively 
poor. At present, about 169 deep-sea nominotypical species of harpacticoid cope-
pods distributed in 22 families have been reported from the Americas (4.1; see 
also Table 4.2 for references), being Miraciidae Dana, 1846 the best represented 
family (17 genera, 34 species), followed by Ancorabolidae Sars, 1909 (9 genera, 
15 species), Argestidae Por, 1986 (9 genera, 31 species), Pseudotachidiidae Lang, 
1936 (7 genera, 19 species), Aegisthidae Giesbrecht, 1893 (7 genera, 13 species), 
Cletodidae Scott T., 1904 (6 genera, 10 species), and Canthocamptidae Brady, 
1880 (4 genera, 11 species). Ameiridae Boeck, 1865 (5 genera, 6 species); 
Dactylopusiidae Lang, 1936 (4 genera, 4 species); Ectinosomatidae Sars, 1903 (3 
genera, 4 species); Parameiropsidae Corgosinho & Martínez Arbizu, 2010 and 
Zosimeidae Seifried, 2003 (one genus, 3 species each); Tisbidae Stebbing, 1910, 
Paramesochridae Lang, 1944, and Laophontidae Scott T., 1904 (2 genera, 2 spe-
cies each); Neobradyidae Olofsson, 1917, Rhizothrichidae Por, 1986, and 
Tegastidae Sars, 1904 (one genus, 2 species each); and Cletopsyllidae Huys & 
Willems, 1989, Harpacticidae Dana, 1846, Idyanthidae Lang, 1948, and 
Normanellidae Lang, 1944 (one genus, one species each) are the less species-rich 
deep-sea families in the Americas. Of all the deep-sea harpacticoid species 
reported in published literature, 92 species have been described originally from 
the Americas (Tables 4.1 and 4.2, Figs. 4.1, 4.2, 4.3, and 4.4). On the other hand, 
the Eastern United States is the region with most records of deep-sea harpacti-
coids (20.74%), followed by Southern South America (15.05%), the Eastern 
Central Pacific (14.38%), the Gulf of Mexico (14.05%), the Northeastern Pacific 
(11.04%), the Southeast Pacific (10.37%), the Gulf of California (8.03%), the 
Beaufort Sea (4.01%), and the Campos Basin and Continental Slope of Sergipe, 
Brazil (2.34%) (Table 4.2).
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Table 4.1 List of records of deep-sea harpacticoid nominotypical species (>200 m depth) known 
from the Americas. Fam., family

Taxon
Coordinates Corresponding 

number in FiguresLat Long

Fam. Aegisthidae Giesbrecht, 1893
Andromastax muricatus Conroy-Dalton and 
Huys, 1999*

00°47.9′N 86°09.2′W 1

Cervinia magna Smirnov, 1946 71°08.9′N 148°00.8′W 2

Cervinia unisetosa Montagna, 1980* 71°45.1′N 150°35.0′W 3
Cerviniella bodini Coull, 1973* 34°20.5′N 75°45.8′W 4
Cerviniella hamata Coull, 1973* 34°6.5′N 75°46.8′W 5
Cerviniella mirabilipes Smirnov, 1946 — — —
Cerviniella peruana Becker, 1974* 12°03.0′S 78°45.0′W 6
Cerviniopsis gorbunovi Smirnov, 1946 — — —
Cerviniopsis longicaudata Sars, 1903 — — —
Expansicervinia glacieria Montagna, 1980* 72°42.0′N 143°40.0′W 7

72°58.0′N 146°29.0′W 8
Pontostratiotes peruanus Becker and 
Schriever, 1979*

07°59.0′S 80°37.0′W 9

Siphonis aureus Mercado-Salas, Khodami 
and Martínez Arbizu, 2019*

11°4.3′N 119°36.3′W 10

Siphonis ruehlemanni Mercado-Salas, 
Khodami and Martínez Arbizu, 2019*

11°50.2′N 116°58.9′W 11

14°03.1′N 130°04.8′W 12

Fam. Ameiridae Boeck, 1865
Ameira bathyalis Becker and Schriever, 
1979*

11°50.0′S 77°58.0′W 13

Ameira longipes Boeck, 1865 27°06.4′N 91°09.9′W 14

Ameiropsis mixta Sars, 1907 27°06.4′N 91°09.9′W 15

27°06.4′N 91°09.9′W 16

Argestigens celibis Gómez, 2018* 27°42.0′N 111°37.9′W 17
Malacopsyllus hades Becker, 1974* 08°52.0′S 80°47.0′W 18
Sarsameira knorri Reidenauer and Thistle, 
1983*

40°24.0′N 63°07.4′W 19
40°24.3′N 63°09.6′W 20

Fam. Ancorabolidae Sars, 1909
Ancorabolus hendrickxi Gómez and 
Conroy-Dalton, 2002*

25°54.0′N 110°11.0′W 21

Arthuricornua anendopodia Conroy-Dalton, 
2001*

32°35.8′N 117°29.0′W 22

Ceratonotus elongatus Gómez and Díaz, 
2017*

27°01.0′N 110°53.1′W 23

Ceratonotus thistlei Conroy-Dalton, 2003* 32°35.8N 117°29.0′W 24
Dendropsyllus californiensis Gómez and 
Díaz, 2017*

26°41.1′N 111°12.0′W 25

Dendropsyllus magellanicus (George and 
Schminke, 1998)*

42°24.6′S 74°47.3′W 26

53°21.2′S 70°42.7′W 27

(continued)
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Table 4.1 (continued)

Taxon
Coordinates Corresponding 

number in FiguresLat Long

Dendropsyllus thomasi Conroy-Dalton, 
2003*

32°35.8N 117°29.0′W 28

Dorsiceratus triarticulatus Coull, 1973* 34°14.4′N 75°49.5′W 29
Echinopsyllus brasiliensis Wandeness, 
George and Santos, 2009*

22°04.6′S 39°52.1′W 30

Echinopsyllus grohmannae Wandeness, 
George and Santos, 2009*

22°31.5′S 40°03.8′W 31

Echinopsyllus nogueirae Wandeness, George 
and Santos, 2009*

22°31.5′S 40°03.8′W 32

Laophontodes sabinegeorgeae George and 
Gheerardyn, 2015*

55°47.8′S 65°48.8′W 33

Laophontodes gertraudae George, 2018* 55°47.8′ S, 65°48.8′W 34
Polyascophorus monoceratus George, 
Wandeness and Santos, 2013*

21°54.6′S 39°54.6′W 35

Uptionyx verenae Conroy-Dalton and Huys, 
2000*

48°27.5′N 128°42.5′W 36

Fam. Argestidae Por, 1986
Argestes analongises Gómez, 2018* 22°01.0′N 106°40.0′W 37
Argestes mollis Sars, 1910 — — —
Argestoides prehensilis Huys & Conroy- 
Dalton, 1997*

00°47.9′N 86°09.2′W 38

Eurycletodes (Eurycletodes) gorbunovi 
Smirnov, 1946

— — —

Eurycletodes (Oligocletodes) echinatus Lang, 
1936

— — —

Eurycletodes (Oligocletodes) hoplurus 
Smirnov, 1946

— — —

Eurycletodes (Oligocletodes) major Sars, 
1909

— — —

Eurycletodes (Oligocletodes) monardi 
Smirnov, 1946

54°58.7′S 69°01.9′W 39

Eurycletodes (Oligocletodes) oblongus Sars, 
1920

54°58.7′S 69°01.9′W 40

53°21.0′S 70°42.7W 41

53°41.5′S 70°56.5′W 42

Eurycletodes (Oligocletodes) peruanus 
Becker, 1979*

08°22.0′S 81°2.0′W 43

Eurycletodes paraephippiger Gómez, 2018* 27°09.1′N 111°39.9′W 44
Fultonia bougisi Soyer, 1964 54°58.7′S 69°01.9′W 45

Fultonia sarsi (Smirnov, 1946) 54°58.7′S 69°01.9′W 46

53°41.5′S 70°56.5′W 47

(continued)
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Table 4.1 (continued)

Taxon
Coordinates Corresponding 

number in FiguresLat Long

Mesocletodes abyssicola (Scott T. and Scott 
A., 1901)

53°33.0′S 70°39.2′W 48

53°41.8′S 70°54.6′W 49

53°43.4′S 70°56.0′W 50

Mesocletodes bathybia Por, 1964 — — —
Mesocletodes bicornis Menzel and George, 
2009

— — —

Mesocletodes brevisetosus Gómez, 2018* 25°54.7′N 110°11.0′W 51
Mesocletodes comixtus Coull, 1973* 34°14.4′N 75°49.5′W 52
Mesocletodes dolichurus Smirnov, 1946 — — —
Mesocletodes elmari Menzel, 2011 09°50.5′N 104°17.5′W 53

Mesocletodes irrasus (Scott T. and Scott A., 
1894)

— — —

Mesocletodes katharinae Soyer, 1964 — — —
Mesocletodes nudus Vakati, Thistle and Lee, 
2017*

32°35.8N 117°29.0′W 54

Mesocletodes parirrasus Becker, 1979* 12°03.0′S 78°45.0′W 55
Mesocletodes robustus Por, 1965 — — —
Mesocletodes simplex Gómez, 2018* 27°01.0′N 110°53.1′W 56
Mesocletodes soyeri Bodin, 1968 54°58.1′S 68°49.9′W 57

54°58.7′S 69°01.9′W 58

Mesocletodes tetrasetosus Vakati, Thistle and 
Lee, 2017*

32°35.8N 117°29.0′W 59

Mesocletodes unisetosus Gómez, 2018* 25°54.7′N 110°11.0′W 60
Neoargestes laevis Gheerardyn and George, 
2019*

14°42.4′N 125°26.5′W 61

Odiliacletodes secundus Gómez, 2018* 27°07.0′N 110°53.4′W 62
Fam. Canthocamptidae Brady, 1880
Bathycamptus eckmani Huys and Thistle, 
1989*

32°35.8N 117°29.0′W 63

32°51.0′N 117°46.9′W 64

Carolinicola trisetosa (Coull, 1973) * 34°05.0′N 74°16.0′W 65
Hemimesochra rapiens Becker, 1979* 12°03.0′S 78°05.0′W 66
Metahuntemannia crassa (Por, 1965) — — —
Metahuntemannia drzycimskii Soyer, 1970 — — —
Metahuntemannia gorbunovi Smirnov, 1946 — — —
Metahuntemannia magniceps Becker, 1979* 12°03.0′S 78°45.0′W 67
Metahuntemannia pacifica Becker, 1979* 11°50.0′S 77°58′W 68
Metahuntemannia peruana Becker, 1979* 12°03.0′S 78°05.0′W 69

12°04.0′S 78°05.0′W 70
Metahuntemannia spinosa (Klie, 1939) — — —
Metahuntemannia talpa Becker, 1979* 11°50.0′S 77°58.0′W 71

(continued)
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Table 4.1 (continued)

Taxon
Coordinates Corresponding 

number in FiguresLat Long

Fam. Cletodidae Scott T., 1904
Barbaracletodes barbara Becker, 1979* 12°03.0′S 78°45.0′W 72
Barbaracletodes carola Becker, 1979* 11°50.0′S 77°58.0′W 73
Cletodes latirostris Drzycimski, 1967 53°41.5′S 70°56.5′W 74

53°41.8′S 70°54.6′W 75

53°43.4′S 70°56.0′W 76

Cletodes longicaudatus (Boeck, 1872) 27°06.7′N 91°09.9′W 77

27°06.7′N 91°09.9′W 78

Cletodes yotabis Por, 1967 — — —
Echinocletodes voightae George and Müller, 
2013*

41°00.0′N 127°29.7′W 79

Enhydrosoma hopkinsi Lang, 1965 53°41.8′S 70°54.6′W 80

Pyrocletodes desuramus Coull, 1973* 34°23.0′N 75°41.5′W 81
Stylicletodes longicaudatus (Brady, 1880) 54°54.5′S 68°38.7′W 82

54°58.7′S 69°01.9′W 83

55°29.0′S 66°04.4′W 84

53°21.0′S 70°42.7W 85

53°41.5′S 70°56.5′W 86

53°43.4′S 70°56.0′W 87

Stylicletodes oligochaeta Bodin, 1968 54°58.7′S 69°01.9′W 88

53°21.0′S 70°42.7W 89

53°41.5′S 70°56.5′W 90

53°41.8′S 70°54.6′W 91

53°43.4′S 70°56′W 92

Fam. Cletopsyllidae Huys and Willems, 
1989
Pentacletopsyllus montagni Bang, Baguley 
and Moon, 2014*

28°43.2′N 88°20.7′W 93

Fam. Dactylopusiidae Lang, 1936
Dactylopodopsis dilatata Sars, 1911 — — —
Dactylopusia spinipes Brady, 1910 — — —
Diarthrodes aegidaeus (Brian, 1927) — — —
Paradactylopodia brevicornis (Claus, 1866) — — —
Fam. Ectinosomatidae Sars, 1903
Bradya typica Boeck, 1873 — — —
Microsetella norvegica (Boeck, 1865) 09°50.0′N — —

Microsetella rosea (Dana, 1847) 24°15.2′N 108°10.2′W 94

24°56.1′N 109°05.0′W 95

24°56.4′N 109°05.6′W 96

24°14.7′N 108°10.9′W 97

Pseudobradya confluens (Lang, 1936) — — —

(continued)
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Table 4.1 (continued)

Taxon
Coordinates Corresponding 

number in FiguresLat Long

Fam. Harpacticidae Dana, 1846
Harpacticus superflexus Willey, 1920 — — —
Fam. Idyanthidae Lang, 1948
Dactylopia peruana Becker, 1974* 11°50.0′S 77°58.0′W 98
Fam. Laophontidae Scott T., 1904
Archesola typhlops (Sars, 1908) 27°06.4′N 91°09.9′W 99

27°06.7′N 91°09.9′W 100

27°06.7′N 91°09.9′W 101

27°06.4′N 91°09.9′W 102

27°06.4′N 91°09.9′W 103

27°06.4′N 91°09.9′W 104

27°06.7′N 91°09.9′W 105

27°06.7′N 91°09.9′W 106

27°06.7′N 91°09.9′W 107

Bathylaophonte pacifica Lee and Huys, 
1999*

11°24.9′N 103°47.2′W 108

09°50.5′N 104°17.5′W 109

09°50.7′N 104°17.4′W 110

17°25.8′S 113°12.3′W 111
Fam. Miraciidae Dana, 1846
Amphiascoides debilis (Giesbrecht, 1881) — — —
Amphiascoides neglectus (Norman and Scott 
T., 1905)

27°06.4′N 91°09.9′W 112

27°06.7′N 91°09.9′W 113

27°06.4′N 91°09.9′W 114

27°06.4′N 91°09.9′W 115

27°06.7′N 91°09.9′W 116

Amphiascoides subdebilis (Willey, 1935) 55°29.0′S 66°04.4′W 117

Amphiascopsis cinctus (Claus, 1866) — — —
Amphiascus giesbrechti Sars, 1906 — — —
Amphiascus parvulus (Claus, 1866) 27°06.4′N 91°09.9′W 118

27°06.7′N 91°09.9′W 119

27°06.7′N 91°09.9′W 120

27°06.4′N 91°09.9′W 121

27°06.4′N 91°09.9′W 122

27°06.4′N 91°09.9′W 123

27°06.7′N 91°09.9′W 124

27°06.7′N 91°09.9′W 125

27°06.7′N 91°09.9′W 126

Amphiascus soyeri (Lang, 1965) — — —
Archaeohuysia huysi Gómez, 2020* 30°55.5′N 116°49.6′W 127

(continued)
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Table 4.1 (continued)

Taxon
Coordinates Corresponding 

number in FiguresLat Long

Beatricella calidafornax Gómez, 2020* 27°42.0′N 111°37.9′W 128
Delavalia asetosa Gómez, 2020* 24°16.0′N 108°24.1′W 129
Delavalia californiensis Gómez, 2020* 26°32.6′N 113°56.3′W 130
Delavalia diegensis (Thistle and Coull, 
1979)*

32°34.8′N 117°29.0′W 131

Delavalia gundulae (Willen, 2003) 27°06.4′N 91°09.9′W 132

27°06.7′N 91°09.9′W 133

Delavalia lima (Becker and Schriever, 1979)* 11°50.0′S 77°58.0′W 134
Delavalia profunda Gómez, 2020* 27°07.1′N 114°36.1′W 135
Delavalia reducta Gómez, 2020* 31°48.3′N 116°55.5′W 136
Diarthropodella secunda Gómez, 2020* 27°09.1′N 111°39.9′W 136
Diarthropodella prima Gómez, 2020* 24°16.0′N 108°24.1′W 138

27°42.0′N 111°37.9′W 139
Haloschizopera abyssi Becker, 1974* 12°04.0′S 78°05.0′W 140

53°41.8′S 70°54.6′W 141

53°42.6′S 70°48.7′W 142

53°43.4′S 70°56.0′W 143

Haloschizopera exigua (Sars, 1906) 54°54.5′S 68°38.7′W 144

54°58.7′S 69°01.9′W 145

55°27.8′S 66°09.1′W 146

53°21.0′S 70°42.7W 147

53°33.0′S 70°39.2′W 148

53°41.5′S 70°56.5′W 149

53°41.8′S 70°54.6′W 150

53°42.6′S 70°48.7′W 151

53°43.4′S 70°56.0′W 152

Haloschizopera lima Becker, 1974* 11°50.0′S 77°58.0′W 153
Haloschizopera pygmaea (Norman and Scott 
T., 1905)

— — —

Paramphiascella intermedia (Scott T., 1897) — — —
Pseudostenhelia bathyalis Gómez, 2020* 29°48.8′N 116°07.3′W 154
Robertgurneya rostrata (Gurney, 1927) — — —
Robertsonia knoxi (Thompson I.C. and Scott 
A., 1903)

— — —

Sarsamphiascus minutus (Claus, 1863) 55°27.8′S 66°09.1′W 155

Sarsamphiascus parvus (Sars M., 1906) — — —
Sarsamphiascus profundus (Becker and 
Schriever, 1979)*

11°50.0′S 77°58.0′W 156

Sarsamphiascus varians (Norman and Scott 
T., 1905)

— — —

(continued)
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Table 4.1 (continued)

Taxon
Coordinates Corresponding 

number in FiguresLat Long

Schizopera carolinensis Coull, 1971 — — —
Typhlamphiascus lamellifer lamellifer (Sars, 
1911)

— — —

Wellstenhelia euterpoides Gómez and 
Cruz-Barraza, 2020*

26°32.6′N 113°56.3′W 157

27°07.1′N 114°36.1′W 158

27°01.0′N 110°53.7′W 159

Wellstenvalia wellsi Gómez and Cruz- 
Barraza, 2020*

23°17.7′N 110°21.9′W 160

26°32.6′N 113°56.3′W 161

27°07.1′N 114°36.1′W 162

30°55.5′N 116°49.6′W 163

27°42.0′N 111°37.9′W 164

24°56.0′N 109°04.2′W 165

27°09.9′N 111°47.1′W 166

Fam. Neobradyidae Olofsson, 1917
Marsteinia bozici (Bodin, 1968) — — —
Marsteinia similis Drzycimski, 1968 — — —
Fam. Normanellidae Lang, 1944
Pseudocletodes vararensis Scott T. and Scott 
A., 1893

— — —

Fam. Parameiropsidae Corgosinho and 
Martínez Arbizu, 2010
Parameiropsis kodosensis Cho, Wi and Suh, 
2016*

10°30.9′N 131°18.9′W 167

Parameiropsis peruanus Becker, 1974* 12°03.0′S 78°45.0′W 168
Parameiropsis tetraspinosa Cho, Wi and Suh, 
2016*

10°30.1′N 131°19.9′W 169

Fam. Paramesochridae Lang, 1944
Emertonia minor (Vasconcelos, Veit-Köhler, 
Drewes and Parreira dos Santos, 2009)*

11°29.7′S 37°09.7′W 170

Wellsopsyllus (Wellsopsyllus) abyssalis 
(Becker, 1979)*

12°03.0′S 78°45.0′W 171

Fam. Pseudotachidiidae Lang, 1936
Cylindronannopus primus Coull, 1973* 34°14.0′N 75°20.0′W 172
Keraia longiseta (Vasconcelos, George and 
Parreira dos Santos, 2008)*

11°29.7′S 37°09.7′W 173

Keraia tamara (Smirnov, 1946) — — —
Paranannopus echinipes Smirnov, 1946 — — —
Paranannopus atlanticus Coull, 1973* 34°09.0′N 75°54.0′W 174
Paranannopus longithorax Becker, 1979* 12°03.0′S 78°45.0′W 175
Paranannopus truncatus Becker, 1979* 08°56.0′S 80°47.0′W 176

(continued)
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Table 4.1 (continued)

Taxon
Coordinates Corresponding 

number in FiguresLat Long

Psammis longipes Becker, 1974* 27°06.4′N 91°09.9′W 177

12°03.0′S 78°45.0′W 178
Pseudomesochra gemina Coull, 1973* 34°16.4′N 75°36.1′W 179
Pseudomesochra longifurcata Scott T., 1902 54°58.7′S 69°01.9′W 180

Pseudomesochra media (Sars, 1911) — — —
Pseudomesochra minor Becker, 1974* 11°50.0′S 77°58.0′W 181
Pseudomesochra similis Lang, 1935 — — —
Pseudotachidius abyssalis Becker, 1974* 12°03.0′S 78°45.0′W 182
Pseudotachidius biparttitus Montagna, 1980* 70°42.8′N 141°39.5′W 183
Pseudotachidius brevisetosus Montagna, 
1980*

70°42.8′N 147°39.5′W 184

Pseudotachidius peruanus Becker, 1974* 12°03.0′S 78°45.0′W 185
Pseudotachidius vikingus Drzycimski, 1968 — — —
Xylora bathyalis Hicks, 1988 09°50.5′N 104°17.5′W 186

09°50.7′N 104°17.4′W 187

27°06.7′N 91°09.9′W 188

27°06.7′N 91°09.9′W 189

27°06.7′N 91°09.9′W 190

27°06.4′N 91°09.9′W 191

27°06.7′N 91°09.9′W 192

Fam. Rhizothrichidae Por, 1986
Rhizothrix gracilis (Scott T., 1903) — — —
Rhizothrix longiseta Gómez, 2018* 27°42.0′N 111°37.9′W 193

27°09.9′N 111°47.1′W 194
Fam. Tegastidae Sars, 1904
Smacigastes barti Gollner, Ivanenko and 
Martínez Arbizu, 2008*

09°50.5′N 104°17.5′W 195

Smacigastes methanophilus Plum and 
Martínez Arbizu, 2009*

27°06.4′N 91°09.9′W 196

Fam. Tisbidae Stebbing, 1910
Cholidya polypi Farran, 1914 36°40.7—

41′N
122°17.6—
19.4′W

197

29°43.0′N 80°10.0′W 198

34°18.0′N 75°51.0′W 199

35°04.0′N 75°06.0′W 200

39°55.0′N 70°39.0′W 201

48°27.4′N 128°42.5′W 202

45°21.0′N 125°37.3′W 203

45°57.6′N 125°46.2′W 204

45°59.6′N 125°44.0′W 205

(continued)
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4.2  Material and Methods

The taxonomy and systematics of harpacticoid copepods is in a constant state of 
flux. A number of new taxa (families, genera, species, etc.) are described every year, 
and some others are reallocated to new or to already existing valid taxa in an effort 
to better understand their phylogenetic relationships. Some species names might 
have changed with time, and the reader is suggested to check the status of the spe-
cies of interest in case an original reference is consulted. In this chapter, we fol-
lowed the World Register of Marine Species (http://www.marinespecies.org/aphia.
php?p=taxdetails&id=1102) as an authoritative source for the current classification 
and accepted names of harpacticoid copepods. Also, for the distribution of species 
described before 1948, we followed Lang (1948) as an authoritative source of 
information.

The description of new taxa and the report of new records are commonly accom-
panied by the coordinates where the taxon was found. These coordinates are pre-
sented in the original literature using different formats and degrees of precision. 
When available in the original publication, coordinates in this chapter follow the 
degrees decimal minutes (DDM) format, and the reader is suggested to check the 
original source if another format or if more precision is required.

This review is based largely on a revision of published descriptions and records 
of deep-sea harpacticoids from the Americas. Relevant information can also be 
found in gray literature (e.g., theses, dissertations, etc.). Comments and references 
of gray literature may appear in this chapter, but the species lists therein were not 
considered here. Finally, some papers on the ecology and distribution of harpacti-
coid copepods contain records of suprageneric and supraspecific taxa (George 2005; 
Thistle et al. 2007; Brooks et al. 2009; Gollner et al. 2015a, b; Plum et al. 2015; 

Table 4.1 (continued)

Taxon
Coordinates Corresponding 

number in FiguresLat Long

Genesis vulcanoctopusi López-González, 
Bresciani and Huys in López-González, 
Bresciani, Huys, González, Guerra and 
Pascual, 2000*

12°48.4′N 103°56.4′W 206

Fam. Zosimeidae Seifried, 2003
Zosime atlantica Bodin, 1968 — — —
Zosime paramajor Bodin, 1968 — — —
Zosime typica Boeck, 1873 — — —

Asterisks (*) in the species authority indicate species originally described from the Americas
Coordinates in bold indicate the type locality
For references and depths see Table 4.2. Numbers of species correspond to figures

4 The Deep-Water Benthic Harpacticoida (Copepoda) of the Americas
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Easton and Thistle 2016; Amon et al. 2017; Schmidt et al. 2018). Although some 
comments are given, these taxa were not included here, and a list is available upon 
request.

The oceanic limits of the continents are not always clear. Here we opted for a 
more inclusive approach and included the harpacticoid copepods from the Clarion- 
Clipperton Fracture Zone and the East Pacific Rise as part of the eastern Central 
Pacific. On the other hand, the regions presented below are purely arbitrary and 
have nothing to do with zoogeographic regions such as those proposed by 
Tunnicliffe et al. (1998), Watling et al. (2013), and Kiel (2016 and references cited 
therein).

Fig. 4.1 Location of the type locality of the species originally described from the Americas. For 
correspondence of number of species, coordinates, depths, and references, see also Tables 4.1 and 
4.2. For a detailed view of the west coast of the Baja California Peninsula and Gulf of California 
(I), the Peru Trench (II), and the region off North Carolina (III), see Figs. 4.2–4.4, respectively

4 The Deep-Water Benthic Harpacticoida (Copepoda) of the Americas
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4.3  Results and Discussion

4.3.1  Diversity and Distribution

At present, 161 nominotypical species have been reported from several regions in 
the Americas, of which 91 species have been described originally from this part of 
the globe and few of these species have been reported from other locations in the 
Americas different from their type localities (Table 4.1, Figs. 4.1, 4.2, 4.3, and 4.4). 
Also, 69 species reported from the Americas have been previously recorded or 
described from other parts of the world (Tables 4.1 and 4.2). Additionally, the true 
identity of several species known from other parts of the globe but that have been 
reported from the Americas is still pending (e.g., Eucanuella aff. reticulata Soyer, 
1970, Sarsamphiascus sp. 1 (aff. varians) (Norman and Scott T., 1905), Marsteinia 
cf. ibericus (Becker, 1974), etc.) (see Table 4.2).

The known distribution of harpacticoid species in the Americas is clearly an 
artifact of the researchers’ workplace but also of the interest in surveying certain 
areas. Vast areas of the deep sea of the Americas, including hydrothermal fields (see 

Fig. 4.2 Location of the type locality of the species originally described from the west coast of the 
Baja California Peninsula and the Gulf of California. For correspondence of number of species, 
coordinates, depths, and references, see also Tables 4.1 and 4.2

S. Gómez and K. I. Rivera-Sánchez
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Fig. 4.3 Location of the type locality of the species originally described from the Peru Trench. For 
correspondence of number of species, coordinates, depths, and references, see also Tables 
4.1 and 4.2

Fig. 4.4 Location of the type locality of the species originally described from off North Carolina. 
For correspondence of number of species, coordinates, depths, and references, see also Tables 
4.1 and 4.2

4 The Deep-Water Benthic Harpacticoida (Copepoda) of the Americas
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also Bachraty et al., 2009) and other extreme environments, remain terrae incogni-
tae for harpacticoid copepods, and any biogeographic analysis would be premature.

4.3.1.1  Eastern United States (Fig. 4.5)

In the early 1970s, Coull (1973a, b, c, d) published a series of papers on the deep- 
sea harpacticoid fauna from off North Carolina with important contributions. 
Previous descriptions of shallow-water harpacticoids (≤100  m depth) from off 
North Carolina are also available (Coull 1971; Hamond 1973), but Coull (1973d) 
presented the first survey on deep-sea harpacticoids (>200 m depth) from the  eastern 
coast of the United States. In his series of papers, Coull (1973a, b, c, d) contributed 
with the description of 9 new species of the families Aegisthidae, Ancorabolidae, 
Argestidae, Cletodidae, Pseudotachidiidae, and Canthocamptidae (Tables 4.1 and 
4.2, Figs. 4.4 and 4.5) and new records of 11 species of Argestidae; 10 species of 
Miraciidae; 5 species of Aegisthidae; 4 species each of Dactylopusiidae, 
Pseudotachidiidae, Zosimeidae, and Canthocamptidae; 2 species of Neobradyidae; 
and 1 species each for Cletodidae, Normanellidae, and Rhizothrichidae (no 

Fig. 4.5 Published records (gray literature excluded) of deep-sea harpacticoids from the eastern 
United States. For correspondence of number of species, coordinates, depths, and references, see 
also Tables 4.1 and 4.2

S. Gómez and K. I. Rivera-Sánchez
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coordinates are available, Table  4.2). Additionally, Coull (1973b, c) reported on 
some unidentified species of the genera Amphiascus Sars, 1905 and Schizopera 
Sars, 1905 (Miraciidae), Pseudomesochra Scott T., 1902 (Pseudotachidiidae), 
Zosime Boeck, 1873 (Zosimeidae), Echinopsyllus Sars, 1909 (Ancorabolidae), and 
Mesocletodes Sars, 1909 (Argestidae). Coull (1973d) presented a map with a num-
ber of other sampling sites in the deep sea off North Carolina. One additional free- 
living deep-sea harpacticoid was originally described from the northwestern 
Atlantic, Sarsameira knorri Reidenauer and Thistle, 1983 (Ameiridae), from two 
sites at 4,626 m depth off New York (Reidenauer and Thistle 1983) (Tables 4.1 and 
4.2, Figs.  4.1 and 4.5). Also, some of the few records of the parasitic copepod 
Cholidya polypi Farran, 1914 (Tisbidae) from the Americas that uses cephalopods 
as host are from this region (Humes and Voight 1997) (Table 4.2, Fig. 4.5; see below 
for some comments on C. polypi).

Intensive meiofauna samplings were done by Tietjen et al. (1989) at the Hatteras 
Abyssal Plain and Puerto Rico Trench; they did not mention harpacticoid species.

4.3.1.2  Southern South America (Fig. 4.6)

The Magellan Campaign to the Straits of Magellan and to the Beagle Channel on 
board RV “Victor Hensen” in 1994 (Arntz and Gorny 1994) and the expedition 
ANTARKTIS XIII/4 on board RV “Polarstern” in 1996 (Fahrbach and Gerdes 
1997) provided George and Schminke (1998), George (2005, 2018), and George 
and Gheerardyn (2015) with enough sediment samples to document the deep-sea 
harpacticoid fauna of the southern tip of South America (Straits of Magellan, Beagle 
Channel, and the Patagonian continental shelf). Dendropsyllus magellanicus 

Fig. 4.6 Published records (gray literature excluded) of deep-sea harpacticoids from southern 
South America. For correspondence of number of species, coordinates, depths, and references, see 
also Tables 4.1 and 4.2

4 The Deep-Water Benthic Harpacticoida (Copepoda) of the Americas
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(George and Schminke, 1998), Laophontodes sabinegeorgeae George & Gheerardyn, 
2015, and Laophontodes gertraudae George, 2018 (Ancorabolidae) are, to the best 
of our knowledge, the only species originally described from this region (Tables 4.1 
and 4.2, Figs. 4.1 and 4.6). George (2001) found and described Ancorabolus ilvae 
George, 2001 from southern Brunswick Peninsula in Bahia Voces (Southwestern 
Paso Ancho, Straits of Magellan) at 440 m and 550 m depth. However, A. ilvae was 
described upon a female fifth copepodid, and Gómez and Conroy-Dalton (2002) 
relegated the species as species inquirenda. George (2005) reported on the presence 
of other 15 species (10 genera, 4 families) (Table  4.2, Fig.  4.6) and on several 
unidentified species and genera of Ancorabolidae, Miraciidae, Paramesochridae, 
Pseudotachidiidae, Argestidae, Canthocamptidae, and Cletodidae.

4.3.1.3  The Gulf of Mexico (Fig. 4.7)

The biota of the Gulf of Mexico (GM) has received some attention recently, and a 
very comprehensive review on its habitats and biota before the Deep-water Horizon 
(DWH) oil spill is available (Byrnes et al. 2017). Despite extensive studies in this 
important region (see Baguley et al. (2006a, b, 2015) and Montagna et al. (2013)), 
only 12 species of deep-sea harpacticoids (Ameiridae, 3 species; Cletodidae, 1 spe-
cies; Cletopsyllidae, 1 species; Laophontidae, 1 species; Miraciidae, 3 species; 
Pseudotachidiidae, 2 species; Tegastidae, 1 species) have been reported from both 
the US and Mexican GM (Brooks et  al. 2009; Plum and Martinez-Arbizu 2009; 
Bang et  al. 2014; Plum et  al. 2015) (Table  4.2, Fig.  4.7), and only 2 species 
(Smacigastes methanophilus Plum and Martínez Arbizu, 2009 (Tegastidae) and 

Fig. 4.7 Published records (gray literature excluded) of deep-sea harpacticoids from the Gulf of 
Mexico. For correspondence of number of species, coordinates, depths, and references, see also 
Tables 4.1 and 4.2
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Pentacletopsyllus montagni Bang, Baguley & Moon, 2014 (Cletopsyllidae)) have 
been originally described from the deep sea of the GM (Plum and Martinez-Arbizu 
2009; Bang et al. 2014) (Tables 4.1 and 4.2, Figs. 4.1 and 4.7). Additionally, Brooks 
et al. (2009) presented about 27 unidentified harpacticoid species of 21 genera and 
10 families, and Plum et al. (2015) presented several unidentified species of about 
21 genera and 9 families.

Baguley et al. (2015) analyzed the metazoan meiofauna community in 66 sam-
pling stations affected by 4.9 million barrels of oil that were released into the GM 
during the DWH blowout and oil spill of 2010 (Lubchenco et  al. 2010). They 
(Baguley et al. 2015) collected about 22,059 copepods in 66 sampling sites at water 
depths ranging from 76 to 2,767 m. Similar initiatives have been carried out recently 
in the Mexican GM during a number of intensive oceanographic campaigns by the 
CIGoM initiative (https://cigom.org/) resulting in an undetermined number of sedi-
ment samples waiting for inspection. Preliminary analyses (pers. obs.) of only six 
sediment samples from the Sigsbee Abyssal Plain revealed the presence of an unde-
termined number of harpacticoid species distributed in 66 genera and 17 families. 
Baguley et al. (2015) and the intensive oceanographic campaigns carried out by the 
CIGoM initiative are just two examples of the efforts displayed by research institu-
tions and universities to reveal the diversity and function of meiofaunal communi-
ties in the GM.

Relevant information on the diversity of deep-sea harpacticoids from the north-
ern GM can also be found in several dissertations. For example, Baguley (2004) 
presented a thorough analysis of the structure and function of the deep-sea meio-
fauna from 51 stations in the northern GM prior to the DWH oil spill. In his species 
list, he (Baguley 2004) presented 672 species, together with a list of unidentified 
adult specimens—of which a large proportion are deemed to be new taxa—and 
copepodids. Similarly, in her MSc dissertation, Degen (2010) listed an undeter-
mined number of species of 43 genera associated with deep-sea tubeworms in cold 
seeps and hot vents from the upper Louisiana slope at 538–571 m depth.

Eventual analyses, description, and publication of the harpacticoid fauna of 
deep-sea sediment samples from the GM sheltered by different US and Mexican 
universities will undoubtedly unveil an extraordinary diversity of these 
microcrustaceans.

4.3.1.4  Southeast Pacific (Fig. 4.8)

In the southeast Pacific, the Peru Trench is, to the best of our knowledge, one of the 
two regions on the west coast of South America that has received some attention in 
the past and is by far the region with most descriptions of new species. Becker 
(1974, 1979) and Becker and Schriever (1979) gave the description of 27 new spe-
cies of deep-sea harpacticoids of 19 genera in 10 families (Tables 4.1 and 4.2, 
Figs.  4.1, and 4.8). Additionally, Becker and Schriever (1979) reported on three 
unidentified species of Amphiascoides Nicholls, 1941 and Bulbamphiascus Lang, 

4 The Deep-Water Benthic Harpacticoida (Copepoda) of the Americas
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1944 (Miraciidae) and Paraschizopera Wells, 1981 (Tetragonicipitidae). Also, 
Bathylaophonte pacifica Lee & Huys, 1999 (Laophontidae) was originally described 
from the north of Easter Island (Tables 4.1 and 4.2, Figs. 4.1 and 4.8).

Conroy-Dalton and Huys (1999) and Huys and Conroy-Dalton (1997) had the 
opportunity to inspect the hydrothermal vent harpacticoids found in samples taken 
at 2,494 m depth during a visit of the deep-sea submersible Alvin to the Galapagos 
Rift in 1979 (Huys and Conroy-Dalton 1997). Their efforts resulted in the descrip-
tion of two new species of two new genera, Argestoides prehensilis Huys & Conroy- 
Dalton, 1997 (Argestidae) and Andromastax muricatus Conroy-Dalton & Huys, 
1999 (Aegisthidae) (Tables 4.1 and 4.2, Figs. 4.1 and 4.8).

George (2006) reported on the presence of Dendropsyllus magellanicus from the 
Chilean Pacific continental slope off Chiloé Island collected during Expedition SO 
156C (“PUCK”) on board RV “Sonne” (Tables 4.1 and 4.2, Fig. 4.8).

Danovaro et  al. (2002) made a meiofaunal survey at the Atacama Trench to 
investigate the meiofaunal abundance, biomass, and community structure in relation 
to food availability. In their paper, they did not mention harpacticoid species.

Fig. 4.8 Published records (gray literature excluded) of deep-sea harpacticoids from the Southeast 
Pacific. For correspondence of number of species, coordinates, depths, and references, see also 
Tables 4.1 and 4.2
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4.3.1.5  Eastern Central Pacific (Fig. 4.9)

Twenty-eight free-living harpacticoids of 11 families, 2 aegisthids (Siphonis aureus 
Mercado-Salas, Khodami & Martínez Arbizu, 2019 and Siphonis ruehlemanni 
Mercado-Salas, Khodami & Martínez Arbizu, 2019) probably associated with 
sponges or cnidarians, 1 tisbid (Genesis vulcanoctopusi López-González, Bresciani 
& Huys, 2000) parasitizing octopodans, and 1 canthocamptid (Bathycamptus eck-
mani Huys and Thistle, 1989) associated with cirratulid polychaetes, have been 
reported from the eastern Central Pacific, and the type locality of 22 species lies 
within the limits of this region (Tables 4.1 and 4.2, Figs. 4.1 and 4.9). Most new 
species from the eastern Central Pacific have been found in samples taken during 
purely ecological/diversity surveys in the San Diego Trough like Quagmire 
Expedition (Thiel and Hessler 1974) from which Thistle (1978) gathered 3,935 
individuals of 140 putative species (some were subsequently described as 
Arthuricornua anendopodia Conroy-Dalton, 2001; Ceratonotus thistlei Conroy- 
Dalton, 2003; Dendropsyllus thomasi Conroy-Dalton, 2003; Bathycamptus eck-
mani—associated with the cirratulid polychaete Kirkegaardia luticastella (Jumars, 
1975); and Delavalia diegensis (Thistle and Coull, 1979), the TALUD project 
(Gómez and Morales-Serna 2012; Zamorano et al. 2014) in the west coast of the 

Fig. 4.9 Published records (gray literature excluded) of deep-sea harpacticoids from the Eastern 
Central Pacific. For correspondence of number of species, coordinates, depths, and references, see 
also Tables 4.1 and 4.2
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Baja California Peninsula with the description of several new species (Argestes ana-
longises Gómez, 2018, Pseudostenhelia bathyalis Gómez, 2020, Archaeohuysia 
huysi Gómez, 2020, Delavalia californiensis Gómez, 2020, Delavalia profunda 
Gómez, 2020, Delavalia reducta Gómez, 2020, Wellstenhelia euterpoides Gómez 
and Cruz-Barraza, 2020, Wellstenvalia wellsi Gómez and Cruz-Barraza, 2020) or in 
the East Pacific Rise with the description of Smacigastes barti Gollner et al., 2008 
(Tables 4.1 and 4.2, Figs. 4.1, 4.2, and 4.9) and with records of other species in 
Gollner et al. (2006, 2007, 2015a, b). One species of the family Tisbidae, Genesis 
vulcanoctopusi, was found as parasite of the octopus Muusoctopus hydrothermalis 
(González and Guerra, 1998). Other species have been found in samples taken at 
sites of mining interest like the Clarion-Clipperton Fracture Zone (CCZ) which har-
bors the highest concentration of polymetallic nodules worldwide at depths ranging 
from 4500 to 5500  m (Mercado-Salas et  al. 2019) (e.g., Siphonis ruehlemanni 
Mercado-Salas, Khodami and Martínez Arbizu, 2019, Siphonis aureus Mercado- 
Salas, Khodami and Martínez Arbizu, 2019, Parameiropsis kodosensis Cho, Wi and 
Suh, 2016, Parameiropsis tetraspinosa Cho, Wi and Suh, 2016, and Neoargestes 
laevis Gheerardyn and George, 2019 (Tables 4.1 and 4.2, Figs. 4.1 and 4.9)). An 
additional record of Bathylaophonte pacifica for the East Pacific Rise—but with its 
type locality in the north of Easter Island, southeast Pacific—can be found in Zekely 
et al. (2006). Additional unidentified species and genera can be found in Amon et al. 
(2017) for the abyssal Clarion-Clipperton Zone, in Eckman and Thistle (1988) for 
the San Diego Trough, and in Gollner et al. (2006, 2007, 2015a, b) and Zekely et al. 
(2006) for the East Pacific Rise.

In his PhD dissertation, Mahatma (2008) reported 340 harpacticoid species in 58 
genera and 18 families from the Pacific Nodule Province at 4966–5027 m depth.

For a more complete account on the number of studies of deep-sea meiofauna in 
the Americas, see Rosli et al. (2018).

4.3.1.6  Gulf of California (Fig. 4.10)

Along with the Peru Trench, the Gulf of California has witnessed the description of 
an important number of new deep-sea species of harpacticoids found in sediment 
samples taken during several oceanographic cruises of the TALUD project (Gómez 
and Morales-Serna 2012; Zamorano et al. 2014) (Tables 4.1 and 4.2, Figs. 4.1, 4.2, 
and 4.10). Gómez and Conroy-Dalton (2002) and Gómez and Díaz (2017) presented 
the description of three new species of three genera of the family Ancorabolidae, 
Gómez (2018a, d) gave the description of one new species of one genus of the fami-
lies Ameiridae and Rhizothrichidae, Gómez (2018b, c) presented five new species 
of three genera of the family Argestidae, and Gómez and Cruz-Barraza (2020) and 
Gómez (2020a, b) reported on six new species of five genera of the subfamily 
Stenheliinae Brady, 1880 (Miraciidae). Additionally, Gómez and Morales-Serna 
(2012) reported on the presence of an undetermined number of unidentified species 
of 23 genera in 12 families.

S. Gómez and K. I. Rivera-Sánchez
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4.3.1.7  Northeastern Pacific (Fig. 4.11)

Studies on the harpacticoid fauna from the northeastern Pacific by Thistle et  al. 
(2007) and Easton and Thistle (2016) revealed the presence of 13 species of 8 gen-
era and 6 families whose identity awaits confirmation (Table 4.2) along with a num-
ber of unidentified species of several genera of the families Aegisthidae, Ameiridae, 
Argestidae, Canthocamptidae, Zosimeidae, Ectinosomatidae, Miraciidae, 
Neobradyidae, and Pseudotachidiidae, as well as some material of uncertain affini-
ties within Harpacticoida. Only two free-living species of harpacticoids have been 
described originally from the northeastern Pacific, Uptionyx verenae Conroy- Dalton 
and Huys, 2000 (Tables 4.1 and 4.2, Figs. 4.1 and 4.11) from hydrothermal vents 
(Conroy-Dalton and Huys 2000) and Echinocletodes voightae George and Müller, 
2013 (Tables 1 and 2, Figs. 4.1 and 4.11) from the Gorda Ridge (George and Müller 
2013). Additionally, Humes and Voight (1997) reported the parasitic Cholidya 
polypi (Table 4.2, Fig. 4.11) on the deep-sea octopus Graneledone boreopacifica 
Nesis, 1982 and on an unidentified species of the same genus—Graneledone sp. A 
in Humes and Voight (1997). Huys (2016) gave a complete account on the taxo-
nomic history and some interesting notes on tisbid harpacticoids of the subfamily 
Cholidyinae Boxshall, 1979 that utilize deep-sea octopuses as hosts.

Fig. 4.10 Published records (gray literature excluded) of deep-sea harpacticoids from the Gulf of 
California. For correspondence of number of species, coordinates, depths, and references, see also 
Tables 4.1 and 4.2
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In her PhD dissertation, Sedlacek (2007) presented a species list from the conti-
nental slope off central California (3607 m depth) with 67 species distributed in 44 
genera (some of which require confirmation) and 13 identified families and 1 
unidentified family.

4.3.1.8  Campos Basin and Continental Slope off Sergipe, Brazil 
(Fig. 4.12)

Few records of deep-sea harpacticoids from off Brazil are available. In her disserta-
tion on the distribution and ecology of deep-sea harpacticoids from off Sergipe, 
Vasconcelos (2008) recorded 42 genera and species, of which 2 of them were pub-
lished some years later, Keraia longiseta (Vasconcelos, George and Santos, 2008) 
and Emertonia minor (Vasconcelos, Veit-Köhler, Drewes and Parreira dos Santos, 
2009) (Tables 4.1 and 4.2, Figs. 4.1 and 4.12) found at 492 m depth (Vasconcelos 
et al. 2008, 2009). Also, as a result of the multidisciplinary environmental research 
project “Campos Basin Deep-Sea Environmental Program” financed by Petrobras, 
Wandeness et  al. (2009) described three species of the genus Echinopsyllus, 
E. brasiliensis Wandeness, George and Santos, 2009 and E. nogueirae Wandeness, 

Fig. 4.11 Published records (gray literature excluded) of deep-sea harpacticoids from the 
Northeastern Pacific. For correspondence of number of species, coordinates, depths, and refer-
ences, see also Tables 4.1 and 4.2
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George and Santos, 2009 found at 750 m depth and E. grohmannae Wandeness, 
George and Santos, 2009 found at 1,050 m depth (Tables 4.1 and 4.2, Figs 4.1 and 
4.12). Some years later, George et al. (2013) described Polyascophorus monocera-
tus George, Wandeness and Santos, 2013 found in sediment samples from the 
Grussaí Canyon (Campos Basin) at 1000  m depth (Tables 1 and 2, Figs.  4.1 
and 4.12).

Ecological surveys of meiofauna with extensive collections of deep-sea harpac-
ticoids from off Brazil have been carried out by Netto et  al. (2005) without any 
comments on its taxonomic composition.

Fig. 4.12 Published records (gray literature excluded) of deep-sea harpacticoids from Campos 
Basin and Continental Slope of Sergipe, Brazil. For correspondence of number of species, coordi-
nates, depths, and references, see also Tables 4.1 and 4.2
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4.3.1.9  Beaufort Sea (Fig. 4.13)

Very little is known about the harpacticoid fauna of the Beaufort Sea. One species 
of a new genus, Expansicervinia glacieria Montagna, 1980 (found at 3575 m and 
3386 m depth), and one species of Cervinia Norman, 1878, C. unisetosa Montagna, 
1980 (Aegisthidae) (found at 2325 m depth), and two species of Pseudotachidius 
Scott T., 1898 (Pseudotachidiidae) found at 659 m depth, P. bipartitus Montagna, 
1980, and P. brevisetosus Montagna, 1980, were described from sediment samples 
taken during a USCGC GLACIER cruise off the northeastern coast of Alaska con-
ducted by the Oregon State University in 1977 (Montagna 1980a, b) (Tables 4.1 and 
4.2, Figs. 4.1 and 4.13). Additionally, Montagna (1979) reported Cervinia magna 
Smirnov, 1946 from the same area at depths ranging from 25 m to 355 m (Table 4.2, 
Fig. 4.13). Montagna and Carey (1978: 119) presented a list of the harpacticoid spe-
cies found in a wide depth range in the Beaufort Sea. They (Montagna and Carey 
1978) identified 41 different taxa of which 28 are nominotypical species. Within the 
most abundant species listed by Montagna and Carey (1978), only eight species 
were found at depths of >200 m. These are Bradya typica Boeck, 1873, found at 
about 350 m depth; Harpacticus superflexus Willey, 1920, found in a wide depth 
range from 0.0  m to 400 m, as well as at 700 m, 1000 m, and 2000  m depth; 
Paranannopus echinipes Smirnov, 1946, found in a wide depth range from 0.0 m to 
about 130 m depth and at about 350 m depth; Cervinia magna Smirnov, 1946, found 

Fig. 4.13 Published records (gray literature excluded) of deep-sea harpacticoids from the Beaufort 
Sea. For correspondence of number of species, coordinates, depths, and references, see also Tables 
4.1 and 4.2
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in a wide depth range from about 20 m to about 120 m and at about 350 m depth; 
Typhlamphiascus lamellifer lamellifer (Sars, 1911), found in a wide depth range 
from about 30 m to 100 m and at 200 m and about 350 m depth; and Amphiascus 
giesbrechti Sars, 1906, Parabradya confluens (Lang, 1936) and Argestes mollis 
Sars, 1910, found at 700 m, 700 m, and 1000 m and 700 m, 1000 m, and 2000 m, 
respectively. Montagna and Carey (1978) did not give the coordinates of their sam-
pling stations and were not included in Fig. 4.13. For an approximate position of the 
sampling stations, see Montagna and Carey (1978: 118, Fig. 1).

4.3.2  Ecology

4.3.2.1  Associations with other Metazoan Species

Harpacticoid copepods are mostly benthic free-living forms, and few genera (e.g., 
Macrosetella Scott. A., 1909, Oculosetella Dahl F., 1895, Miracia Dana, 1846, and 
Distioculus Huys and Böttger-Schnack, 1994 (Miraciidae: Miraciinae), Clytemnestra 
Dana, 1847 and Goniopsyllus Brady, 1883 (Peltidiidae Claus, 1860: Clytemnestrinae 
Scott A., 1909), Microsetella Brady and Robertson D., 1873 (Ectinosomatidae), 
Euterpina Norman, 1903 (Tachidiidae Sars, 1909)) occur in plankton samples. 
Also, about 172 species of 84 genera and 17 families—of which Laophontidae and 
Tisbidae possess most genera and species associated with the highest number of 
metazoan species among harpacticoids—have been reported to be associated with 
invertebrate and vertebrate hosts, with a preference for crustaceans (Huys 2016). 
However, the true nature of such associations is still uncertain, and most probably, 
only few harpacticoid species are genuine parasites (Huys 2016).

Huys and Thistle (1989) described the canthocamptid Bathycamptus eckmani 
from bathyal muds in the Sand Diego Trough. This species is seemingly associated 
with mud balls produced by the cirratulid polychaete Kirkegaardia luticastella.

Within Tisbidae, the subfamily Cholidyinae, with 9 genera and 13 species, is 
composed entirely of parasitic forms, and most species utilize octopodan cephalo-
pods as hosts (Avdeev 2010; Huys 2016). The family Cholidyinae is unique among 
harpacticoids in displaying alternating endoparasitic and ectoparasitic phases in its 
life cycle (López-González et al. 2000). In their description of the parasitic Genesis 
vulcanoctopusi, López-González et al., (2000) described its effects on the tissue of 
its cephalopod host and gave an interesting description of its life cycle. From their 
observations, it seems that the naupliar phases are either benthic or planktonic free- 
living and that the first copepodids (or late nauplii) play a major role in dispersal and 
host location and subsequent infection (the female with well-developed swimming 
legs might also be involved in long-range host location). After infection, the differ-
ent copepodid stages develop inside the host’s tissue, and during the last molt, the 
later copepodid stages remain in contact with the exterior via a transverse slit in the 
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host’s integument from which the adults eventually emerge. López-González et al. 
(2000) suggested that mating may occur at the gills, arms, and mantle of the host. 
Copepods are absent from shallow-water octopods (Humes and Voight 1997), and 
Genesis vulcanoctopusi is the first record of the family Tisbidae infesting deep-sea 
octopods at tropical latitudes (Humes and Voight 1997; López-González et  al. 
2000). Humes and Voight (1997) presented previous records of Tisbidae associated 
with octopods in the North Atlantic, the North Pacific, and Antarctica. Cholidya 
polypi has been reported to be associated with several species of the megaleledonid 
octopod genus Graneledone in the Northeastern and eastern Central Pacific, with 
the bathypolypodid octopod genus Bathypolypus Grimpe, 1921 in the Northeastern 
Atlantic and in the eastern United States, and with the megaleledonid octopod genus 
Tetracheledone Voss, 1955 in the Eastern United States (Humes and Voight 1997). 
Avdeev (2010) described a new parasitic genus and species, Amplipedicola pectina-
tus Avdeev, 2010 found in the gills of Muusoctopus profundorum collected at 500 m 
depth and in the gills of Enteroctopus dofleini collected at 129 m depth from the 
Bering Sea. An extensive account on deep-sea parasitic tisbids that use octopods as 
hosts can be found in Huys (2016).

Siphonostomatoida Burmeister, 1835 is a well-defined order of copepods com-
posed exclusively of parasites or associates of other invertebrate and vertebrate 
hosts (Huys and Boxshall 1991). This order is diagnosed by the presence of a stylet- 
like mandibular gnathobase with a two-segmented palp in some species of the fami-
lies Asterocheridae Giesbrecht, 1899 and Entomolepididae Brady, 1899 or with a 
piston-like rod with teeth on one side of the apical blade and without palp as in the 
families Caligidae Burmeister, 1835 and Dichelesthiidae Milne Edwards, 1840 
(Kabata 1979; Huys and Boxshall 1991; Dojiri and Ho 2013) inside the oral cone 
formed by the labrum and the medially fused paragnaths (labium). For a complete 
description of the mouth cone of caligids (Siphonostomatoida), see Dojiri and Ho 
(2013) and references cited therein. Some harpacticoids of the families Novocriniidae 
Huys and Iliffe, 1998, Superornatiremidae Huys, 1996, Rotundiclipeidae Huys, 
1988, and Peltidiidae, Tegastidae, and Porcellidiidae Boeck, 1865 and the super-
family Tisboidea Stebbing, 1910, all belonging  to the taxon Palinarthra (Seifried 
2003; Mercado-Salas et al. 2019, and references cited therein), display an incipient 
oral cone similar to that of some siphonostomatoid families (see Mercado-Salas 
et al. 2019). Mercado-Salas et al. (2019) presented the description of a deep-sea 
genus and two new species of the family Aegisthidae, Siphonis aureus Mercado- 
Salas, Khodami and Martínez Arbizu, 2019 and Siphonis ruehlemanni Mercado- 
Salas, Khodami and Martínez Arbizu, 2019 from the Clarion-Clipperton Fracture 
Zone. The labrum and labium of these two species form an oral cone that evolved 
independently from that of siphonostomatoid and palinarthran species and are prob-
ably associated with cnidarians or sponges representing an independent coloniza-
tion of deep-sea hosts (Mercado-Salas et al. 2019).
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4.3.2.2  Regional/Long-Range Dispersal and Colonization of the Deep Sea

Meiofauna, which includes harpacticoid copepods among other groups, are inti-
mately associated with the sediment, possess benthic larvae, and display very 
restricted dispersal capabilities (Higgins and Thiel 1988; Boeckner et  al. 2009; 
Giere 2009), in such a way that their “development, morphology and biology all 
seem designed to assure one thing: that the organism never leaves its interstitial 
environment” (Sterrer 1973: 200). Yet, many species are widely distributed along 
continental shorelines, and many shows amphi-oceanic or cosmopolitan distribu-
tion (Foissner 2006; Giere 2009; Cerca et  al. 2018). Two hypotheses have been 
formulated in the past to explain the wide and cosmopolitan distribution of micro-
metazoans in general and of meiofauna in particular. These are briefly men-
tioned below.

The EiE Hypothesis

That diverse types of bacteria could be cultured from almost any type of natural 
material was showed in the early twentieth century by Beijerinck (1913), who 
explained the ubiquitous distribution of particular species of bacteria through the 
“in micro-organisms, everything is everywhere, the environment selects” hypothe-
sis (EiE hypothesis; but see also Foissner 2006). This hypothesis was further 
extended to protozoa and other microbial eukaryotes or protists (Finlay 2002; 
Fenchel and Finlay 2004). Finlay (2002) and Fenchel and Finlay (2004) explained 
the ubiquitous distribution of microbial eukaryotes based on their continuous large- 
scale dispersal as a result of their extremely high abundances—they do not have 
biogeographies, i.e., historical factors are irrelevant for the distribution patterns of 
microbial eukaryotes—with a subsequent low global species richness. Finlay (2002) 
challenged the existence of “endemic” microbial species and argued that the ran-
dom spatial distribution of microbial eukaryotes is ruled by forces that are essen-
tially random, so species maintain consistent patterns of abundance and rarity on a 
global scale. More recently, in his review on the diversity, dispersal, and geographic 
distribution of unicellular organisms, Foissner (2006) extended the EiE hypothesis 
to micrometazoans and also challenged the EiE hypothesis suggesting that vicari-
ance events that separate groups of organisms by geographic barriers (e.g., conti-
nental drift, plate tectonics, etc.), intrinsic characteristics of the species (e.g., limited 
cyst viability), and time, are the major factors for dispersal and provinciality of 
microorganisms. For a more complete review of the EiE hypothesis, see 
Fontaneto (2011).
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The Meiofaunal Paradox

The “meiofauna paradox” (Giere 2009) addresses the problem as to why distant 
areas share similar meiofauna species despite their very limited dispersal abilities 
and how meiofauna species may have bridged vast areas of open ocean between 
continents to colonize disjunct shores in absence of large populations and plank-
tonic larval stages. Alternative dispersal hypotheses have been suggested to account 
for the inconsistency posed by the meiofauna paradox (e.g., dispersal models and 
vicariance-driven hypotheses) (see Cerca et al. 2018). There is, however, evidence 
suggesting that such paradox might not exist—wide distributions are rare and are 
also likely to be the result of stasis or recent speciation and could account for mor-
phological similarity represented by the presence of cryptic species with restricted 
distribution ranges—and that one should focus on morphological similarity as a 
result of evolutionary factors and on marine connectivity (Cerca et al. 2018).

Dispersal and Distribution of Deep-Sea Harpacticoids

Most deep-sea harpacticoid species originally described from the Americas have 
been found only once and are known from their type localities only (Tables 4.1 and 
4.2, Figs. 4.1, 4.2, 4.3, and 4.4). The find and occurrence of these species in their 
type localities only might have to do with high levels of endemism as, for example, 
in deep-sea hydrothermal vents and methane seeps (Tunnicliffe 1992; Van Dover 
et al. 2002; Wolff 2005; Ramírez-Llodra et al. 2007; Bachraty et al. 2009) and sea-
mounts (McClain et  al. 2009; Shank 2010; George 2013; Packmor et  al. 2015; 
Packmor and Riedl 2016), but also with the lack of samplings in vast areas of 
Americas’ deep-sea sediments. On the other hand, only few species originally 
described from a particular site in the Americas have been reported from distant 
localities in the same continent. Dendropsyllus magellanicus was originally 
described from the Strait of Magellan (Punta Arenas, Chile) at 200 m depth (George 
and Schminke 1998) but was found again more than 1000 km away in the Chilean 
Pacific continental slope off Chiloé Island at 296  m depth (George 2006). 
Bathylaophonte pacifica, originally described from deep-sea hydrothermal vents at 
2572 m depth in north of Easter Island (Lee and Huys 1999), was found again more 
than 3000 km away at 2480 m–2500 m depth in the East Pacific Rise (Gollner et al. 
2006, 2007; Zekely et al. 2006). Gómez (2020b) described Diarthropodella prima 
Gómez, 2020 from two sites in the Gulf of California at 1240 m and 1570 m depth, 
separated by 500 km. Haloschizopera abyssi Becker, 1974 described from the Peru 
Trench at 1900 m depth (Becker 1974) was reported by George (2005) from several 
sites at 351 m–550 m depth, 4000 km away in the Straits of Magellan. Gómez and 
Cruz-Barraza (2020) described Wellstenvalia wellsi from several sites at 479 
m–2037 m depth in the west coast of the Baja California Peninsula (eastern Central 
Pacific) separated by a maximum distance of 1000 km and in the Gulf of California 
at depths from 1235 m to 1570 m. Ceratonotus steiningeri George, 2006 was found 
and described from the Angola Basin at 5389 m–5390 m depth (George 2006), and 
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Selenopsyllus antarcticus Moura and Pottek, 1998 was found and described from 
the Antarctic Weddell Sea at 3480 m depth (Moura and Pottek 1998), but in his PhD 
thesis, Mahatma (2008) reported these species in samples from the Pacific Nodule 
Province between the Clarion and the Clipperton Fracture Zone in the northeastern 
Pacific. Interestingly, the presence of Bathylaophonte pacifica in hydrothermal 
vents in north of Easter Island and in the East Pacific Rise might support the hypoth-
esis of the role played by the East Pacific Rise as a center of dispersal for the hydro-
thermal faunas as previously suggested by Bachraty et  al. (2009) and where 
seamounts (George and Schminke 2002; George 2013; Packmor et  al. 2015; 
Packmor and Riedl 2016) and organic falls (Smith et al. 1989, 2015; Distel et al. 
2000; Smith and Baco 2003; Bienhold et al. 2013; Cuvelier et al. 2014; but see also 
Kiel 2016) might play important roles as stepping stones. The role of seamounts in 
the dispersal of meiofauna in the Americas has not been assessed yet, but these for-
mations could play a key role for the dispersal of harpacticoids as shown for the 
harpacticoid fauna of the Great Meteor Seamount (George and Schminke 2002) and 
Seine and Sedlo seamounts in the eastern Atlantic (Büntzow 2011; George 2013; 
Packmor et  al. 2015; Packmor and Riedl 2016). As for regional dispersal, near- 
bottom flows may transport meiofauna and harpacticoid copepods (Fleeger et al. 
1984; Thistle et al. 1999; Boeckner et al. 2009; Menzel et al. 2011) that were sus-
pended as a result of sediment erosion or that entered the water column actively, 
suggesting higher dispersal potential (Cerca et  al. 2018, and references cited 
therein). Near-bottom flows of a few centimeters per second that occur in much of 
the deep sea are too slow to erode the seabed and the meiofauna (Thistle and Levin 
1998; Thistle et al. 2007), but Hagerman and Rieger (1981) found that suspended 
meiofauna may travel up to 10  km per day in subtidal currents that are strong 
enough. For example, the sites of major suspension under abyssal storms are those 
where surface eddy kinetic energy is high and coupled to a strong near-bottom mean 
flow and sufficient mud like the North American Basin under the Gulf Stream sys-
tem (see also Gross and Williams 1991) and the Argentine Basin under the conflu-
ence of the Falkland and Brazil currents, among others, some of which are also 
regions of maximum turbidity in the ocean basins (Hollister and McCave 1984). On 
the other hand, the presence of, for example, Diarthropodella prima in the west 
coast of the Baja California Peninsula and in the Gulf of California might be due to 
a combination of dispersal during the marine incursions within the Proto-Gulf of 
California and its geological history (Ledesma-Vázquez 2002; Ledesma-Vázquez 
et al. 2009). However, the problem persists as to how genetic continuity is main-
tained between populations separated by 1000 km of open space. Easton and Thistle 
(2016) argue that if some deep-sea harpacticoids are suspended and stay in the 
water column for different amounts of time, the individuals could return to the sedi-
ment in different relative positions, creating the opportunity for genetic mixing, and 
depending on the strength of the current, harpacticoids could be transported tens of 
kilometers in days or weeks, and thus benthic storms could contribute to genetic 
continuity (Easton and Thistle 2016). Bottom currents may play an important role 
in the dispersal of some species of the genus Mesocletodes throughout the South 
and North Atlantic, southern Ocean, Southern Indian Ocean, Pacific Ocean, and 
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eastern Mediterranean Sea (Menzel et  al. 2011). However, Menzel et  al. (2011) 
noted that many Mesocletodes species displayed high degrees of variability in seta-
tion of swimming legs, total body length and caudal rami, and number and shape of 
spinules on the body and appendages which may be indicative of the presence of 
different morphological groups or cryptic species.

Some deep-sea harpacticoid species from the Americas display wide distribu-
tions, and few could be considered cosmopolitan. The primary planktonic 
Microsetella norvegica (Boeck, 1865) and Microsetella rosea (Dana, 1847) reported 
from the Americas by Gollner et al. (2015b) and Gómez and Morales-Serna (2012) 
occur worldwide. Similarly, Robertsonia knoxi (Thompson I.C. and Scott A., 1903) 
known from Bermuda Islands, Algeria, Egypt, and Sri Lanka (see Lang 1948) has 
been found also in sediment samples from off North Carolina (Coull 1973c). On the 
other hand, some species recorded in the different regions of the Americas consid-
ered here (Table 4.2) have been previously described or reported from other distant 
localities.

According to our records, 13 nominotypical species of deep-sea harpacticoids 
are known from the Beaufort Sea (Montagna and Carey 1978; Montagna 1979, 
1980a, b). Of these, five species have been originally described from the Beaufort 
Sea (Tables 4.1 and 4.2), but the harpacticoid fauna from this region seems to have 
strong affinities with the fauna from northern Europe (see below). Among the eight 
remaining species, Cervinia magna and Paranannopus echinipes Smirnov, 1946 
were described from the Arctic Ocean (Smirnov 1946); Bradya typica Boeck, 1873 
displays a wide distribution including Greenland, Franz Josef Land, Iceland, 
 northern Europe, North America, and the Kara Sea (see Lang 1948: 224); 
Harpacticus superflexus Willey, 1920 is distributed in the Kara Sea, Franz Josef 
Land, Greenland, and Canada (see Lang 1948: 332); Typhlamphiascus lamellifer 
(Sars, 1911) is known from Iceland, northern Europe, and the Barents Sea (see Lang 
1948: 712); Amphiascus giesbrechti Sars, 1906 is known to be present in Greenland 
and northern Europe (see Lang 1948: 689); Parabradya confluens (Lang, 1936) is 
known from Svalbard (see Lang 1948: 229); and Argestes mollis Sars, 1910 is 
known from northern Europe (see Lang 1948: 1317; George 2008).

The deep sea off Brazil seems to harbor two alien species (Menzel et al. 2011), 
Mesocletodes bathybia Por, 1964 originally described from off Rosh Hanikra 
(Israel), eastern Mediterranean, at about 468 m depth (66 fathoms) (Por 1964), and 
Mesocletodes bicornis Menzel and George, 2009 described from the Angola Basin 
(Menzel and George 2009).

The deep-sea harpacticoid fauna from the eastern Central Pacific seems to be 
composed of an amalgam of species known from several parts of the globe. Gollner 
et al. (2015b) reported a presumably closely related species of Argestes angolaensis 
George, 2008—originally described from the Angola Basin (George 2008)—as 
well as the cosmopolitan Microsetella norvegica, from the East Pacific Rise. 
Sarsamphiascus varians (Norman & Scott T., 1905) was originally described from 
the southern United Kingdom (Norman and Scott 1905) and was subsequently 
found in several sites in Northern Europe (see Lang (1948)); Gollner et al. (2015a, 
b) reported on a similar species from the East Pacific Rise. Bathylaophonte pacifica 
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was described from the north of Easter Island at 2572 m depth (Lee and Huys 1999) 
and was found again in the East Pacific Rise by Zekely et al. (2006), Gollner et al. 
(2006), and Gollner et al. (2007). Xylora bathyalis Hicks, 1988 from New Zealand 
was found in samples from the East Pacific Rise (Gollner et al. 2006, 2007). Menzel 
(2011) and Menzel et al. (2011) commented on the wide distribution of Mesocletodes 
elmari Menzel, 2011 (see Menzel et al. (2011: 845, Table 2) and Menzel (2011: 41, 
Fig. 4.1, 43, Table 4.1)); the species was found again in the eastern Central Pacific 
(Menzel et al. 2011). The parasitic Cholidya polypi, originally described from the 
southwest coast of Ireland parasitizing the octopodan Bathypolypus ergasticus 
(Fischer P. and Fischer H., 1892) (Farran 1914), has been found to be attached to 
several octopodan host species from off Oregon, off North Carolina, off New Jersey, 
off Florida, and off central California (Humes and Voight 1997).

The eastern United States is home to 58 species of deep-sea harpacticoids. Of 
these, eight species have been described originally from off North Carolina (Coull 
1973a, b, c, d), and one species was described from off New Jersey in the northwest-
ern Atlantic. The remaining harpacticoid fauna is composed of, or have some affini-
ties with:

 1. Arctic forms (Cervinia magna, Cerviniella mirabilipes Smirnov, 1946, 
Cerviniopsis gorbunovi Smirnov, 1946, Eurycletodes (Eurycletodes) gorbunovi 
Smirnov, 1946, Eurycletodes (Oligocletodes) hoplurus Smirnov, 1946, 
Eurycletodes (Oligocletodes) monardi Smirnov, 1946, Eurycletodes 
(Oligocletodes) echinatus Lang, 1936, Mesocletodes dolichurus Smirnov, 1946, 
Mesocletodes abyssicola (Scott T. and Scott A., 1901), Metahuntemannia gorbu-
novi Smirnov, 1946, Metahuntemannia spinosa (Klie, 1939), Keraia tamara 
(Smirnov, 1946), Dactylopodopsis dilatata Sars, 1911, Paramphiascella inter-
media (Scott T., 1897), with records from the Ellesmere Island in the Canadian 
Arctic Archipelago (see Lang 1948))

 2. Northern European forms (Cerviniopsis longicaudata Sars, 1903; Eurycletodes 
(Oligocletodes) major Sars, 1909; Mesocletodes irrasus (Scott T. and Scott A., 
1894); Mesocletodes robustus Por, 1965; Mesocletodes soyeri Bodin, 1968, 
Mesocletodes crassa (Por, 1965), Paradactylopodia brevicornis (Claus, 1866), 
also with records in the Mediterranean and North America (see Lang 1948); 
Amphiascoides debilis (Giesbrecht, 1881), with some records in eastern Canada 
(see Lang 1948); Amphiascopsis cinctus (Claus, 1866), with some records in the 
Mediterranean, eastern United States, Sri Lanka, Indonesia, and New Zealand 
(see Lang 1948); Haloschizopera pygmaea (Norman and Scott T., 1905); 
Sarsamphiascus parvus (Sars, 1906), with some records from eastern United 
States and Bermuda Islands (see Lang 1948); Marsteinia bozici (Bodin, 1968); 
Marsteinia similis (Drzycimski, 1968); Pseudocletodes vararensis Scott T. and 
Scott A., 1893; Pseudomesochra media (Sars, 1911); Pseudomesochra similis 
Lang, 1935; Pseudotachidius vikingus Drzycimski, 1968; Rhizothrix gracilis 
(Scott T., 1903); Cholidya polypi (see above); Zosime atlantica Bodin, 1968; 
Zosime cf. incrassata incrassata Sars, 1910 (Coull 1973c); Zosime paramajor 
Bodin, 1968; and Zosime typica Boeck, 1873)
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 3. Mediterranean forms (Eucanuella aff. reticulata Soyer, 1970 (Coull 1973a), 
Mesocletodes katharinae Soyer, 1964, Metahuntemannia drzycimskii Soyer, 
1970, Diarthrodes aegideus (Brian, 1927), Amphiascus soyeri (Lang, 1965), 
Robertgurneya rostrata (Gurney, 1927), with some records from the eastern 
United States (see (Lang 1948))

 4. The fauna from the Red Sea (Cletodes yotabis Por, 1967)
 5. Forms of the southern Indian Ocean (Dactylopusia spinipes Brady, 1910)

Prior to 2002, no records of deep-sea harpacticoids were available from the Gulf of 
California. In addition to the records of the ubiquitous Microsetella rosea from the 
Gulf of California by Gómez and Morales-Serna (2012) (see also Lang (1948) for a 
more complete list of records worldwide), 16 species have been described from this 
region. The affinities of the deep-sea harpacticoid fauna from the Gulf of California 
is not clear yet, but some sort of affinities seem to exist with the fauna from northern 
Europe (Gómez and Conroy-Dalton 2002), the San Diego Trough (Gómez and Díaz 
2017), the Angola Basin (Gómez 2018a, c), and probably Mozambique (Gómez 
2018d) and the eastern Mediterranean and northern Europe (Gómez 2018b).

Only two species have been described from the Gulf of Mexico, Pentacletopsyllus 
montagni and Smacigastes methanophilus. Most records of deep-sea harpacticoids 
from the Gulf of Mexico appear in an ecological survey (Plum et al. 2015) and in a 
technical report (Brooks et al. 2009). The deep-sea harpacticoid fauna from the GM 
seems to bear some affinities with the fauna from (1) northern Europe (and probably 
with the Mediterranean fauna) (Ameira longipes Boeck, 1865, with records from 
eastern Canada (see Lang 1948); Ameiropsis mixta Sars, 1907, Proameira dubia 
(Sars, 1920)/simplex (Norman and Scott T., 1905), Cletodes longicaudatus (Boeck, 
1872), with records from the Mediterranean and from eastern United States (see 
Lang 1948); Archesola typhlops (Sars, 1908), Amphiascoides neglectus (Norman 
and Scott T., 1905), with records from the Mediterranean (see Lang 1948); 
Amphiascus parvulus (Claus, 1866), with records from the Mediterranean, from the 
eastern United States and Bermuda Islands (see Lang 1948); Delavalia gundulae 
(Willen, 2003), with records from the southwestern Pacific, Papua New Guinea), (2) 
New Zealand (X. bathyalis.), and (3) the Peru Trench (Psammis longipes 
Becker, 1974).

The northeastern Pacific harbors 14 free-living and 1 parasitic species. Of these, 
only two species, Uptionyx verenae and Echinocletodes voightae, have been 
described from this region. Except for the parasitic Cholidya polypi reported in 
Humes and Voight (1997) attached to the octopodan genus Graneledone, the iden-
tity of all other free-living harpacticoids is uncertain. However, the deep-sea harpac-
ticoid fauna of this region seems to have some affinities with the fauna (1) from 
Northern Europe (e.g., Mesocletodes irrasus, Cletodes latirostris Drzycimski, 1967, 
Cletodes longicaudatus, Marsteinia similis, Zosime atlantica, Zosime incrassata 
incrassata), (2) from the Mediterranean (e.g., Eurycletodes (Eurycletodes) petiti 
Soyer, 1964, Eurycletodes ephippiger Por, 1964), (3) from off Portugal (e.g., 
Marsteinia ibericus (Becker, 1974)), (4) from the Angola Basin (e.g., Nematovorax 
gebkelinae Bröhldick, 2005), (5) from the Kerguelen Islands (e.g., Antarcticobradya 
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tenuis (Brady, 1910), and (6) from the Peru Trench (Pseudotachidius abyssalis 
Becker, 1974).

The Southeast Pacific has witnessed the description of 30 new species of 10 
families (Tables 4.1, 4.2, Fig. 4.3). The only new record is that of Dendropsyllus 
magellanicus by George (2006); this species was originally described from the 
Straits of Magellan (George and Schminke 1998).

To the best of our knowledge, only three species have been described from south-
ern South America, Dendropsyllus magellanicus, Laophontodes sabinegeorgeae, 
and Laophontodes gertraudae. The deep-sea harpacticoid fauna of this region is, as 
in other regions, a mixture of species already reported/described from distant locali-
ties: the Arctic (e.g., Eurycletodes (Oligocletodes) monardi, 
Eurycletodes(Oligocletodes) oblongus Sars, 1920, Fultonia sarsi (Smirnov, 1946), 
Mesocletodes abyssicola), the Mediterranean (Fultonia bougisi Soyer, 1964), 
Northern Europe (Mesocletodes soyeri, Cletodes latirostris, Stylicletodes longicau-
datus (Brady, 1880), Stylicletodes oligochaeta Bodin, 1968, Haloschizopera exigua 
(Sars, 1906), Sarsamphiascus minutus (Claus, 1863), Pseudomesochra longifurcata 
Scott T., 1902), Central California (Enhydrosoma hopkinsi Lang, 1965), the eastern 
United States (Amphiascoides subdebilis (Willey, 1935)), and the Peru Trench 
(Haloschizopera abyssi).

The occurrence of wide, cosmopolitan, and eurybathic distributions has been 
addressed by Bik et al. (2012) and Cerca et al. (2018). Bik et al. (2012) showed that 
some deep-sea taxa display eurybathic ranges and cosmopolitan distributions, but 
the majority seem to be regionally restricted and seem to fit Foissner’s (2006) view 
(see above). Similarly, Cerca et al. (2018) showed that wide distributions are rather 
rare and are likely the result of morphological stasis, parallelism, convergence, or 
recent speciation of cryptic species with a more restricted distribution, but also of 
the lack of accumulation of morphological differences between reproductively iso-
lated species. Widely distributed, cosmopolitan, and eurybathic species are also 
present in Harpacticoida. For example, Montagna (1979) and Montagna and Carey 
(1978) found Cervinia magna and Harpacticus superflexus at depths ranging from 
25 m to 355 m and from 0 m to 2000 m, respectively, in the Beaufort Sea, and 
George (2018) found Laophontodes gertraudae in samples taken from the Chilean 
Patagonian continental slope at depths of 105 m and 2550 m. On the other hand, the 
presence of a species similar to the shallow-water Sarsamphiascus varians, known 
from northern Europe, in deep-sea samples from the East Pacific Rise (Eastern 
Central Pacific) (Gollner et  al. 2015a, b), and the presence of species similar to 
Mesocletodes irrasus, Cletodes longicaudatus, and Zosime incrassata incrassata, 
known from shallow-water situations in northern Europe, in the deep sea off central 
and northern California (Thistle et  al. 2007; Easton and Thistle 2016) might be 
indicative of morphologically similar but reproductively isolated species.

The presence of widely or cosmopolitan species of harpacticoid copepods has 
always been controversial and “provide a roadmap for future research, suggesting a 
focus on morphological similarity and marine connectivity” (Cerca et  al. 2018). 
Also, apparent wide distributions are likely the result of the presence of cryptic spe-
cies and recent speciation (Cerca et  al. 2018) but could also be indicative of 
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speciation processes taking place at this very moment as a result of loss of genetic 
diversity driven by a variety of sources of chronic stress in the deep sea that could 
lower genetic diversity by eliminating less fit phenotypes and their associated geno-
types (Street and Montagna 1996 and references cited therein). Street and Montagna 
(1996) found that the loss of mitochondrial haplotype diversity was linked to the 
presence of oil platforms in shallow areas of the Gulf of Mexico, and in their study 
on the effects of a xenobiotic on the genetic diversity of the ameirid Nitokra lacus-
tris lacustris (Schmankevitsch, 1875), Street et al. (1998) observed that populations 
that encounter a novel environment can lose genetic diversity through intense direc-
tional selection leading to a gene pool dominated by relatively few genotypes.

The past decade has witnessed important advances in the study of the role of the 
interaction of genes in the mitochondrial and nuclear genomes in reproductive isola-
tion and speciation. It is widely accepted that the successful coupling of the oxida-
tive phosphorylation and energy production, among other biological functions 
(Rawson and Burton 2002; Wolff et al. 2014; Hill 2015), depends on the precise 
coordination of these genes, that mitonuclear allelic variation is under strong selec-
tion pressure, and that mitonuclear incompatibilities constitute intrinsic reproduc-
tive barriers and promote speciation through hybrid breakdown and postzygotic 
reproductive isolation and speciation (Ellison and Burton 2008; Barreto and Burton 
2013; Wolff et al. 2014; Hill 2015; Hui 2018). Natural populations may undergo 
coadaptation in response to differences of their genetic backgrounds due to genetic 
drift or to selection for adaptation to local environments (Rawson and Burton 2002), 
but are most likely population-specific because each population is exposed to differ-
ent spatial and temporal regimes of natural selection (Wolff et al. 2014; see also Hill 
2015). “Adaptation to environmental conditions is a topic intimately connected to 
speciation” (Hill 2015: 1923) and is of particular interest for the study of speciation 
and diversity in extreme environments of the deep sea such as cold seeps, hydrother-
mal vents, and hydrothermal seeps (Joseph 2017) where organisms must be adapted 
to extreme pressure, limited light, and cold temperatures, among other factors. Cold 
seeps are characterized also by the release of methane and hydrogen sulfide. 
Hydrothermal vents are characterized by the absence of photosynthesis and by 
superheated water saturated with toxic chemicals through volcanic activity along 
spreading ridges. Hydrothermal seeps display a mix of characters typical for cold 
seeps and hydrothermal vents (Joseph 2017). Despite their extreme conditions, cold 
seeps and hydrothermal vents harbor a great variety of organisms adapted, for 
example, to hydrogen sulfide, methane, and other hydrocarbon-rich minerals typical 
for cold seeps and to overheated waters, presence of hydrogen sulfide, and heavy 
metals typical for hydrothermal vents (Minic et al. 2006; Joseph 2017) or to a mix 
of these extreme conditions in hydrothermal seeps (Joseph 2017). The mechanisms 
responsible for the loss of genetic diversity and mitonuclear incompatibilities that 
lead to hybrid breakdown and postzygotic reproductive isolation and further specia-
tion are not well understood, but the directional selection driven by all these sources 
of severe stress in extreme environments of the deep sea is likely to trigger such 
mechanisms which are likely fueled also by time and intrinsic traits of species, e.g., 
short generation times in harpacticoid copepods and meiofauna in general, and 
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could explain the high levels of endemism observed in such environments. On the 
other hand, this also raises the question about the true identity of similar forms of 
harpacticoid copepods found in different distant locations with slightly different 
extreme environmental conditions. In other words, do morphologically similar 
forms of harpacticoid copepods, found in different areas with slightly different 
extreme environmental conditions, belong to the same species, or are they com-
plexes of cryptic species? How complex phenotypes originate and diversify? What 
is the role of phenotypic plasticity—the ability of an organism to alter its behavior, 
morphology, and/or physiology in response to changes in environmental conditions 
(Levis and Pfennig 2016; Levis et al. 2018; Perry et al. 2018)—in initiating a mor-
phological novelty or derived trait? Are similar morphological novelties displayed 
by different harpacticoid taxa from remote locations with slightly different extreme 
environmental conditions the result of convergence? The plasticity-first evolution 
(PFE) hypothesis suggests that phenotypic plasticity often produces developmental 
variants that can enhance fitness under stressful conditions and that genetic accom-
modation—the refinement, driven by selection, of a trait from an initial suboptimal 
version through existing quantitative genetic changes—promotes adaptive pheno-
types whose initial state has been modified in its morphological and physiological 
properties and in its environmental sensitivity (Levis and Pfennig 2016; Levis et al. 
2018). Although the PFE might prove useful in trying to understand the forces and 
processes behind evolution and speciation processes in extreme environments of the 
deep sea, the four criteria for testing the PFE and the general framework to evaluate 
it (to know the background information of deep-sea extreme environments, the 
ancestral states of the taxa of interest to identify the most appropriate lineages that 
could serve as ancestral-proxies, and to perform experiments in which the ancestral- 
proxy and the derived lineages are cultured and subject to conditions similar to 
those of hydrothermal vents or cold seeps) as proposed by Levis and Pfennig (2016: 
566–568)—and already performed by Levis et al. (2018) in spadefoot toads of the 
genus Spea Cope, 1866—are difficult to meet in studies on speciation processes and 
diversity of deep-sea fauna in general and of meiofauna and harpacticoid copepods 
in particular but undoubtedly open new venues of future research.
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Chapter 5
Updated Checklist of Deep-Sea Amphipods 
(Amphilochidea and Senticaudata) 
from Western Mexico, NE Pacific Ocean

I. Winfield, M. E. Hendrickx, and M. Ortiz

Abstract An updated checklist of deep-sea Amphilochidea and Senticaudata 
amphipods (excluding the caprelloids) documented for Western Mexico, in the NE 
Pacific, from bathyal to hadal zones (210–6000 m) is presented. Depth range, geo-
graphic distribution, and references are provided. A total of 118 deep-sea species 
have been reported from the area, grouped in 66 genera, 30 families, and 2 subor-
ders. The suborder Amphilochidea is highly diverse with 110 species, 62 genera, 
and 27 families; in contrast, suborder Senticaudata includes 8 species, 4 genera, and 
3 families. The most diversified amphipod families are Phoxocephalidae (12 genera, 
18 species), Synopiidae (7 and 16), Oedicerotidae (4 and 14), Ampeliscidae (2 and 
12), and Tryphosidae (6 and 10). The Western Mexico borderland includes 94 spe-
cies, the Gulf of California 3, and the SW Mexican Pacific 5; in addition, Ampelisca 
pacifica, Epimeria morronei, Leucothoe spinicarpa, Aruga oculata, Heterophoxus 
oculatus, Metaphoxus frequens, and Hippomedon propinquus inhabit both the bor-
derland and the Gulf of California. Stephonyx californiensis occurs in both the Gulf 
of California and the SW Mexican Pacific. Five species, Eyakia calcarata, Synopia 
scheeleana, Stephonyx laqueus, Bonnierella linearis, and Bonnierella californica, 
have been documented in the borderland and in the SW Mexican Pacific. Ampelisca 
romigi, Byblis veleronis, and Trischizostoma unam inhabit all three areas. Species 
numbers are very dissimilar according to depth, with 94% (111 species) in the 
bathyal zone vs. only 3 species in the abyssal zone and one species in the hadal zone.
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5.1  Introduction

The order Amphipoda represents a group of peracarid crustaceans that mostly 
inhabits the marine environment worldwide. They have successfully occupied sedi-
mentary ecosystems of the continental margin and the abyssal plain as members of 
the benthic and suprabenthic communities (Barnard and Karaman 1991; Mees and 
Jones 1997). These environments included deltaic systems, calcareous and soft bot-
toms of the continental shelf and slope, submarine canyons, and abyssal plain 
(Bellan-Santini 1999; Cartes et al. 2001), where the amphipods constitute one of the 
most diverse, numerous, and dominant groups of the macrofauna (Bachelet 
et al. 2003).

Their morphological and physiological adaptations have led to species diversifi-
cation in both the pelagic and benthic realms. The amphipods exhibit a wide range 
of lifestyles, from inquilines and tube-dwellers, to infaunal sediment burrowers, 
nestlers, suprabenthic swimmers, and free-ranging plankters (Thurston 1990; 
Thomas 1992). According to Lowry and Myers (2017), most marine amphipods are 
benthic detrital, deposit, and suspension feeders. Other species, however, are preda-
tors and scavengers, and fewer species are parasitoids. Thurston (1990) has shown 
that necrophagous lysianassoids occur in large numbers on the abyssal seafloor and 
feed there exclusively, but can be found 1000 m or more up into the water column.

Until 2017, the amphipods included almost 10,000 species, grouped in 1618 
genera, 223 families, and 5 suborders: Pseudingolfiellidea, Hyperiidea, 
Colomastigidea, Hyperiopsidea, Senticaudata, and Amphilochidea (Lowry and 
Myers 2017). Families recognized as exclusively found in the very deep sea 
(>3000  m depth) included Thurstonellidae, Cyphocarididae, Vitjazianidae, 
Cebocaridae, Cyclocaridae, Thoriellidae, Alicellidae, and Valettiopsidae (Horton 
2004; Horton and Thurston 2009, 2011; Horton et al. 2013). Thurston (2000) char-
acterized other ten families as common in the deep sea (>200 m depth) worldwide: 
Amathillopsidae, Ampeliscidae, Aristiidae, Lepechinellidae, Calliopiidae, 
Epimeriidae, Eusiridae, Iphimediidae, Ischyroceridae, Lysianassoidea, 
Leucothoidae, and Phoxocephalidae. These families represent about 1% of species 
of amphipod worldwide.

Several authors have described new species and made major additions to the list 
of deep-sea amphipod species and families in the world oceans; E. Dahl, E.L. Mills, 
J.L. Barnard, G.O. Sars, E. Chevreux, T.R.R. Stebbing, K.H. Barnard, K. Stephensen, 
A.  Schellenberg, J.M.  Pirlot, E.F.  Gurjanova, M.  Ledoyer, M.  Thurston, and 
T. Horton (see contributions in Thurston 2000, 2001). Others have contributed spe-
cifically to our knowledge of the deep-sea amphipod fauna of the Northeastern 
Pacific Ocean, from the United States of America to Baja California Sur, Northern 
Mexico. These American and Canadian amphipod specialists have increasing the 
number of new species and new records since 1920s: C.R. Shoemaker, J.L. Barnard, 
E.L. Bousfield, D.R. Laubitz, M.E. Vinogradov, and K.E. Conlan (see supplemen-
tary authors and publications on amphipods of this area in García-Madrigal 2007).
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Although deep-sea amphipods have been recognized as forming a key element in 
the deep-sea communities worldwide, there is no checklist available for Western 
Mexico, in the NE Pacific Ocean. This chapter contributes with an updated checklist 
of deep-sea amphipods (Amphilochidea and Senticaudata) documented for this 
geographic area, based on previous records and recent descriptions of species.

5.2  Material and Methods

A complete list of Amphilochidea and Senticaudata (with the exception of the cap-
relloids) was compiled from published references dealing with the eastern Pacific 
Ocean. The western Mexican Pacific was divided in three geographic zones 
(Fig. 5.1): (1) the western Mexico borderland (the west coast of the Baja California 
Peninsula); (2) the Gulf of California, and (3) the SW Mexican Pacific, from south-
ern Sinaloa to Chiapas. The classification scheme of Lowry and Myers (2017) for 
Amphipoda was followed. The presence of each species in these geographic zones 
has been compiled, together with the depth range on record. For further analysis of 
the bathymetric occurrence of species, the bathyal zone (201–3000 m), the abyssal 
zone (3001–6000  m; also referred to as the abyssal plain), and the hadal zone 
(>6000 m) were considered. The bathyal zone (also known as the continental slope, 
CS) was further divided into the upper (201–1000  m; UCS), the middle 
(1001–2000 m; MCS), and the lower (2001–3000 m; LCS) zones.

Fig. 5.1 Areas considered in this study and number of species of Amphipoda recorded in each 
area. Western Mexico borderland (west coast of the Baja California Peninsula), 94 species; the 
Gulf of California (to the southern limit of the State of Sinaloa), 14 species; and the SW Mexican 
Pacific (from southern Sinaloa to the southern limit of the State of Chiapas), 14 species
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5.3  Results

A total of 118 species of deep-sea Amphilochidea and Senticaudata amphipods, 
grouped in 66 genera, 30 families, and 2 suborders, has been documented in western 
Mexico (Table 5.1). The suborder Amphilochidea was highly diverse with 110 spe-
cies, 62 genera, and 27 families; in contrast, the suborder Senticaudata included 
only 8 species, 4 genera, and 3 families (Table  5.2). At family level, number of 

Table 5.1 Numbers of genera and species of deep-sea amphipod in western Mexico

Family Genera Species Depth zone

Suborder Amphilochidea
1. Acidostomatidae 1 1 Bathyal-LCS
2. Alicellidae 1 1 Bathyal-LCS
3. Amathillopsidae 1 1 Abyssal
4. Ampeliscidae 2 12 Bathyal-ALL-CS
5. Argissidae 1 1 Bathyal-UCS
6. Aristiidae 1 1 Bathyal-LCS
7. Cyphocarididae 1 2 Bathyal-ALL-CS
8. Epimeriidae 1 1 Bathyal-MCS
9. Eusiridae 1 4 Bathyal-UCP-MCS
10. Lepechinellidae 1 2 Bathyal-MCS-LCP
11. Lepidepecreellidae 1 1 Bathyal-MCS
12. Leucothoidae 1 1 Bathyal-UCP-MCS
13. Liljeborgiidae 2 3 Bathyal-UCP-MCS
14. Lysianassidae 2 2 Bathyal-UCP
15. Oedicerotidae 4 14 Bathyal-ALL-CS
16. Pakinidae 1 1 Bathyal-UCP
17. Pardaliscidae 4 5 Bathyal-ALL-CS
18. Phoxocephalidae 12 18 Bathyal-abyssal
19. Pleustidae 1 1 Bathyal-abyssal
20. Stegocephalidae 4 5 Bathyal-abyssal
21. Stenothoidae 2 2 Bathyal-UCP-MCS
22. Synopiidae 7 16 Bathyal-ALL-CS
23. Trischizostomatidae 1 1 Bathyal-MCS
24. Tryphosidae 6 10 Bathyal-abyssal
25. Uristidae 1 2 Bathyal-UCP-MCS
26. Urothoidae 1 1 Bathyal-LCS
27. Vemanidae 1 1 Abyssal
Suborder Senticaudata
28. Aoridae 1 1 Bathyal-UCP
29. Ischyroceridae 1 3 Bathyal-MCS and hadal
30. Photidae 2 4 Bathyal-UCP-LCS

LCS lower continental slope, MCS middle continental slope, UCS upper continental slope, ALL-CS 
throughout the continental slope
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genera and species varied considerably, from 1 to 12 genera and from 1 to 18 spe-
cies. In both cases, the highest values corresponded to the Phoxocephalidae. Most 
families (63%) were represented by 1–2 species only (Table 5.2).

Overall, species of western Mexico with records in deep water (>200 m) have 
been collected between 1 and 6324 m depth (Table 5.1). Depth ranges at which 
these 118 species have been reported in the literature are often surprising, with sev-
eral species found from very shallow to very deep water: e.g., Ampelisca macro-
cephala Liljeborg, 1852, 21–1248  m; A. unsocalae Barnard, 1960, 50–1720  m; 
Rhachotropis ludificor Barnard, 1967, 17–1748  m; Leucothoe spinicarpa s.l. 
(Abildgaard, 1789), 1–1505  m; and Heterophoxus oculatus (Homes, 1908), 
2–1941 m (Table 5.1).

When considering major habitat of the deep-water Amphilochidea and 
Senticaudata amphipods of western Mexico, 105 (88%) were benthic (3 were com-
mensal); 3 were either pelagic-free, pelagic-commensal, or pelagic-demersal 
(Table 5.1); and 4 were scavenger (Table 5.1).

Based on our present knowledge, with 94 recorded species, biodiversity of 
amphipods is markedly higher in the western Mexico borderland compared with 
only 14 species in the Gulf of California and 14 in SW Mexico (Table 5.1). All spe-
cies considered in this study, only Ampelisca romigi, Byblis veleronis, and 
Trischizostoma unam have been found on all three geographic zones (Table 5.1). 
Seven of the 14 Gulf of California species, Ampelisca pacifica, Epimeria morronei, 
Leucothoe spinicarpa, Aruga oculata, Heterophoxus oculatus, Metaphoxus fre-
quens, and Hippomedon propinquus, have also been recorded in the borderland 
area. Stephonyx californiensis is the only species that has been reported only in both 
the Gulf of California and in SW Mexico, while 5 species, Eyakia calcarata, 
Synopia scheeleana, Stephonyx laqueus, Bonnierella linearis, and Bonnierella cali-
fornica, are represented in western Mexico borderland and in SW Mexico 
(Table 5.1).

Distribution of families, genera, and species of Amphilochidea and Senticaudata 
according to depth was analyzed based on the division in bathymetric zones pro-
posed herein (Table  5.3). In western Mexico, a total of 113 species were docu-
mented for the entire bathyal zone (>201 m to 3000 m). A total of 61 species are 
limited to the upper continental slope, of which a sizable number, 27 (44%), are 

Table 5.2 Bathymetric distribution of species of amphipods from bathyal and hadal zones off 
Western Mexico

Depth zone Species Genera Families

Bathyal zone 115 63 27
ALL-CS 49 18 5
UCS 28 24 10
MCS 32 24 10
LCS 13 12 6
Abyssal zone 2 2 2
Hadal zone 1 1 1
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Table 5.3 List of species of amphipods recorded in western Mexico borderland (WM), Gulf of 
California (GC), and SW Mexico (SW) and depth range on record

Family and species WM GC SW Depth (m) Sources

Acidostomatidae
Acidostoma ortum Barnard, 1967 X 2398–

2475/B
Barnard (1967)

Alicellidae
Tectovalopsis fusilus Barnard 
and Ingram, 1990

X 2884/B Barnard and Ingram (1990)

Amathillopsidae
Amathillopsis pacifica margo 
Barnard, 1967

X 3481–
3518/B

Barnard (1967)

Ampeliscidae
Ampelisca amblyopsoides 
Barnard, 1960

X 1123–
1481/B

Barnard (1967)

Ampelisca anversensis Karaman, 
1975

X 500–2000/
B

Brusca and Hendrickx (2005)

Ampelisca eoa Gurjanova, 1951 X 421–3718/
B

Barnard (1967)

Ampelisca furcigera Bulycheva, 
1936

X 21–1248/B Barnard (1967)

Ampelisca macrocephala 
Liljeborg, 1852

X 403–1720/
B

Barnard (1967)

Ampelisca pacifica Holmes, 
1908

X X 20–550/B Barnard (1954) and Brusca and 
Hendrickx (2005)

Ampelisca plumosa Holmes, 
1908

X 813–2667/
B

Barnard (1967)

Ampelisca pugetica Stimpson, 
1864

X 1248–
1292/B

Barnard (1967)

Ampelisca romigi Barnard, 1954 X X X 3–504/B Barnard (1954, 1964a) and 
Brusca and Hendrickx (2005)

Ampelisca unsocalae Barnard, 
1960

X 50–1720/B Barnard (1967)

Byblis teres Barnard, 1967 X 791–842/B Barnard (1967)
Byblis veleronis Barnard, 1954 X X X 5–300/B Barnard (1963), Blake et al. 

(1997), and Brusca and 
Hendrickx (2005)

Argissidae
Argissa hamatipes (Norman, 
1869)

X 4–1096/B Barnard (1967) and Brusca and 
Hendrickx (2005)

Aristiidae
Aristias expers Barnard, 1967 X 2398–

2475/B
Barnard (1967)

Cyphocarididae
Cyphocaris anonyx Boeck, 1871 X 600–1800/

P
Barnard (1967)

(continued)
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Table 5.3 (continued)

Family and species WM GC SW Depth (m) Sources

Cyphocaris faurei K.H. Barnard, 
1916

X 175–2800/
P,C

Schellenberg (1929) and Hurley 
(1963)

Epimeriidae
Epimeria morronei Winfield, 
Ortiz and Hendrickx, 2013

X X 1526–
2093/SC

Winfield et al. (2013)

Eusiridae
Rhachotropis cervus Barnard, 
1957

X 1000/B Barnard (1967)

Rhachotropis clemens Barnard, 
1967

X 92–842/B Barnard (1967) and Blake et al. 
(1997)

Rhachotropis ludificor Barnard, 
1967

X 17–1748/B Barnard (1967)

Rhachotropis multesimus 
Barnard, 1967

X 1720–
1748/B

Barnard (1967)

Lepechinellidae
Lepechinella arctica 
Schellenberg, 1926

X 2667–
2706/B

Barnard (1967)

Lepechinella turpis Barnard, 
1967

X 1205–
2667/B

Barnard (1973)

Lepidepecreellidae
Lepidepecreella charno Barnard, 
1966

X 1895/B Barnard (1966)

Leucothoidae
Leucothoe spinicarpa 
(Abildgaard, 1789)

X X 1–1505/
C,B

Barnard (1963, 1969, 1979) and 
Blake et al. (1997)

Liljeborgiidae
Liljeborgia cota Barnard, 1962 X 366–1821/

B
Barnard (1967)

Idunella albina (Barnard, 1959) X 16–721/B Barnard (1963) and Blake et al. 
(1997)

Idunella goleta (Barnard, 1959) X 12–459/B Barnard (1963) and Blake et al. 
(1997)

Lysianassidae
Aruga oculata Holmes, 1908 X X 20–340/C Hurley (1963)
Socarnes vahlii (Kroyer, 1838) X 8–300/P,D Barnard (1964b)
Oedicerotidae
Aceroides callida Barnard, 1967 X 1095–

1205/B
Barnard (1967)

Aceroides edax Barnard, 1967 X 1095–
1205/B

Barnard (1967)

Bathymedon caino Barnard, 
1967

X 1095–
1205/B

Barnard (1967)

Bathymedon candidus Barnard, 
1961

X 2000–
2398/B

Barnard (1961, 1967)

(continued)
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Table 5.3 (continued)

Family and species WM GC SW Depth (m) Sources

Bathymedon covilhani Barnard, 
1961

X 549–1720/
B

Barnard (1967)

Bathymedon flebilis Barnard, 
1967

X 1748–
2398/B

Barnard (1967)

Bathymedon nepos Barnard, 
1967

X 1748–
2398/B

Barnard (1967)

Monoculodes diversisexus 
Barnard, 1967

X 1720–
1748/B

Barnard (1967)

Monoculodes latissimanus 
Stephensen, 1931

X 344–2398/
B

Barnard (1967) and Blake et al. 
(1997)

Monoculodes necopinus 
Barnard, 1967

X 1720–
1748/B

Barnard (1967)

Monoculodes recandesco 
Barnard, 1967

X 2398–
2475/B

Barnard (1967)

Monoculodes sudor Barnard, 
1967

X 791–842/B Barnard (1967)

Oediceroides morosa (Barnard, 
1966)

X 1095–
1205/B

Barnard (1966, 1967)

Oediceroides trepadora 
(Barnard, 1961)

X 875/B Barnard (1961)

Pakinidae
Prachynella lodo Barnard, 1964 X 791–842/B Barnard (1963, 1967)
Pardaliscidae
Caleidoscopsis copal (Barnard, 
1967)

X 1475–
2398/B

Barnard (1967)

Caleidoscopsis tikal (Barnard, 
1967)

X 1720–
1748/B

Barnard (1967)

Halicoides synopiae Barnard, 
1962

X 52–1748/B Barnard (1963, 1967) and Blake 
et al. (1997)

Nicippe tumida Bruzelius, 1859 X 34–1367/B Barnard (1964a)
Tosilus arroyo Barnard, 1966 X 976–1095/

B
Barnard (1967)

Phoxocephalidae
Cephalophoxoides homilis 
(Barnard, 1960)

X 62–2059/B Blake et al. (1997)

Cephalophoxoides kergueleni 
(Stebbing, 1888)

X 200–2300/
B

Blake et al. (1997)

Eyakia calcarata (Gurjanova, 
1938)

X X 18–695/B Barnard (1960) and Barnard 
and Barnard (1981)

Foxiphalus cognatus (Barnard, 
1960)

X 1–324/B Blake et al. (1997)

Harpiniopsis emeryi Barnard, 
1960

X 344–2800/
B

Barnard (1967) and Blake et al. 
(1997)

Harpiniopsis epistomata 
Barnard, 1960

X 344–2800/
B

Barnard (1967)
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Table 5.3 (continued)

Family and species WM GC SW Depth (m) Sources

Harpiniopsis fulgens Barnard, 
1960

X 128–2667/
B

Barnard (1967) and Blake et al. 
(1997)

Harpiniopsis naiadis Barnard, 
1960

X 338–2800/
B

Barnard (1967) and Blake et al. 
(1997)

Harpiniopsis petulans Barnard, 
1966

X 1265–
1720/B

Barnard (1967)

Harpiniopsis profundis Barnard, 
1960

X 385–2398/
B

Barnard (1967)

Heterophoxus oculatus (Holmes, 
1908)

X X 2–1941/B Barnard (1960) and Brusca and 
Hendrickx (2005)

Hopiphoxus simillimus (Barnard, 
1967)

X 2667–
2706/B

Barnard (1967)

Leptophoxus falcatus (Sars, 
1882)

X 248–1120/
B

Barnard (1967)

Metaphoxus frequens Barnard, 
1960

X X 41–458/B Barnard (1960) and Brusca and 
Hendrickx (2005)

Paraphoxus oculatus (Sars, 
1879)

X 27–2800/B Barnard (1960)

Phoxocephalus kergueleni 
Stebbing, 1888

X 220–2398/
B

Barnard (1967)

Pseudharpinia excavata 
(Chevreux, 1887)

X 425–5110/
B

Barnard (1967)

Rhepoxynius bicuspidatus 
(Barnard, 1960)

X 11–475/B Barnard (1963, 1970) and Blake 
et al. (1997)

Pleustidae
Mesopleustes abyssorum 
(Stebbing, 1888)

X 694–3479/
B

Barnard (1967)

Stegocephalidae
Austrocephaloides camoti 
(Barnard, 1967)

X 791–842/B Barnard (1967)

Parandaniexis mirabilis 
Schellenberg, 1929

X 3479–
3515/B

Barnard (1967)

Pseudo viscaina (Barnard, 1967) X 791–842/B Barnard (1967)
Stegocephalus pajarella 
(Barnard, 1967)

X 1720/B Barnard (1967)

Stegocephalus viscaina 
(Barnard, 1967)

X 791/B Barnard (1967)

Stenothoidae
Metopa samsiluna Barnard, 1966 X 1096–

1620/B
Barnard (1967)

Metopella aporpis Barnard, 1962 X 24–591/B Barnard (1963) and Blake et al. 
(1997)

Synopiidae
Austrosyrrhoe rinconis Barnard, 
1967

X 1095–
1205/B

Barnard (1967, 1972)
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Table 5.3 (continued)

Family and species WM GC SW Depth (m) Sources

Bruzelia ascua Barnard, 1966 X 1687–
1720/B

Barnard (1967)

Bruzelia inlex Barnard, 1967 X 1720–
2398/B

Barnard (1967, 1972)

Ileraustroe ilergetes (Barnard, 
1967)

X 1720–
1748/B

Barnard (1967)

Priscosyrrhoe priscis (Barnard, 
1972)

X 791–1720/
B

Barnard (1967, 1972)

Pseudotiron coas Barnard, 1967 X 2667–
2706/B

Barnard (1967, 1972)

Pseudotiron longicaudatus 
Pirlot, 1934

X 1720–
1748/B

Barnard (1972)

Pseudotiron pervicax Barnard, 
1967

X 1095–
1205/B

Barnard (1967, 1972)

Synopia angustifrons Dana, 1853 X 1095–
1720/B

Barnard (1972) and Barnard 
and Karaman (1991)

Synopia scheeleana Bovallius, 
1886

X X 1095–
1720/B

Barnard (1972) and Barnard 
and Karaman (1991)

Syrrhoites cohasseta Barnard, 
1967

X 1095–
1720/B

Barnard (1972)

Syrrhoites dulcis Barnard, 1967 X 1095–
1205/B

Barnard (1967)

Syrrhoites redox Barnard, 1967 X 1720–
1748/B

Barnard (1967, 1972)

Syrrhoites silex Barnard, 1967 X 1095–
1205/B

Barnard (1967, 1972)

Syrrhoites terceris Barnard, 
1964

X 1609–
1746/B

Barnard (1972) and Barnard 
and Karaman (1991)

Syrrhoites trux Barnard, 1967 X 842–1205/
B

Barnard (1967, 1972)

Trischizostomatidae
Trischizostoma unam Winfield, 
Hendrickx and Ortiz, 2016

X X X 1392–
1420/SC

Winfield et al. (2016)

Tryphosidae
Cedrosella fomes (Barnard, 
1967)

X 3705–
3745/B

Barnard (1967)

Cedrosella perspinis (Barnard, 
1967)

X 1720–
1774/B

Barnard (1967)

Hippomedon denticulatus (Bate, 
1857)

X 924 B–C Barnard (1964a)

Hippomedon propinquus Sars, 
1895

X X 5–1095/
B,C

Barnard (1963, 1970) and 
Hurley (1963)

Orchomenella tabasco (Barnard, 
1967)

X 1720–
1748/B

Barnard (1967)
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Table 5.3 (continued)

Family and species WM GC SW Depth (m) Sources

Pseudonesimus abyssi Chevreux, 
1926

X 2667–
2706/B

Barnard (1967)

Pseudonesimus robustus 
(Barnard, 1967)

X 1720–
1748/B

Barnard (1967)

Pseudonesimus tacita (Barnard, 
1961)

X 791–842/B Barnard (1967)

Thrombasia grabensis (Barnard, 
1967)

X 1720–
1748/B

Barnard (1967)

Tryphosella metacaecula 
(Barnard, 1967)

X 791–842/B Barnard (1967)

Uristidae
Stephonyx californiensis 
Winfield, Hendrickx, and Ortiz, 
2017

X X 1150/SC Winfield et al. (2017)

Stephonyx laqueus (Barnard, 
1967)

X X 330–1850/
SC

Barnard (1967)

Urothoidae
Urothoides inops Barnard, 1967 X 2667–

2706/B
Barnard (1967)

Vemanidae
Vemana lemuresa Barnard, 1967 X 3705–

3745/B
Barnard (1967)

Aoridae
Bemlos edentulus (Barnard, 
1967)

X 791–842/B Barnard (1967)

Ischyroceridae
Bonnierella linearis Barnard, 
1964

X X 6324/B Barnard (1964c) and Barnard 
and Karaman (1991)

Bonnierella californica Barnard, 
1966

X X 1292/B Barnard (1967) and Barnard 
and Karaman (1991)

Bonnierella palenquia Barnard, 
1967

X 1095–
1205/B

Barnard (1967) and Barnard 
and Karaman (1991)

Photidae
Gammaropsis grasslei Soto and 
Corona, 2007

X 2000–
2100/C

Soto and Corona (2007)

Photis brevipes Shoemaker, 
1942

X 1–492/B Shoemaker (1942), Barnard 
(1963, 1969), and Blake et al. 
(1997)

Photis malinalco Barnard, 1967 X 2398–
2475/B

Barnard (1967) and Blake et al. 
(1997)

Photis viuda Barnard, 1962 X 37–400/B Barnard (1964a)

General habitat indicated after depth range
B benthic, C commensal, D demersal, P pelagic, SC scavenger, WP Western Pacific, GC Gulf of 
California, ETP eastern tropical Pacific

5 Updated Checklist of Deep-Sea Amphipods from Western Mexico



138

found exclusively in that depth range. The highest number of continental slope spe-
cies occur in the middle slope (76), of which 34 (45%) are exclusive of that depth 
range. In the lower continental slope, 33 species have been recorded, 10 exclusively 
so (30%). All in all, only 15 species feature a wide distribution range and inhabit 
throughout the continental slope. Some other species exhibit a relatively wide dis-
tribution range, occurring in two of the three continental slope zones: 16 species 
occur in both the upper and middle continental slopes, and 6 species occur in the 
middle and lower continental slopes (Table 5.1). Seven species are found at abyssal 
depths of which four (Amathillopsis pacifica margo, Parandaniexis mirabilis, 
Cedrosella fomes, and Vemana lemuresa) are confined to depths >3000 m. Three 
species, Ampelisca eoa, Pseudharpinia excavata, and Mesopleustes abyssorum, 
inhabit both bathyal and abyssal zones, and Bonnierella linearis is the only species 
reported exclusively in the hadal zone, although the genus also occur in the middle 
continental slope (Table 5.1).

5.4  Discussion

Thurston (2000) characterized 19 families as common (>200 m depth) in the deep- 
sea worldwide; of these, 15 were documented in the present study in the bathyal 
zone: Amathillopsidae, Ampeliscidae, Aristiidae, Epimeriidae, Eusiridae, 
Lepechinellidae, Leucothoidae, Oedicerotidae, Pardaliscidae, Phoxocephalidae, 
Stegocephalidae, Stenothoidae, Synopiidae, Tryphosidae, and Uristidae (Table 5.2). 
Three families, Cyphocarididae, Vemanidae, and Ischyroceridae, have been recog-
nized as occurring mostly in very deep water (>3000 m depth) according to Horton 
(2004), Horton and Thurston (2009, 2011), and Horton et  al. (2013). In western 
Mexico, however, Cyphocarididae and Ischyroceridae have been reported for conti-
nental slope depths (Table 5.1).

Bousfield (2000, 2001) proposed that speciose families groups containing “prim-
itive” swimmers, clingers, and scavengers forms which typically mate in the water 
column are dominant among the North American marine amphipod, while “advan-
tage” forms mating in benthic substratum (burrowers, nestlers, tube-dwellers) are 
less frequent. In the present study, primitive forms (i.e., Phoxocephalidae, 
Synopiidae, Oedicerotidae, Tryphosidae, and Ampeliscidae) were the most diversi-
fied amphipod families in terms of numbers of species and genera in western 
Mexico. Benthic forms, i.e., Amathillopsidae, Vemanidae, and Ischyroceridae, 
dominated in both the abyssal and the hadal zones (Table 5.1).

Number of species and density pattern of benthic amphipods decrease with the 
increase in depth and distance from the shoreline (Bellan-Santini 1990; Thurston 
2000). In the middle continental slope, however, an increase in species richness has 
been documented (Bachelet et  al. 2003; Cartes et  al. 2003) and is linked to the 
increase of organic matter exported from the euphotic zone and the continental shelf 
(Sorbe 1999). In this study, the Amphilochidea and Senticaudata amphipod fauna 
was richer in the upper (61 species) and middle (76) continental slope, with a sharp 
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decrease of richness in the lower continental slope (33) (Table 5.3). Abyssal and 
hadal depths have not been adequately explored in the region, and the very low 
number of species recorded there (seven and one, respectively) is certainly a reflec-
tion of this lack of sampling operations.

Several dominant families and genera considered as primitive groups among 
amphipods (i.e., plesiomorphic calceoli, strongly developed rostrum, dactylus- 
shaped pereopods, loss or reduction of antennal 2 flagellum, setae on pereopods, 
extended coxae) have experienced a successful radiation in shallow waters in the 
high latitudes in the NE Pacific Ocean, colonizing bathyal and abyssal depths, pre-
viously to continental drift (Bousfield 1982; Barnard and Karaman 1991; Thurston 
2000). Subsequently, and based on vicariance events (Barnard and Drummond 
1978; Barnard and Karaman 1991; Jarrett and Bousfield 1994a, b), dispersion and 
speciation towards the rest of the eastern Pacific and the western Atlantic took place. 
The endemism, including the tendency to lose eyes and morphological variations in 
several deep-sea species of the genera Byblis, Bathymedon, Monoculodes, 
Syrrhoites, Synopia, Pseudharpinia, Harpiniopsis, and Hippomedon, has been doc-
umented and constitutes some evidence of colonization in different ocean basins 
and reinforces the hypothesis that Pacific amphipods fauna is dominated by primi-
tive forms (Bousfield 2000).

The difference in the species richness of deep-sea Amphilochidea and 
Senticaudata amphipods observed among the three zones can certainly be attributed 
mainly to the strong variation of the sampling intensity reported by authors during 
the last 50  years (mostly in contributions by J.L.  Barnard, E.L.  Bousfield, and 
C.R. Shoemaker). The amphipods that inhabit the deep sea of the Gulf of California 
and SW Mexico remain essentially unknown due to a lack of intensive survey of the 
continental slope and the abyssal plain in these two areas. Without any doubts, fur-
ther sampling in these areas using proper gear will considerably increase our knowl-
edge on the amphipod biodiversity in western Mexico.
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Chapter 6
Isopoda Epicaridea from Deep Water 
Around North and Central America

J. C. Markham

Abstract A total of 39 species of epicarid isopods, four of these unidentified, are 
recorded from deep water around North and Central America. Most species (27) 
belong to the Bopyridae with 17 genera, including five species of Munidion and at 
least four species of Pseudione. Other families are the Colypuridae (1 sp.), the 
Cryptoniscidae (1 sp.), the Dajidae (9 spp.), and the Entophilidae (1 sp.). Of the 35 
identified species, about half (17) were described in 1930 or earlier, and the rest 
after 1972.

Keywords Deep water · Epicarids · West Atlantic · East Pacific · Diversity  
Distribution

6.1  Introduction

Although there is uncertainty about the proper status of the Epicaridea (see Brandt 
and Poore 2003; Boyko et al. 2013), it is here handled as an infraorder of the subor-
der Cymothoida of the order Isopoda, in accordance with the presentation of the 
online catalog WoRMS. All epicarideans are parasites of other crustaceans, their 
larvae usually infesting copepods and adults found on cirripedes and malacostra-
cans. By far the most specious and widespread family is the Bopyridae, with just 
over 600 currently described species worldwide out of a total of about 700 epicarid-
ean species. All bopyrids are ectoparasites, of calanoid copepods as larvae and of 
decapods as adults. Species in other families parasitize a great diversity of crusta-
ceans, most externally, but several also internally. With very few exceptions, epicari-
deans are marine, and they are rarely found deeper than 200 m in any part of the 
oceans. An exception is the dajid genus Holophryxus, all of species of which, includ-
ing two covered herein, are known only from depths greater than 200 m. For reasons 
not determined, the number of species of bopyrids in the eastern Pacific from Alaska 
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to Chile is far smaller than the number of potential host species would suggest (see 
Markham 1992), with whole subfamilies rare or absent. Nonetheless, two monotypic 
subfamilies, Phyllodurinae in shallow water (Markham 1977b) and Bathygyginae in 
deep water (Markham 2016), are known primarily from the eastern Pacific.

In this tabulation of epicaridean species from depths of 200 m or more in the 
western north Atlantic (including Bermuda and the Gulf of Mexico) and the eastern 
north Pacific (including Hawaii), the total number of identified species is 36; the 
totals by family are Bopyridae 24, Colypuridae 1, Cryptoniscidae 1, Dajidae 9, and 
Entophilidae 1. Half of all species considered, 18, are in the bopyrid subfamily 
Pseudioninae, whose hosts are primarily anomurans, in this case mostly munidids, 
but also some carideans found only in deeper waters.

Many of the species listed are known from only their type-specimens and type- 
localities. This is the case with nine bopyrid species and several of the species 
described by Harriet Richardson in various cited references. Furthermore, the 
descriptions H. Richardson presented are far less complete than desired, though all 
of her type-specimens evidently are still extant in the collections of the Smithsonian 
Institution, so redescriptions would be possible. For example, Butler (1964) rede-
scribed the types of Holophryxus alaskensis Richardson, 1905, in fine detail, identi-
fied its host for the first time, and entered two other species into its synonymy. For 
species described in H. Richardson’s papers, I have converted the recorded depths 
from fathoms to meters and, as necessary, supplemented collection data from other 
sources, such as station-logs of the cruises and ships cited in the descriptions, which 
are accessible online.

6.2  Material and Methods

Names of the epicaridean species have been updated as needed, with all published 
synonyms indicated. Names of the host species have also been updated as needed. 
The authority consulted for the current validity of names of both the epicarideans and 
their hosts is the online catalog World Register of Marine Species, WoRMS (WoRMS 
Editorial Board 2019). Genera and species are ordered alphabetically within their 
respective higher taxa, while families and subfamilies are presented in order from 
those considered to be closest to the ancestral forms to those considered more derived.

6.3  Results

6.3.1  Systematic Section

Infraorder Epicaridea Latreille, 1825
Superfamily Bopyroidea Rafinesque, 1815
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Family Bopyridae Rafinesque, 1815
Subfamily Pseudioninae Codreanu, 1967

 1. Anuropodione carolinensis Markham, 1974

Type-locality. Off coast of North Carolina, USA, West Atlantic, 35°05′N, 
75°11.5′W, 220–260 m. Host: Munida iris A. Milne-Edwards, 1880. References: 
Williams and Brown (1972), Markham (1974a). Other localities. Norfolk Canyon, 
off coast of North Carolina, USA, West Atlantic, 36°56′ to 37°09′N, 75°09′ to 
74°33′W and 36°36′ to 37°09′N, 75°06′ to 74°33′W, 83–662 m. Host: Munida iris. 
Reference: Wenner and Windsor (1979). Range outside of region. Potiguar Basin, 
Brazil. Host: Munida iris. Reference: Alves-Júnior et al. (2019).

 2. Aporobopyrina anomala Markham, 1974

Type-locality. Off coast of Colombia, Caribbean, 12°40′N, 72°00′W, 620- 
M. erinaceus 660  m. Host: Munida valida Smith, 1883. Reference: Markham 
(1974a). Other localities. Northwest Gulf of Mexico, 27°38′N, 95°22′N, 
490–640 m, and 27°35′N, 95°23′W, 730 m. Host: M. valida. South of Marquesas 
Keys, Florida, USA, Gulf of Mexico, 24°07′N, 82°00′W, 686–715 m. Host: M. val-
ida. South of Dry Tortugas, Florida USA, Gulf of Mexico, 24°12′N, 82°50′W, 
622 m. Host: M. valida. Reference: Markham (1974a). Northern Gulf of Mexico, 
27°22′ to 29°17′N, 87°47′ to 91°16′W, 185–770 m. Host: M. valida. Reference: 
Adkison and Collard (1990). Range outside of region. None known.

 3. Bathione magnafolia Román-Contreras and Boyko, 2007

Type-locality. Southern Gulf of California, Mexico, 24°53′N, 108°59′W, 
835–870 m. Host: Munidopsis depressa Faxon, 1893. Reference: Román-Contreras 
and Boyko (2007). Range outside of region. None known.

 4. Galathocrypta acaudata Román-Contreras and Soto, 2002

Type-locality. Southwest Gulf of Mexico, 18°54′N, 94°18′W, 502  m. Host: 
Munidopsis erinaceus (A.  Milne-Edwards, 1880). Reference: Román-Contreras 
and Soto (2002). Possible other records. [As “Pseudione sp.”] Southern Caribbean. 
Host: M. erinaceus. Reference: Mayo (1974). [As “Bopyrid”]. Southern Gulf of 
Mexico. Host: M. erinaceus. Reference: Vázquez-Bader and Gracia (2016). Range 
outside of region. None known.

 5. Goleathopseudione bilobata Román-Contreras, 2008

Type-locality. Off coast of California, USA, Pacific, 34°45′N, 123°04′W, 
4100 m. Host: Munidopsis beringanus Benedict, 1902. Reference: Román-Contreras 
(2008). Range outside of region. None known.

 6. Munidion cubense Bourdon, 1972

Type-locality. Bahía de Cochinos, Cuba, 22°13′N, 81°10′W, 230–390 m. Host: 
Munida stimpsoni A.  Milne-Edwards, 1880. Reference: Bourdon (1972). Other 
locality. Near Península de Paraguaná, Venezuela, Caribbean, 11°40′N, 69°22′W, 
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134–161  m. Host: Munida flinti Benedict, 1902. Reference: Markham (1975). 
Range outside of region. None known. [Described as Munidion parvum cubensis 
Bourdon, 1972].

 7. Munidion irritans Boone, 1927

Type-locality. North of Glover Reef, Belize, Caribbean, 16°N, 88°W, 670 m. 
Host: Munida irrasa A. Milne Edwards, 1880. Reference: Boone (1927). Other 
localities. Along southeast Florida, USA, Atlantic, 24°12′ to 24°48′N, 80°26′ to 
80°46′W, 90–620 m. Host: M. irrasa. Reference: Markham (1975). Hudson Canyon 
to Norfolk Canyon, off Virginia, USA, Atlantic, 37–40°N, 72–74°W, >200 m. Host: 
Munida iris. Reference: Bursey (1978). Range outside of region. None known.

 8. Munidion longipedis Markham, 1975

Type-locality. East coast of Florida, Atlantic, 25°45′ to 29°59′N, 79°49′to 
80°11′W, 70–330  m. Host: Agononida longipes (A.  Milne-Edwards, 1880). 
Reference: Markham (1975). Other localities. Isla de Providencia to Dry Tortugas, 
Florida USA, Southeast Gulf of Mexico, 13°37′N, 81°51′W to 24°18′N, 82°54′W, 
330–460 m. Host: M. longipes. Reference: Markham (1975). Norfolk Canyon, off 
Virginia, USA, Atlantic, 37°N, 75°W, ca 200  m. Host: M. longipes. Reference: 
Wenner and Windsor (1979). Range outside of region. None known.

 9. Munidion parvum Richardson, 1904

Type-locality. Straits of Juan de Fuca, Washington, USA, Pacific, 48°20′N, 
123°30′W, 278  m. Host: Munida quadrispina Benedict, 1902. References: 
Richardson (1904), Markham (1975). Possible other record. [As “Munidon (sic) 
parvum/Pseudione galacanthae”]. Sechelt Peninsula, British Columbia, Canada, 
Pacific, 50°N, 124°W, depth unspecified. Host: unidentified munidid. Reference: 
Lamb and Hanby (2005). Range outside of region. None known.

 10. Munidion princeps Hansen, 1897

Type-locality. Near Malpelo Island, Pacific. 03°58′N, 81°36′W, 205 m. Host: 
Munida refulgens Faxon, 1893. References: Hansen (1897), Markham (1975). 
Range outside of region. None known.

 11. Paragigantione americana (Markham, 1974)

Type-locality. Off coast of Guyana, Atlantic, 08°40′N, 57°38′W, 1220–1440 m. 
Host: Munida microphthalma A.  Milne-Edwards, 1880. Reference: Markham 
(1974a). Other locality. Norfolk Canyon, off Virginia, USA, Atlantic, 36°56′ to 
37°09′N, 75°06′ to 74°33′W, 1408–1698 m. Host: M. microphthalma. Reference: 
Wenner and Windsor (1979). Range outside of region. None known. [Described as 
Bonnieria americana Markham, 1974].

 12. Parapleurocryptella elasmonoti Bourdon, 1972

Type-locality. Martinique, Caribbean, 14°29′N, 61°06′W, 349  m. Host: 
Munidopsis squamosus (A.  Milne-Edwards, 1880). Reference: Bourdon (1972). 
Range outside of region. None known.
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 13. Pleurocryptella fimbriata Markham, 1974

Type-locality. Southwest of Jamaica, Caribbean, 17°27′N, 78°10′W, 605–665 m. 
Host: Munida constricta A. Milne Edwards, 1880. Reference: Markham (1974a). 
Other localities. South of Jamaica, Caribbean, 17°16′N, 77°48′W, 720 m; Bahía de 
Cochinos, Cuba, Caribbean, 22°07′N, 81°08′W, 400–500 m. Host: M. constricta. 
Reference: Markham (1974a). Range outside of region. None known.

 14. Pleurocryptella wolffi Bourdon, 1972

Type locality. Gulf of Panamá, Pacific, 05°44′N, 79°20′W, 2950–3190 m. Host: 
Munidopsis antonii (Filhol, 1884). Reference: Bourdon (1972). Range outside of 
region. None known.

 15. Pontobopyrus abyssorum Markham, 1979

Type-locality. Northwestern Atlantic, 38°04′ to 38°09′N, 70°26′ to 70°22′W, 
3850 m. Host: Parapontophilus abyssi (Smith, 1884). Reference: Markham (1979). 
Range outside of region. None known.

 16. Pseudione ampla Markham, 1988

Type-locality. Off Florida, USA, Gulf of Mexico, 24°33′N, 83°22′W, 366 m. 
Host: Heterocarpus ensifer A. Milne Edwards, 1881. Reference: Markham (1988). 
Range outside of region. None known.

 17. Pseudione confusa maxillipedis Bourdon, 1972

Type-locality. Bahía de Cochinos, Cuba, Caribbean, 22°13′N, 81°10′W, 
229–393 m. Host: Munida stimpsoni A. Milne Edwards, 1880. Reference: Bourdon 
(1972). Other locality. Punta Alegre, Cuba, Caribbean, 22°50′N, 78°55′N, 366 m. 
Host: M. stimpsoni. Reference: Bourdon (1972). St. Croix, US Virgin Islands, 
Caribbean, ca 17°44′N, 64°50′W, depth uncertain. Host: Munida sp. [Reported as 
Pseudione minimocrenulata Nierstrasz and Brender à Brandis (1931) pro parte, 
separated from that species by Kazmi and Boyko (2005)]. Reference: Nierstrasz and 
Brender à Brandis (1931). Range outside of region. None known.

 18. Pseudione galacanthae Hansen, 1897

Type-locality. Off east side of Baja California, Mexico, Golfo de California, 
Mexico, 26°48′N, 110°45′W, 1571 m. Host: Galacantha diomedeae Faxon, 1893. 
Reference: Hansen (1897). Other localities. Nanaimo, British Columbia, Canada, 
Pacific, ca 49°10′N, 123°57′W, depth unrecorded, and San Juan Islands, Washington, 
USA, Pacific, ca 48°30′N, 123°W, depth unrecorded. Host: Munida quadrispina 
J. E. Benedict, 1902. Reference: Fraser (1932). [Misidentified as Pseudione giardi 
Calman, 1898]. Strait of Georgia, British Columbia, Canada, Pacific, ca 49°18′N, 
123°48′W, 157–448  m. Host: Munida sp. Reference: Nierstrasz and Brender à 
Brandis (1931). Range outside of region. Off east coast of Patagonia, Argentina, 
South Atlantic. Host: Munida rugosa (Fabricius, 1793). Reference: Richardson 
(1904). Falkland Islands, South Atlantic. Host: Munida gregaria (Fabricius, 1793). 
Reference: Rayner (1935). Golfo de Penas and Magallanes, Chile, South Pacific. 
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Host: Munida gregaria. Reference: Stuardo et al. (1986). Off Arica, Chile, South 
Pacific. Host: Galacantha diomedeae. Reference: Pardo et al. (2009). Golfo de San 
Jorge, Argentina, South Atlantic. Host: Munida gregaria. Reference: Varisco and 
Vinuesa (2011).

 19. Pseudione sp. or spp., western Atlantic

Known localities. South of Jamaica, 17°21′N, 77°35′W, 805–1089  m. Host: 
Munidopsis abbreviata (A. Milne Edwards, 1880). Reference: Mayo (1974). Off 
Guadeloupe, Caribbean, 16°06′N, 61°22–24′W, 531–733  m. Host: M. alaminos 
Pequegnat and Pequegnat, 1970. Reference: Mayo (1974). Florida Straits, Atlantic, 
24°28–51′N, 79°52′–80°16′W, 802–805  m. Host: M. longimanus (A.  Milne 
Edwards, 1880). Reference: Mayo (1974). Off Campeche, Campeche, Mexico, Gulf 
of Mexico, ca 20°N, 71°W, depth unspecified. Host: M. nitida (A. Milne Edwards, 
1880). Reference: Salazar-Vallejo and Leija-Tristán (1989). Off Caribbean coast of 
Colombia, and off Guadeloupe, Caribbean, 11°30–34′N, 73°23–26′W, 507–531 m. 
Host: M. riveroi Chace, 1939. Reference: Mayo (1974), Florida Straits, Gulf of 
Mexico, 24°24′N, 80°52′W, 512 m. Host: M. robusta (A. Milne Edwards, 1880). 
Reference: Mayo (1974). Straits of Florida, 25°17–36′N, 79°40–45′W, 570–824 m; 
and north coast of Cuba, Gulf of Mexico 23°24′N, 80°11′W, 677–1107 m; and south 
of Jamaica, Caribbean. Host: M. serricornis (Lovén, 1852). Reference: Mayo (1974).

 20. Unidentified Pseudioninae, western Atlantic.

Known localities. Norfolk Canyon, off Virginia, USA, Atlantic, 36°56′ to 
37°09′N, 75°06′ to 74°33′W, 1876–2427 m. Host: Galacantha rostrata A. Milne- 
Edwards, 1880. Reference: Wenner and Windsor (1979). Venezuela Basin, 
Caribbean, 13°34′N, 64°47′W, 3517–3549  m. Hosts: Munidopsis crassa Smith, 
1885, and M. geyeri Pequegnat and Pequegnat (1970). Reference: Gore (1983). Off 
Cuba, ca 25°N, 80°W, ca 800 m. Host: M. longimanus. Reference: Chace (1942). 
Southern Gulf of Mexico. Hosts: M. alaminos and M. robusta. Reference: Vázquez- 
Bader and Gracia (2016).

 21. Unidentified Pseudioninae, eastern Pacific

Known locality. Guaymas Basin, Mexico, 27°29′N, 111°24′W, depth uncertain. 
Host: Galacantha diomedeae. References: Luke (1977), Wicksten (2012).

Subfamily Argeiinae Markham, 1977

 22. Argeia atlantica Markham, 1977

Type-locality. Tongue of the Ocean, Bahamas, Atlantic, 23°54′N, 77°12′W, 
1298–1335 m. Host: Metacrangon jacqueti (A. Milne-Edwards, 1881). Reference: 
Markham (1977a). Other localities. Southeast of Newfoundland, Canada, Atlantic, 
42°59′N, 51°15′W, 1100 m. Host: M. jacqueti. References: Sivertsen and Holthuis 
(1956); Markham (1977a). Middle Atlantic Bight, off Virginia, USA. Atlantic, ca 
37°N, 75°W, 452–2679 m. Host: M. jacqueti. Reference: Wenner (1978). Range 

J. C. Markham



149

outside of region. Coast of China, West Pacific. Host: Crangon affinis de Haan, 
1849. Reference: An et al. (2008).

 23. Parargeia ornata Hansen, 1897

Type-locality. Off Acapulco, Mexico, Pacific, 16°33′N, 99°52′W, 1460–1650 m. 
Host: Metacrangon procax (Faxon, 1893). Reference: Hansen (1897). Range out-
side of region. None known.

Subfamily Bathygyginae Markham, 2016

 24. Bathygyge grandis Hansen, 1897

Type-locality. Off Acapulco, Mexico, Pacific, 16°33′N, 99°52′W, 1460–1650 m. 
Host: Glyphocrangon spinulosa Faxon, 1896. Reference: Hansen (1897). Other 
localities. Middle Atlantic Bight, off Virginia USA, Atlantic, ca 37°N, 75°W, 
452–2679  m. Hosts:  Glyphocrangon sculpta (Smith, 1882) and G. longirostris 
(Smith, 1882). Reference: Wenner (1978). Magellan Rise, Northeast Pacific, 
07°05′N, 176°55′W, 3100 m. Host unspecified. Reference: Kaufmann et al. (1989). 
San Clemente Basin, off California, USA, Pacific, 32°28′N, 118°08′W, 1782  m. 
Host: Glyphocrangon vicaria Faxon, 1897. Reference: Markham (2016). Range 
outside of region. Off Cape Point, South Africa, South Atlantic Host: Glyphocrangon 
sculpta [possibly actually an undescribed species of Bathygyge]. Reference: 
Stebbing (1906). Off coast of China, western Pacific. Host: Glyphocrangon sp. 
[possibly actually an undescribed species of Bathygyge]. Reference: An et al. (2007).

Subfamily Athelginae Codreanu & Codreanu, 1956

 25. Anathelges hyphalus (Markham, 1974)

Type-locality. Channel Islands, California, Pacific, 33°46′ to 33°18′N, 118°22′ 
to 118°33′W, 95319  m. Host: Parapagurodes laurentae McLaughlin and Haig, 
1973. Reference: Markham (1974b). Other localities. Off Carmel, California USA, 
Pacific, 36°27′N, 122°00′W, 141 m. Host: P. makarovi McLaughlin & Haig, 1973. 
Near Punta de Abreoja, Baja California Sur, Mexico, Pacific, 26°17′N, 113°41′W, 
99  m. Host: P. laurentae. Islas de San Benito, Baja California, Mexico, Pacific, 
28°13′N, 115°34′W, 115–179 m. Host: P. makarovi. Reference: Markham (1974b). 
Range outside of region. None known. [Described as Stegophryxus hyphalus 
Markham, 1974].

 26. Parathelges tumidipes Markham, 1972

Type-locality. Southwest of Jamaica, Caribbean, 17°09′N, 78°57′W, 26  m. 
Host: Dardanus fucosus Biffar and Provenzano. Reference: Markham (1972). 
Other localities. South of Bermuda, Atlantic, 32°17′N, 64°43′W, ca 200 m. Host: 
Allodardanus bredini Haig and Provenzano, 1965. Reference: Markham (1978). 
Belize, Caribbean, ca 17°N, 88°W, shallow water. Hosts: Calcinus tibicen (Herbst, 
1791), Clibanarius tricolor Gibbes, 1850, and C. vittatus Bosc, 1802. Reference: 
Boyko and Williams (2016). Range outside of region. None known.
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Subfamily Hemiarthrinae Markham, 1972

 27. Hemiarthrus nematocarcini Stebbing, 1914

Type-locality (outside of region). Off South Africa, southern Atlantic. Host: 
Nematocarcinus longirostris Bate, 1888. Reference: Stebbing (1914). Other local-
ity (within the region). Norfolk Canyon, off Virginia USA, Atlantic, 36°56′ to 
37°09′N, ca 75°W, 1430–3083 m. Host: Nematocarcinus ensifer (S.I. Smith, 1882). 
Reference: Wenner (1979). Range outside of region. Chatham Rise, southeast of 
New Zealand, southern Pacific. Host: Campylonotus rathbunae Schmitt, 1926. 
Reference: Page (1985).

Family Colypuridae Richardson, 1905

 28. Colypurus agassizi Richardson, 1905

Type-locality. Off Punta Mariato, Panamá, Pacific, 06°36′N, 81°44′W, 1063 m. 
Host unknown. Reference: Richardson (1905b). Range outside of region. 
None known.

Superfamily Cryptoniscoidea Kossmann, 1880
Family Cryptoniscidae Kossmann, 1880

 29. Zeuxokoma setosa (Nierstrasz and Brender à Brandis, 1930)

Type-locality. Central California USA, Pacific, 38°17′N, 123°29′W, 305  m. 
Host: Spirontocaris holmesi Holthuis, 1947. References: Nierstrasz and Brender à 
Brandis (1930), Boyko (2015). Range outside of region. None known. [Described 
as Faba setosa Nierstrasz and Brender à Brandis, 1930].

Family Dajidae Giard and Bonnier, 1887

 30. Arthrophryxus beringanus Richardson, 1908

Type-locality. Coast of British Columbia, Canada, Pacific. 53°53′N, 144°53′W, 
4023 m. Host: unknown. Reference: Richardson (1908a). Range outside of region. 
None known.

 31. Colophryxus novangliae Richardson, 1908

Type-locality. Off Long Island, New York, USA, Atlantic. 39°00′N, 72°04′W, 
1293 m. Host: unknown. Reference: Richardson (1908b). Range outside of region. 
None known.

 32. Holophryxus acanthephyrae Stephensen, 1912

Type-locality. Davis Strait, between Canada and Greenland, North Atlantic, 
60°07′N, 48°26′W, depth unrecorded, probably ca 1000  m. Host: Acanthephyra 
pelagica (Risso, 1816). Reference: Stephensen (1912). Range outside of 
region. South of England, northeast Atlantic. Host: A. pelagica. Reference. Jones 
and Smaldon (1986). East of New Zealand, southern Pacific. Host: Acanthephyra 
pelagica. Reference: Wasmer (1988). Rocas Atoll, Brazil, south Atlantic. Host: 
A. acanthitelsonis Spence Bate, 1888. Reference: Alves-Júnior et al. (2018). [As 
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Isophryxus concavus Schultz, 1977]. Antarctic Ocean. Host: probably A. pelagica. 
Reference: Schultz (1977).

 33. Holophryxus alaskensis Richardson, 1905

Type-locality. Revillagigedo Island, Alexander Archipelago, Alaska, USA, 
Pacific, 56°N, 131°W, 274–512  m. Host: Pasiphaea pacifica Rathbun, 1902. 
References: Richardson (1905a), Butler (1964). Other localities. Granby Bay, 
Strait of Georgia and west coast of Vancouver Island, British Columbia, Canada, 
Pacific, ca 49°24′N to 55°24′N,123°54′N to 129°49′W, 77–198 m. Host: P. pacifica, 
where known. Reference: Butler (1964). [As Holophryxus californiensis Richardson, 
1908]. Santa Barbara Channel, California, USA, Pacific, ca 34°15′N, 119°50′W, 
512  m. Host: unknown. References: Richardson (1908a); Butler (1964). Near 
Seattle, Washington, USA, Pacific, ca 47°30′N, 122°20′W, 183–512  m. Host: 
P. pacifica. References: Richardson (1908a), Butler (1964). [As Hypodajus geor-
giensis Nierstrasz and Brender à Brandis, 1931]. Strait of Georgia, British Columbia, 
Canada, Pacific, ca. 49°N, 124°W, ca 200  m. Host: unidentified pasiphaeid. 
References: Nierstrasz and Brender à Brandis (1931), Butler (1964). Range outside 
of region. None known.

 34. Oculophryxus bicaulis Shields and Gómez-Gutiérrez, 1996

Type-locality. Off Baja California, Mexico, Pacific, 20°13′ to 28°52′N, 112°23′ 
to 117°48′W, to 210 m. Host: Stylocheiron affine Hansen, 1910. Reference: Shields 
and Gómez-Gutiérrez (1996). Range outside of region. South China Sea, western 
Pacific. Host: S. affine. Reference: Gómez-Gutiérrez and Shields (1998).

 35. Prophryxus alascensis Richardson, 1909

Type-locality. Goletus Channel, British Columbia, Canada, Pacific, 53°05′N, 
138°31′W, 3658 m. Host unknown. Reference: Richardson (1909). Range outside 
of region. None known.

 36. Zonophryxus retrodens Richardson, 1903

Type-locality. South of Oahu, Hawaii, Pacific, ca 21°20′N, 158°W, ca 300 m. 
Host unknown. Reference: Richardson (1903). Range outside of region. 
None known.

 37. Zonophryxus similis Richardson, 1914

Type-locality. Off Punta Mariato, Panamá, Pacific, 06°36′N, 81°44′W, 1063 m. 
Host unknown. Reference: Richardson (1914). Range outside of region. 
None known.

 38. Zonophryxus sp.

Known localities. California Bight, off California, USA, Pacific, 32°35′N, 
117°55′W to 33°59′N, 118°43′W, 98–305 m. Hosts: Pantomus affinis Chace, 1973, 
and Plesionika trispinus Squires and Barragán, 1976. Reference: Montagne and 
Cadien (2001). Range outside of region. None known.
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Family Entophilidae Richardson, 1903

 39. Entophilus omnitectus Richardson, 1903

Type-locality. Between Maui and Molokai, Hawaii, Pacific, 20°57′N, 156°41′W, 
ca 300  m. Host: Agononida normani (Henderson, 1885). Reference: Richardson 
(1903). Other localities. Palolo Channel, Hawaii, Pacific, 21°04′N, 156°42′W, to 
258 m. Host: A. normani. Reference: Richardson (1903). Northern Gulf of Mexico, 
27°22′ to 29°17′N, 85°52′ to 93°31′W, 185–850 m. Hosts. Munida valida S. I. Smith, 
1883, and M. microphthalma. Reference: Adkison and Collard (1990). Range out-
side of region. Madagascar, Indian Ocean. Host: Agononida incerta (Henderson, 
1888). Reference: Bourdon (1976). Chesterfield Islands, southwestern Pacific. 
Host: A. “incerta”. Reference: Markham (1994).

6.4  Conclusions

A thorough review of previous records of epicarid isopods from deep water around 
North and Central America allows for the listing of 39 species, 4 of these unidenti-
fied. Most species (27) belong to the Bopyridae with 17 genera, including five spe-
cies of Munidion and at least four species of Pseudione. Other families are the 
Colypuridae (1 sp.), the Cryptoniscidae (1 sp.), the Dajidae (9 spp.), and the 
Entophilidae (1 sp.).

Markham (1986) reported on the evolution and zoogeography of Bopyridae stat-
ing that 469 species had been described worldwide at that time. In a more recent 
review, Williams and Boyko (2012) estimated the number of epicarideans isopods 
(Bopyroidea and Cryptoniscoidea) at 794 species: 605 Bopyridae and 99 
Cryptoniscoidea. Bopyrids were more diverse in the NW Pacific, while cryptonis-
coids were more diverse in the NE Atlantic (Williams and Boyko 2012).

Of the 35 identified species, about half (17) were described in 1930 or earlier and 
the rest after 1972. Epicarid isopods of the area infest a wide variety of hosts, includ-
ing euphausiids of the genus Stylocheiron; caridean shrimps of the genera 
Acanthephyra, Campylonotus, Crangon, Glyphocrangon, Heterocarpus, 
Parapontophilus, Pasiphaea, Metacrangon, Nematocarcinus, and Spirontocaris; 
hermit crabs of the genera Clibanarius, Dardanus, and Parapagurodes; and squat 
lobsters of the genera Agononida, Munida, Munidopsis, and Galacantha.
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Chapter 7
Biodiversity of the Deep-Sea Isopods, 
Cumaceans, and Amphipods (Crustacea: 
Peracarida) Recorded off the Argentine 
Coast

B. L. Doti, I. L. Chiesa, and D. Roccatagliata

Abstract Our knowledge on the deep-sea peracarids at a global scale is limited, 
and this gap in knowledge is still larger when we refer to the peracarids from off the 
coast of Argentina. With the aim of improving this situation, a complete and accu-
rate inventory of the deep-sea isopods, cumaceans, and amphipods from off the 
coast of Argentina is presented. This inventory is based mainly on data taken from 
the literature, but some records provided in the GBIF database were included as 
well. A total of 126 stations taken during 24 oceanographic surveys carried out by 
seven countries were compiled. Isopoda showed the highest number of species (107 
spp.) followed by Cumacea (50 spp.) and Amphipoda (47 spp.). A large amount of 
specimens, including many new species, has been collected in recent years and wait 
to be described. Thus, it is expected that the number of species recorded from the 
area substantially increases in the near future.
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7.1  Introduction

From the low number of species and individuals yielded by earlier deep-sea collec-
tions, there has arisen the generally accepted concept that the fauna of deep-sea was 
depauperated compared to that of shallow waters (see Hessler and Sanders 1967). 
However, in the 1960s, a high faunal diversity was obtained from a transect of the 
ocean floor between southern New England and Bermuda isles (the Gay Head- 
Bermuda transect). Such diversity was far in excess of anything reported before, and 
the crustacean peracarids (isopod, cumacean, amphipod, and tanaid species) were 
the second most common group recovered (Sanders and Hessler 1969). Samples 
were taken with the epibenthic sled (EBS) that move over the surface of the sedi-
ment for distances of a kilometer or more, and washed through a small-size-aperture 
screen, in order to retain the most abundant smaller animals. Certainly, the relatively 
few specimens obtained in earlier surveys were due to the technical limitations in 
sampling the deep-sea benthos. It is worth noticing that after the Gay Head-Bermuda 
transect, a remarkably high diversity of peracarids was also reported from many 
other deep-sea localities, i.e., the Tropical Atlantic, the Angola Basin, the Southern 
Ocean, the Kurile-Kamchatka Trench, the basin of the Sea of Japan, and the 
Greenland-Iceland-Faeroe Ridge, among others (Jones and Sanders 1972; Hessler 
et al. 1979; Brandt et al. 2005, 2007, 2018; Golovan et al. 2013, 2019; Brix et al. 
2018a, b).

Regarding the isopods, cumaceans, and amphipods obtained off the coast of 
Argentina, the earliest records from this fauna were obtained by the HMS Challenger 
(Beddard 1884, 1886; Stebbing 1888). After that, 23 surveys, most of them foreign 
expeditions, reported on additional records. Despite the sampling efforts and taxo-
nomic works already done, vast areas remain unexplored. Many species have just 
single records, and others are awaiting a formal description. Furthermore, there are 
just a few comprehensive studies dealing with the peracarids from this area. For 
amphipods, there are two mandatory references, i.e., López Gappa et al. (2006) and 
De Broyer et al. (2007). For isopods, only the Asellota from the continental shelf 
and slope were compiled (see Doti et al. 2014). No global revisions or catalogs have 
been published until now for the cumaceans and the remaining isopods.

With the aim of improving the knowledge of the deep-sea isopods, cumaceans, 
and amphipods off the Argentine coast, the opportunity has been taken to compile 
all the records reported from this area. Although remarks on the bathymetric and 
geographic distributions of some taxa are presented, it should be kept in mind that a 
biogeographic analysis of this fauna is beyond the scope of the current study. We 
hope the information herein presented may prove to be useful to conserve this frag-
ile deep-sea fauna and their habitats and to promote further taxonomic works. We 
also hope that this contribution promotes further sampling programs in the area as 
well as biogeographic analyses of this fauna, both of which are much needed.
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7.2  Material and Methods

Previous records of isopods, cumaceans, and amphipods (excluding hyperiids) from 
the study area were compiled from the literature. In addition, the GBIF (Global 
Biodiversity Information Facility) was checked, and the species not published but 
identified by a trained taxonomist were also included. Those species identified with 
a preliminary “interim” name in the GBIF (2019) were not taken into account. The 
boundary of the area under study is between 35°S and 56°S and from 200 m isobath 
to 46°W (sky-blue area in Fig. 7.1). The stations considered within this area are 
listed in Table 7.1 and plotted on a map (Fig. 7.1a). The whole area was divided into 
a one-degree square grid. Squares containing published records were numbered 
from the 200 m isobath to the west and from north to south (Fig. 7.1b). For the sake 
of clarity, the coordinates (Table 7.1) are expressed as they appear in the original 
publications, i.e., in degrees, minutes, seconds (DMS) or in decimal degrees (DD). 
The records for each one-degree square were counted. In Table  7.2, the column 
“<200 m” includes those species that occur at the study area and also in the adjacent 
continental shelf (most of the white area in Fig. 7.1); the column “A/SA” refers to 
those species that occur at the study area and also in the Antarctic/Sub-Antarctic 
region; and the column “Others” to those species that occur at the study area and 
elsewhere (any region other than the A/SA). The northern limit of the Sub-Antarctic 
(SA) region was defined after De Broyer and Danis (2011). It should be kept in 
mind that the SA region overlaps in part with the study area. Species are listed 
according to current taxonomic classification (WoRMS, 2020), or as appeared in the 
latest taxonomical revision in which they were mentioned.

7.3  Results

7.3.1  General Comments

The study area has been poorly explored. Only 73 (24.6%) out of the 296 one- 
degree squares plotted on the maps encompass records from the taxa analyzed 
(Fig. 7.1). Moreover, 25 of these 73 one-degree squares contain just a single record 
(Fig. 7.2).

The study of the peracarids from off the coast of Argentina began with the 
Challenger expedition in 1873–1876, which recorded a few species of isopods and 
amphipods. Half a century had to elapse before additional records of these two taxa 
were reported from the area. Furthermore, cumaceans were recorded for the first 
time much later, as late as 1976 (Fig. 7.3). Of the 428 records reported from the 
area, 170 were obtained between 200 and 1000 m depth, and the number of records 
dropped abruptly below 1000 m depth. The same trend was observed for the stations 
(Fig. 7.4).

7 Biodiversity of Deep-Sea Isopods, Cumaceans, and Amphipods off Argentina



160

F
ig

. 7
.1

 
M

ap
 o

f 
th

e 
st

ud
y 

ar
ea

 d
iv

id
ed

 i
nt

o 
a 

on
e-

de
gr

ee
 s

qu
ar

e 
gr

id
. 

(a
) 

D
is

tr
ib

ut
io

n 
of

 t
he

 s
ta

tio
ns

 l
is

te
d 

in
 T

ab
le

 7
.1

. 
(b

) 
O

ne
-d

eg
re

e 
sq

ua
re

s 
co

nt
ai

ni
ng

 
re

co
rd

s,
 s

eq
ue

nt
ia

lly
 n

um
be

re
d 

fr
om

 w
es

t t
o 

ea
st

 a
nd

 f
ro

m
 n

or
th

 to
 s

ou
th

B. L. Doti et al.



161

(continued)

Table 7.1 Surveys and station data of all the records compiled in this study

Survey/ship Station Latitude (S) Longitude Depth Sq. No. of species
(W) (m) no. I C A

HMS Challenger 
Expedition 
(1873–1876)

317 48°37′ 55°17′ 1893 34 0 0 1
318 42°32′ 56°27′ 3730 20 1 0 0
320 37°17′ 53°52′ 1097 11 4 0 2
323 35°39′ 50°47′ 3475 2 0 0 1

Swedish Antarctic 
Expedition 
(1901–1903)

34b 44°49′ 57°34′ 700–500 24 4 0 0
Shag 
quadrant

50°19′ 50°50′ 2675 41 0 0 1

− 49°56′ 49°56′ 0–2700 36 0 0 1
Terra Nova 
Expedition (1910)

38 West of Malvinas Islands 229 48 0 0 2

RRS William 
Scoresby 
(1927–1931)

WS 76 51°00′ 62°02′30″ 207–205 43 1 0 1
WS 212 49°22′ 60°10′ 242–249 35 3 0 0
WS 213 49°22′ 60°10′ 249–239 35 1 0 0
WS 214 48°25′ 60°40′ 208–219 33 3 0 0
WS 215 47°37′ 60°50′ 219–146 30 3 0 0
WS 216 47°37′ 60°50′ 219–133 30 2 0 0
WS 227 51°08′ 56°50′ 295 45 1 0 0
WS 228 50°50′ 56°58′ 229–236 39 1 0 0
WS 229 50°35′ 57°20′ 210–271 38 2 0 0
WS 234 48°52′ 60°25′ 195–207 33 2 0 0
WS 236 46°55′ 60°40′ 273–300 29 3 0 0
WS 237 46°00′ 60°05′ 150–256 29 3 0 0
WS 244 52°00′ 62°40′ 253–248 47 3 0 0
WS 245 52°36′ 63°40′ 304–290 46 3 0 0
WS 246 52°25′ 61°00′ 267–208 48 2 0 0
WS 766 45°13′ 59°56′30″ 545 27 2 0 0
WS 772 47°28′ 60°51′ 309–162 30 2 0 0
WS 773 47°28′ 60°51′ 291–296 30 2 0 0
WS 818 52°31°15″ 63°28′ 272–278 46 4 0 0
WS 820 52°53′15″ 51°51′ 351–367 54 1 0 0
WS 821 52°55′45″ 60°55′ 461–468 49 2 0 0
WS 839 53°30′15″ 63°29′ 403–434 55 2 0 0
WS 871 53°16′ 54°12′ 336–341 58 2 0 0

Soviet Antarctic 
Expedition, RV Ob, 
Cruise III (1958)

477 48°14′ 60°49′ 280–303 33 1 0 0
479 45°16′ 54°54′ 680 28 5 0 0
480 43°40′ 59°34′ 399–500 21 14 0 0
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Table 7.1 (continued)

Survey/ship Station Latitude (S) Longitude Depth Sq. No. of species
(W) (m) no. I C A

Lamont Geological 
Observatory 
(LGO), RV Vema, 
Cruises 14, 15, 17 
and 18 
(1958–1962)

14-12 52°32′ 61°15′ 361 48 0 3 0
15-114 55°02.6′ 64°17′ 1737 69 1 0 0
15-116 55°42.9′ 64°21.6′ 3813 69 3 0 0
15-117 55°31.2′ 64°07.5′ 3839–

3845
69 7 1 1

15-118 55°44.2′ 64°11.5′ 3776–
3777

69 1 0 1

15-123 50°23.2′ 47°25′ 2681 42 1 0 0
15-124 49°35′ 48°04.6′ 2738 37 1 0 0
15-126 47°57.5′ 48°03′ 6079 32 1 0 0
15-128 44°53.3′ 51°26.5′ 5843 25 6 0 0
15-131 40°14.6′ 55°24.7′ 1475–

1479
18 1 4 6

15-132 39°57.5′ 54°49.5′ 1911 17 1 0 0
17-51 55°17.5′ 66°00′ 205–207 67 0 0 1
17-53 55°20′ 65°50′ 1185–

1240
68 0 3 0

17-54 55°19.5′ 65°49′ 1274–
1362

68 0 1 0

17-59 54°53.5′ 60°26.5′ 426 62 0 2 0
17-65 50°18′ 54°11′ 1498–

1501
40 0 0 1

17-80 43°58′ 52°07′ 5781 22 0 1 0
17-81 44°33′ 49°19′ 5332 26 0 3 0
17-101 38°13′ 55°19′ 450 13 1 5 0
18-8 36°06′ 53°18′ 278–282 6 1 0 0
18-9 36°17′ 53°21′ 547–676 6 0 0 1
18-12 47°09′ 60°38′ 424–428 30 0 1 1

RV Eltanin, Cruises 
4, 6, 7, 11, 22 
(1962–1964)

4-107 55°49′12″ 61°10′12″ ? 70 1 0 0
6-339 53°05′ 59°31′ 512–586 56 1 1 1
6-340 53°07.6′ 59°23.2′ 578–567 56 4 0 1
6-348 54°52′58.8″ 59°1′30″ 644 63 0 0 1
6-350 55°02.7′ 58°57.4′ 2450–

2452
71 1 0 4

6-353 55°16′30″ 58°56′31″ 3578 71 1 0 0
6-375 53°00′ 55°50′ 712–933 57 2 0 0
6-381 55°15′29″ 55°36′ 1867 72 0 0 1
7-557 51°55.5′ 56°38.5′ 864–854 45 1 0 0
7-558 51°58′ 56°38′ 646–845 45 0 0 2
11-969 54°55.7′ 65°03.2′ 229–265 59 2 0 2
11-970 54°59′ 64°53.2 586–641 60 1 0 0

(continued)
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Survey/ship Station Latitude (S) Longitude Depth Sq. No. of species
(W) (m) no. I C A

11-973 55°18.2′ 64°42′ 1920–
2210

69 2 0 0

11-977 52°32′ 63°53′ 229 46 0 0 5
22-1521 54°08′ 52°08′ 419–483 66 1 0 0
22-1525 52°22′ 52°02′ 1351–

1618
53 1 0 0

22-1592 54°43′58.8″ 55°33′28.80″ 1845 65 0 0 1
22-1593 54°43′ 56°37′ 339–357 64 0 0 2

Knipovich Survey 
(1965)

249 35°34.5′ 52°40.3′ 310 1 0 0 2

Walther Herwig 15 
(1966)

245 36°49′ 54°02′ 600 5 0 0 1

Woods Hole 
Oceanographic 
Institution (WHOI), 
RV Atlantis II, 
Cruise 60 (1970)

236 36°27′ 53°31.0′ 497–518 6 4 1 0
237 36°32.6′ 53°23.0′ 993–1011 6 7 6 0
239 36°49.0′ 53°15.4′ 1661–

1679
6 2 13 0

240 36°53.4′ 53°10.2′ 2195–
2323

6 0 11 0

242 38°16.9′ 51°56.1′ 4382–
4402

15 6 7 0

243 37°36.8′ 52°23.6′ 3815–
3822

12 0 5 0

245 36°55.7′ 53°1.4′ 2707 6 12 15 0
246 37°15.1′ 52°45.0′ 3343 12 0 6 0
247 43°33′ 48°58.1′ 5208–

5223
23 6 5 0

256 37°40.9′ 52°19.3′ 3906–
3917

12 7 5 0

259 37°13,3′ 52°45′ 3305–
3317

12 4 5 0

262 36°05.2′ 52°17.9′ 2440–
2480

7 4 10 0

264 36°12.7′ 52°42.7′ 2041–
2048

7 3 8 0

280 36°18′ 53°23.9′ 256–293 6 0 1 0
RV Hero, Cruise 
715 (1971)

880 54°50′ 64°00′ 205–208 60 1 0 0
893 54°54.8′ 64°19′ 303–358 60 0 0 3
894 54°54.8′ 64°18′ 263–285 60 0 0 4
895 54°59.9′ 64°50′ 438 60 1 0 0

Table 7.1 (continued)

(continued)
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Survey/ship Station Latitude (S) Longitude Depth Sq. No. of species
(W) (m) no. I C A

RV Akademik 
Kurchatov, Cruise 
11 (1971), Cruise 
43 (1985–1986)

11-926 52°56′0″ 55°36′0″ 1966–
2016

52 4 0 0

11-927 52°40′0″ 56°08′4″ 1660–
1664

51 2 0 0

11-928 52°15′ 56°51′ 1105 51 1 0 0
11-929 52°08′5″ 57°16′11″ 720–724 50 3 0 0
11-930 51°57′ 57°36′ 401 44 3 0 0
43-4893 36°12′ 49°09′ 4630 8 3 0 0

FV Sund, Cruise 4 
(1974)

136 46°18′ 60°12′ ? 29 1 0 0
- 47°17′ 59′54′ 750 31 2 0 0

RV Dmitriy 
Mendeleev, Cruise 
43 (1989)

4109 38°40′ 48°10′ 5225 16 4 0 0

RV Eduardo 
Holmberg (2001)

EH 04/01 42°01′ 58°02′ 227 19 0 1 0

RV Polarstern ANT 
XIX/5 (LAMPOS) 
(2002)

145-1 54°1.36′ 62°1.3′ 272 61 0 0 1
147-1 54°32′ 55°55′ 413 65 0 0 1
150-1 54°30.22′ 56°8.2′ 290 64 0 0 1
153-1 54°32.75′ 56°09.84′ 296–299 64 0 0 1

“ICEFISH” cruise 
(2004)

14 53°02′32″ 59°08′03 470 56 0 0 1

Red Crab Spring 
Survey (DINARA) 
(2006)

- 37°00′ 53°59′ 500 11 1 0 0
- 37°00′ 54°08′ 500–800 10 1 0 0

RV Meteor, DIVA 
III (2009)

527 35°59.25′ 49°00.96′ 4568 3 0 1 0
531 35°56.50′ 48°53.90′ 4605 4 0 0 1
532 35°59.16′ 49°00.75′ 4605 3 4 5 0
533 36°00.20′ 49°01.96′ 4602 8 5 5 0
534 36°00.61′ 49°01.54′ 4608 8 5 4 0
535 35°59.22′ 49°00.95′ 4589 3 0 1 0

RV Puerto 
Deseado, COPLA 
II (2010)

3 38°41.05′ 55°56.93′ 208 13 1 1 0
11 42°19.99′ 58°24.96′ 284 19 1 1 0

RV Polarstern, 
Cruise PS77 
ANT-XXVII/3 
(CAMBIO) (2011)

208-2 54°32.27′ 56°9.78′ 282–283 64 0 0 1

RV Puerto 
Deseado, Talud I 
(2012)

6 37°58.337′ 55°8.915′ 530 9 0 1 0
12 37°57.9′ 54°31.92′ 1140 10 3 0 0

RV Puerto 
Deseado, Talud II 
(2013)

36 37°57′31″ 54°24′00″ 1289 10 1 0 0

RV Puerto 
Deseado, Talud III 
(2013)

46 38°5.310′ 53°39.988′ 3282 14 1 0 0
39 37°58′01″ 54°31′43″ 1144 10 1 0 0
59 37°47′42″ 54°05′15″ 1398 10 1 0 0

Table 7.1 (continued)
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Fig. 7.3 Number of records of isopods, cumaceans, and amphipods from the study area, sorted 
by decades

Fig. 7.4 Total number of stations and total number of records from the study area, sorted by depth 
ranges. For stations falling into two depth ranges, the lower depth was applied. Two stations with 
missing depth data and one with a broad depth range (0–2700 m) were omitted

B. L. Doti et al.
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Data for the isopods, cumaceans, and amphipods from the study area came from 
24 expeditions/vessels (Table 7.1). Although the highest number of stations (23) 
corresponded to the expedition of the RRS William Scoresby, the highest number of 
species (58) was registered by the RV Atlantis II 60 (Table 7.2). Remarkably, no 
amphipods have been reported from the latter expedition. A total of 204 species of 
Isopoda, Cumacea, and Amphipoda were compiled from the study area. Of these, 
47 (23.0%) species were found exclusively in this area; however, since the deep-sea 
bottoms are under-sampled, these species are not necessarily endemic ones.

Many species extend both in shallow and deep waters. Of the 204 species 
recorded, 51 (25.0%) were also found on the continental shelf adjacent to the study 
area (Table 7.2). In addition, remarkably wide distribution ranges have been reported 
for some species (Table 7.2). In particular, 48 (23.5%) of the 204 species recorded 
from the study area are also known from the North Atlantic. About half of the study 
area overlaps with the Sub-Antarctic region. Most precisely, localities south of 43°S 
belong to the Sub-Antarctic region (De Broyer and Danis 2011). Considering this 
overlap, it is not surprising that many species reported from the study area were also 
known from other localities of the Antarctic/Sub-Antarctic region (see column A/
SA in Table 7.2). However, it is noteworthy that 41 (20.1%) species reported from 
the study area north of 43°S were also found in the A/SA region (the SA sector of 
the study area was omitted in this calculation). Brief comments on each taxon are 
provided below.

7.3.2  Isopoda

Isopods were recorded from 86 stations (Table 7.1), beginning in the late nineteenth 
century with the Challenger Expedition (Beddard 1884, 1886). In terms of the num-
ber of species, the RV Vema and the RV Atlantis II 60 were the most successful 
expeditions (22 spp. recorded in each expedition), followed by the Soviet Antarctic 
Expedition (17 spp.) (Table 7.2). The highest number of stations (23) was reported 
by the RRS William Scoresby; however, only a few serolids (4 spp.) and valviferans 
(5 spp.) were obtained by this expedition (Tables 7.1 and 7.2). A total of 107 species 
was recorded from the study area (Table 7.2); Asellota being the most diverse sub-
order (63 spp., 13 families), followed by Valvifera (22 spp., 7 families), 
Sphaeromatidea (15 spp., 2 families), and Cymothoida (7 spp., 5 families). Among 
the Asellota, the largest number of species was found in Munnopsidae (24), but 
since this family is highly speciose in deep waters, this result is not unexpected.

Among the 107 species recorded, only 10 were found in five or more stations. In 
contrast, 64 (59.8%) species were found only at single stations (Table 7.2). Of the 
86 stations analyzed, 47 corresponded to depth between 200 and 1000 m (48 spp. 
recorded), 21 between 1000 and 3000 m (33 spp.), and 18 below 3000 m depth (44 
spp.). Acutiserolis neaera presented the broader bathymetric distribution, i.e., from 
239 m to 3730 m depth. The families Sphaeromatidae, Chaetiliidae, Rectarcturidae, 
Pseudidotheidae, Xenarcturidae, Janiridae, and Joeropsididae were reported 
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exclusively in less than 1000 m depth, whereas the families Echinothambemathidae, 
Haplomunnidae, Urstylidae, and most of the Munnopsidae were reported exclu-
sively in waters deeper than 3000 m depth.

Of the 107 species, 39 were found exclusively in the study area, whereas 20 were 
also recorded in the continental shelf adjacent to the study area. In addition, 43 spe-
cies were recorded from Antarctic and Sub-Antarctic waters. Finally, many species 
show a wide geographic distribution, e.g., 15 species recorded from the study area 
were also found in the North Atlantic (Table 7.2).

7.3.3  Cumacea

The cumaceans from off the Argentine coast had not received any attention until the 
second half of the last century. As in isopods, the highest number of species was 
collected by the RV Atlantis II 60 (36 spp.) and the RV Vema (13 spp.). In addition, 
the DIVA III expedition reported six species, and the RV Eltanin 6, RV Holmberg, 
COPLA II, and Talud I expeditions one species each (Table 7.2).

Cumaceans were retrieved from 34 stations, and the largest number of stations 
were visited by the RV Atlantis II 60 and the RV Vema (14 and 10 stations, respec-
tively) (Table 7.1). A total of 50 species was recorded from the study area. The fam-
ily Nannastacidae includes 28 species (56.0% of the species reported; see Table 7.2). 
Regarding the families Diastylidae and Leuconidae, 9 and 8 species were reported, 
respectively. In turn, for the family Bodotriidae, 3 species were reported, and for 
families Lampropidae and Ceratocumatidae, one species each. The family 
Nannastacidae has benefited from the comprehensive taxonomic revision published 
by the late Dr. Norman S. Jones (Port Erin, Isle of Man), who reported most of the 
cumaceans collected by the RV Atlantis II 60 (see Jones 1984). Concerning the 
Bodotriidae, as most of its members occurred in warm/temperate waters at depths 
of less than 200 m (Day 1975, 1978), the low number of species reported from the 
study area is not surprising. In contrast, being the Lampropidae a typical cold/deep-
water family, the single species registered might be the result of the little attention 
paid to the Cumacea from the study area. However, Mühlenhardt-Siegel (2011) 
reported that Lampropidae was one of the least speciose families in Antarctic deep- 
sea basins. Therefore, lampropids are not expected to be very diverse in the 
study area.

Of the 50 species recorded, 19 (38.0%) were found only at a single station 
(Table 7.2). Of the 34 stations analyzed, 12 were located between 200 and 1000 m 
depth (16  spp. recorded), 8 between 1000 and 3000  m (29 spp.), and 14 below 
3000 m depth (26 spp.). Thus, the depth range with the lowest number of stations 
has the highest number of species. Nine species reported from the study area were 
also found on the adjacent continental shelf. Many of the species listed have a large 
range of distribution, i.e., 27 species were found on both the South and the North 
Atlantic. In contrast, just four species have not been found outside the study area. 
However, as vast extensions of the Atlantic remain unexplored, these four species 

7 Biodiversity of Deep-Sea Isopods, Cumaceans, and Amphipods off Argentina



184

cannot be referred to as endemic. Finally, 17 species found off the Argentine coast 
were also reported from Antarctic and Sub-Antarctic waters.

7.3.4  Amphipoda

A total of 47 amphipod species were recorded from the study area, which were col-
lected at 35 stations carried out by 13 oceanographic expeditions (Tables 7.1 and 
7.2). Almost half of the 35 stations reported were sampled by the RV Eltanin and the 
RV Vema expeditions (10 and 7 stations, respectively). These research vessels also 
collected the highest number of species, 18 and 12, respectively (Tables 7.1 and 7.2).

The 47 amphipods recorded belong to 22 families and 35 genera. The family 
with the highest number of species was Caprellidae (8 spp.), followed by 
Liljeborgiidae and Iphimediidae (4 spp. each). As Caprellidae is not a highly diverse 
family in the deep sea (De Broyer et al. 2004), the relatively high number of species 
reported from the study area seems to be the result of the exhaustive taxonomic revi-
sion prepared by McCain and Gray (1971) (Table 7.2). Of the 35 stations reported, 
22 were located between 200 and 1000 m depth (27 spp. recorded), 9 between 1000 
and 3000 m depth (17 spp.), and 4 below 3000 m depth (4 spp.). Most of the species 
collected came from the shelf break zone, i.e., of the 47 species recorded, as many 
as 20 were collected exclusively between 200 and 500 m depth and just 9 below 
1500 m depth.

Most of the amphipods reported have single records, i.e., 40 of the 47 species 
recorded were found only once (Table 7.2). This result reflects the little attention 
paid to the amphipods from off the Argentine coast. Certainly, the amphipod diver-
sity is underestimated. Regarding the geographical distribution, of the 47 amphipod 
recorded, just 5 species were reported exclusively from the study area, whereas 22 
were also recorded from the adjacent continental shelf. In addition, 35 (74.5%) spe-
cies are also known from the Antarctic/Sub-Antarctic waters, and 15 species show 
a wide geographic distribution (Table 7.2).

7.4  Discussion

Our knowledge on the deep-sea isopod, cumacean, and amphipod species from off 
the Argentine coast is quite incomplete. The scarcity in taxonomic information 
became evident when the number of species reported from this area is compared 
with nearby deep-sea localities, such as the Atlantic sector of the Southern Ocean 
and the Angola Basin (see Brandt et  al. 2005, 2007). The lack of knowledge on 
regional deep-sea peracarids is linked to several issues. One problem is the wide 
areas that still remain under-sampled. Another impediment is the scarce number of 
trained taxonomists working on this fauna (see also Coleman 2015). The fact that 
most of the species reported from the study area are deposited in museums mainly 
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in the USA and Europe also represents a significant inconvenience at the time of 
identifying the local fauna.

The Atlantic II 60 has been the most successful survey carried out in the Argentine 
deep-sea floor during the last century. A high number of isopod and cumacean spe-
cies were reported by this survey, e.g., as many as 27 species were retrieved from a 
single station (Sta. 245). The isopods from this survey were studied by Joseph 
F. Siebeneller and Robert R. Hessler (nannoniscids), David Thistle (ilyarachnids), 
Brian Kensley (anthuriids), and George D. F. Wilson (haplomunnids and some mun-
nopsids), among others. The cumaceans were studied mainly by Norman S. Jones 
(1984), who focused on the nannastacids. In contrast, nobody has studied the 
amphipods from this survey.

Many of the species recorded from the study area have a wide distribution range; 
i.e., 48 of the species recorded from this area are also known from the North Atlantic. 
Molecular studies on peracarids, however, have recently documented that some 
widely distributed species are indeed assemblages of cryptic species (e.g., Brandt 
et al. 2012; Raupach and Wägele 2006; Raupach et al. 2007; Brökeland and Raupach 
2008; d’Udekem d’Acoz and Havermans 2015). Some of the 48 species recorded 
from both the South and North Atlantic may be complexes of cryptic species as 
well. Hence, the status of these widespread species should be confirmed based on 
morphological and molecular evidence.

The finding of as many as 122 singletons (species recorded only once) in the 
study area may be an artifact of under-sampling (only 24.6% of the one-degree 
squares shown on the maps have been sampled; see Fig. 7.1). Another possibility is 
that singletons reflect a patchy distribution of these species. It should be noted that 
a high number of singletons were also reported from other deep-sea areas (see 
Brandt et al. 2007; Brix et al. 2018a).

Recent studies have identified submarine canyons as potential hotspots of biodi-
versity (Tyler et al. 2009; De Leo et al. 2010; De Leo and Puig 2018, among others). 
Along the Argentine Continental Margin, four main submarine canyon systems 
have been reported (Bozzano et  al. 2017); however, their biodiversity remains 
almost unknown. To investigate this fauna, the surveys TALUD I-III were carried 
out to the Mar del Plata submarine canyon by the RV Puerto Deseado in 2012 and 
2013. A large number of isopods, cumaceans, and amphipods have been collected 
during these surveys, and at least 89 species, many of them new to science, have 
been gathered from a single station (unpubl. data); thus, many new species and new 
records from this submarine canyon will be published in the near future.

Finally, it should be noticed that the scattered records and the dissimilar sam-
pling effort performed in the study area prevent investigating any potential latitudi-
nal diversity gradients (LSDGs). Furthermore, due to the scarce knowledge on 
South Atlantic deep-sea isopods, LSDGs analyses are restricted to the species 
inhabiting the North Atlantic (see Rex et  al. 1993; Gage et  al. 2004). Besides, 
Watling (2009), in an attempt to define biogeographic provinces in the deep Atlantic 
based on the deep-sea cumacean distribution, failed to separate South-Atlantic 
provinces, once again because of the relatively few species recorded in the southern 
Atlantic. Further sampling programs and exhaustive taxonomic works are greatly 
needed to overcome this situation.
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Chapter 8
Benthic Invertebrate Communities 
in the Continental Margin Sediments 
of the Monterey Bay Area

J. S. Oliver, K. K. Hammerstrom, L. A. Kuhnz, P. N. Slattery,  
J. M. Oakden, and S. L. Kim

Abstract We observed high diversity (species density) of infaunal invertebrates 
from the mid-shelf (50 m) to the upper slope (325 m) with high abundance and low 
dominance along 4 depth transects ranging from 10 to 2000 m. The highest shallow 
water diversity recorded worldwide was at the shelf-slope break (109–150 m) with 
a peak of 185 species 0.1 m-2 (449 m-2, this work and Oliver JS, Hammerstrom K, 
McPhee-Shaw E, Slattery P, Oakden J, Kim S, Hartwell SI, Mar Ecol 32:278–288, 
2011). The peak included a large number of species and individuals of small nest-
ling amphipods. The most abundant genera were Photis, Aoroides, and Gammaropsis. 
The percentages of crustacean species (40%) and individuals (60%) were extremely 
high as well. A large caprellid amphipod, Tritella tenuissima, was the most abun-
dant animal found in our survey (387 individuals 0.1 m-2), and characterized the 
mixed gravel bottoms on the upper slope. We discovered a dense tube mat of rela-
tively large ampeliscid amphipods at the upper margin of the oxygen minimum zone 
(700  m). This was the most distinct community cluster and was dominated by 
Ampelisca unsocalae and Byblis barbarensis. The percentage of crustacean species 
(40%) and individuals (67%) were also highest here. This is the only ampeliscid 
tube mat known from deep water and is ecologically similar to extensive shallow- 
water ampeliscid mats in the Bering and Chukchi Seas, the primary feeding grounds 
of gray whales. The diverse and abundant continental margin communities occurred 
in a dynamic, current-swept upwelling center with complex topography. Diversity 
decreased below the upper slope and on the wave-swept inner shelf, where there 
was another dramatic crustacean pattern. These shifting sands were dominated by 
burrowing amphipods (phoxocephalids and haustoriids) and small ostracods in the 
1970s that were rare in the present survey. In total, we collected 938 invertebrate 
species, including 431 polychaetes, 270 crustaceans, 171 mollusks, and 38 echino-
derms in 123 samples. More than any other taxa, the crustaceans characterized the 
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most unique and interesting community patterns along the continental margin of the 
Monterey Bay area.

Keywords Benthic community patterns · California · Continental margin infauna 
· High diversity · High species density · Monterey Bay · USA

8.1  Introduction

Thorson (1957) was the first to emphasize the zonation of benthic invertebrates on 
the continental shelf. He called these parallel bottom communities, where often 
there is a faunal band or zone in wave swept sands that gradually grades to other 
faunal zones in finer sediments with increasing water depth. Along the west coast of 
North America, similar parallel bottoms or faunal zones were first described in 
Southern California (Barnard and Ziesenhenne 1961), where there has been exten-
sive benthic sampling related to sewage discharges and, later, regional monitoring 
programs (Stull et al. 1986; Swartz et al. 1986; Ranasinghe et al. 2007). The taxo-
nomic work and standardization that accompanied these surveys benefited benthic 
sampling to the south and far to the north. The work we present here would have 
been much more difficult and perhaps impossible without the taxonomy fueled by 
pollution surveys in the Southern California Bight.

Here we present the first extensive sampling of infaunal invertebrates along the 
continental margin of central and northern California. The continental margin 
includes the shelf, slope, and rise that fringe most ocean basins. Only the shallow 
shelf communities were previously described in Monterey Bay (Hodgson and 
Nybakken 1973; Oliver et al. 1980, 2008; Slattery 1985). Sampling around local 
sewer discharges was conducted in shallow water, was unpublished, and was 
recently terminated in favor of a regional sampling program focused in the center of 
the mud belt at 80  m (Oliver et  al. 2011). The original quantitative descriptions 
provide the first baselines to compare with future ecological conditions. Of course 
this is a sliding baseline, but any baseline is better than none.

Telecommunication companies funded the present survey as part of a failed 
effort to bring fiber optic cables across the Pacific Ocean and into the Monterey Bay 
National Marine Sanctuary. This survey produced the first extensive ecological 
baselines for seafloor communities along our continental margin. Benthic inverte-
brate communities were described from 10 m to 2000 m, highlighted by the surpris-
ing contributions from the crustaceans, mostly amphipods, other peracarids, and a 
few species of ostracods.
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8.2  Methods

Benthic invertebrate communities living in sedimentary environments (infauna) 
were sampled along four depth transects extending from the inner continental shelf 
to the deep slope (Figs. 8.1 and 8.2, Appendix 8.5.1). Each transect was a potential 
path for a submarine fiber optic cable. Hard substrates and areas with massive sedi-
ment movements like the axes of the Monterey Canyon were avoided because the 
cable needed to be buried into relatively stable sediment at a minimum depth of 
50  cm. We selected sampling stations at regular depth intervals for comparisons 
among transects.

Benthic samples were taken with a Smith-McIntyre grab between June and 
August 1999. Five replicate grabs (each 0.1 m2) were taken from each station for 
benthic invertebrate communities, and one grab was taken for sediment sampling. A 
box corer (0.1  m2) was used to sample the deepest stations (1000–2000  m) in 
October 1999. Community samples were washed through 0.5  mm mesh Nitex 

Fig. 8.1 Location of benthic sampling stations along four depth transects in the Monterey Bay 
area (Basemap: Google Earth 2019). Transect 1 (T1)  =  circles, Transect 2 (T2)  =  plus signs, 
Transect 3 (T3) = squares, and Transect 4 (T4) = triangles. 100, 1000, and 2000 m contour lines 
shown in red. Inset shows location of Monterey Bay in California

8 Benthic Invertebrates Communities in Sediments, Monterey Bay Area
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(nylon) sieves. Approximately 10% of the samples were washed through a 0.3 mm 
screen after the 0.5 mm screen to document potential loss from the 0.5 mm mesh.

Sieved infaunal samples were placed in a 7% solution of magnesium chloride for 
2 h to relax the animals prior to fixation. They were preserved in a 4% solution of 
formaldehyde for 2 days and then transferred to 70% isopropyl alcohol for long- 
term storage and sorting. Animals were sorted from the screen residues, identified 
to the lowest taxon possible, and counted. Biomass of the main animal groups (crus-
taceans, mollusks, echinoderms, and other) was measured as total blotted wet 
weight on an electronic scale. Biomass of polychaete worms was measured by vol-
ume, which was converted to weight, because polychaetes are particularly vulnera-
ble to damage from desiccation during the weighing process.

Primer v 6 was used to examine community patterns (Clarke and Warwick 2001). 
Non-metric multidimensional scaling (MDS) was used to visualize the ranked sam-
ple similarities using a Bray-Curtis similarity matrix and fourth-root transformed 
abundance data. Fourth root transformation was selected to lessen the impact of 
numerically dominant species and allow less abundant species to influence the 
resulting MDS plot patterns. Similarly, cluster analysis was used to portray group-
ings of samples as determined by the Bray-Curtis similarity matrix. A SIMPROF 
test identified sample patterns in the cluster analysis in which the species and abun-
dance are statistically indistinguishable at the α = 0.05 significance level.

Sediment grain size was measured by wet sieving and weighing surface sedi-
ments in general size categories (clay, silt, sand, gravel). These sediment samples 
were the top 2 cm of a 3 cm diameter core taken from the grab or box core sample 
designated for sediment sampling. Microscopic analysis of sediments larger than 63 
microns was conducted to obtain results for glauconite pellet analysis.

Two ROVs were used to examine each transect as a potential path for the subma-
rine cable, providing photographs of the general habitat as well as estimates of 

Fig. 8.2 Schematic of major sedimentary habitats along the continental margin of the Monterey 
Bay Area showing the inner shelf, mid-shelf and mud zone, shelf-slope break, upper slope, oxygen 
minimum zone, and lower slope. Areas of increased water motion are indicated by arrows
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physical and biogenic structures and the abundance of megafaunal invertebrates. 
We took 10 replicate samples from ROV videos around each infaunal station along 
transects 1 and 2 from 30 to 2000 m (Fig. 8.1 and Appendix 8.5.1). Each replicate 
sample was 1 × 25 m (25 m2). We counted megafaunal invertebrates and large pits 
and mounds (<15 cm in diameter) in each video sample. A Phantom DS4 ROV with 
a Benthos Model 387 35  mm camera and a Simrad Color Zoom Video camera 
(model OE1366) was towed along each transect from 25 to 500 m. A Remora ROV 
was used deeper than 500 m and was equipped with a Photosea 1000 35 mm cam-
era, a Simrad 3500 YC video camera, a Simrad Color Zoom camera (model 
OE1366), a NTSC wide-angle black and white video camera, five spot lights, and 
2 MW C-map lasers.

8.3  Results and Discussion

A total of 123 0.1 m−2 grab samples and 47 grain size samples were taken and pro-
cessed from the four transects (Appendix 8.5.1). Not all depths were sampled on all 
transects because of logistical problems, storms, or firm bottoms that the grab could 
not adequately penetrate. The most complete sampling and sample processing was 
done on transect 1, because our main interest was central Monterey Bay (Appendix 
8.5.1). We were unable to process completely all five replicate samples at each sta-
tion, but we processed at least two replicates from each station. The number of grab 
samples processed from each station is shown in Appendix 8.5.1.

Samples sieved through a 0.3 mm sieve in addition to the 0.5 mm sieve demon-
strated that we captured the vast majority of the infauna on the larger screen. Only a 
few small individuals were found on the 0.3 mm screen, which is typically used in 
deeper water where animal size is often smaller than along the shelf. Even the animals 
from the deepest water were relatively large along this high production, upwelling 
continental margin. In addition, the screen residues often contained large volumes of 
glauconite and woody debris, which made it difficult for smaller infauna to pass 
through the 0.5 mm mesh. All the data reported here are from the 0.5 mm screen.

8.3.1  Sediments

Sand dominated the inner shelf sediments (10–50 m) (Figs. 8.2 and 8.3). The mud 
belt was common from 60 to 90 m, often centered in 80 m. Silt and clay (mud) 
characterized the mud zone on the shelf and the slope sediments beyond the oxygen 
minimum zone (Figs. 8.2 and 8.3). Gravel was common mostly at the 325 m and 
450 m depths (Fig. 8.3), where the grab was often unable to obtain good samples, 
requiring additional grab deployments until an adequate sample depth was obtained.

Soft, coarse, sand-sized pellets covered in a thin veneer of dark glauconite 
(Appendix 8.5.2.1) were a major component of the sediment from 450 to 1000 m 
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along our transects (Table 8.1). Since glauconite pellets were sand-sized, they are 
included in that fraction (Fig. 8.3). Like our results, previous studies at Point Sur 
(south of Monterey Bay and our study area) documented abundant glauconite pellet 
deposits at the shallow edge and throughout the oxygen minimum zone (Mullins 
et al. 1985). In both locations, glauconite was rare along most of the continental 
shelf (10–90 m).

Fig. 8.3 Sediment grain size along the four depth transects by % wet weight and size fraction
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8.3.2  Benthic Communities

Cluster analysis showed a distinct similarity in species composition and secondarily 
relative abundance with changes in water depth (Figs. 8.4, 8.5, and 8.6). There were 
two ways to visualize this pattern: MDS plots and dendrograms. We created an 
MDS plot for transect 1, which was the most intensively sampled (Fig. 8.4), and for 
all four transects combined (Fig. 8.5). The depth patterns were easier to see along 
the single transect in the MDS plot (Fig. 8.4). The most distinct cluster was the 
samples from 700 m (blue triangles). The deepest samples from 1000 to 2000 m 
clustered together and were distinct from all other depths (orange symbols). The 
shelf and upper slope samples form a gradient of clusters at the top of the figure with 

Table 8.1 Percent glauconite found in microscopic analysis of sediments. Shown are values for 
selected depths and transects. nd = no data

Transects
Depth 1 2 3 4 Mean SD

90 5 0 0 0 1 2.5
109 25 15 0 0 10 12.3
150 65 8 90 0 41 43.8
325 20 10 90 50 43 35.9
450 90 70 90 70 80 11.6
700 80 90 nd 90 87 5.8

1000 90 nd 65 80 78 12.6

Fig. 8.4 Multidimensional scaling diagram (MDS plot) based on ranked sample similarities for 
transect one at the Monterey Submarine Canyon. Symbols indicate sample depths
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Fig. 8.5 MDS plot based on ranked sample similarities for all four transects in the Monterey Bay 
area. Symbols indicate sample depths with transects pooled by depth

Fig. 8.6 Dendogram based on cluster analysis for transect one at the Monterey Submarine 
Canyon. Clusters of water depths connected by dashed orange lines (e.g., all 10 m samples) are not 
significantly different from each other at P-value = 0.05 but are significantly different from other 
clusters of connected orange lines

J. S. Oliver et al.
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the shallowest stations (10 m) on the left end and the deepest (325, 450 m) on the 
right end of the MDS plot (Fig. 8.4). In this broad cluster cloud, there were distinct 
sample clusters for 10, 20, 30, 50–60, 90–109, 150, and 325–450 m (Fig. 8.4).

The same general depth patterns emerged when all transects were combined 
(Fig. 8.5). Samples from 700 m were most distinct, followed by those from 1000 to 
2000 m, with a broad cluster cloud of samples from the shelf and upper slope, show-
ing a progression of clusters from 10 to 450 m (Fig. 8.5).

The dendogram showed the clustering of samples by depth very clearly along the 
bottom axis of the diagram (Fig. 8.6). These samples were only from transect 1. The 
dendogram also showed the different levels of similarity within and between depths, 
groups of samples that were statistically distinct within and between depths (clus-
ters connected by orange dotted lines), and outliers (solid black lines) that clustered 
with the right water depth but were statistically different from the other samples at 
that depth (SIMPROF test, Fig. 8.6). The dendogram for all the transects combined 
showed the same distinct clustering with water depth, but the details were more dif-
ficult to see here without a magnifying glass (Appendix 8.5.3). Since the samples 
clustered so strongly with water depth, we present the data by depth in the following 
sections.

8.3.3  Diversity and Abundance

The number of species was extremely high from the mid-shelf (50–90 m) to the 
shelf-slope break (109–150 m) to the upper slope (325 m) (Figs. 8.7 and 8.8). The 
number of species per unit area is the best measure of community diversity at our 
sampling scale (Oliver et al. 2011). Therefore, in this presentation, diversity always 
refers to species density, species per unit area of seafloor. Diversity increased along 
the inner shelf to the mid-shelf high and decreased from the upper to the lower slope 
(Figs. 8.7 and 8.8). The inner shelf (10–30 m) and the deeper slope (700–2000 m) 
were the least diverse locations. The general depth patterns were similar when all 
four transects were combined (Fig. 8.7) and presented separately (Fig. 8.8).

The number of individuals showed a similar pattern (Fig. 8.9), increasing from 
the inner to mid-shelf, peaking around the shelf-slope break and upper slope, and 
decreasing from the upper to the lower slope with a much smaller secondary peak 
in the oxygen minimum zone (700 m). These patterns were similar when the four 
transects were presented separately (Fig. 8.9). Simpson’s dominance showed the 
opposite pattern, peaking at the shallowest depth (10 m), and from the oxygen mini-
mum zone into deeper water (Figs. 8.7 and 8.10). Dominance was very low from 20 
to 450 m. Even the highest peak in dominance (1500 m) was relatively low com-
pared to other geographic locations with high dominance (above 0.5). Evenness is 
the reciprocal of dominance. So in general, the number of individuals was evenly 
dispersed among the species along the entire continental margin; dominance was 
low (Figs. 8.7 and 8.10).
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The benthic communities did not show a shift in motility with water depth 
(Table 8.2). Each species was assigned to a motility group after Fauchald and Jumars 
(1979) and Macdonald et al. (2010). The three groups are completely sessile, dis-
cretely motile (able to move but movement is not necessary for feeding), and motile 

Fig. 8.7 Total number of species (top), individuals (middle), and dominance (bottom) with water 
depth when all transects are pooled (means and standard deviations based on grab numbers shown 
in Tables 8.2, 8.3, and 8.4)
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(movement is required for feeding). As in Fig. 8.7, all transects were combined. 
Sessile infaunal animals were rare along the entire continental margin, for both the 
number of species and individuals (Table 8.2). Even if the sessile and discretely 
motile groups were combined into a relatively sessile group, there was little differ-
ence between this relatively sessile group and the motile group from 10 to 2000 m 
(Table 8.2). We expected an increase in the percentage of motile groups in deeper 
water, but this did not occur along this highly productive, upwelling continental 
margin (Table 8.2).

Fig. 8.8 Total number of species along the four depth transects (means and standard deviations 
based on grab numbers shown in Tables 8.5 and 8.6)
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The biomass of benthic invertebrates was strongly influenced by a few large 
animals, usually ophiuroids or other echinoderms (Fig. 8.11). Large moon snails 
(Euspira pallida) accounted for the biomass peak at 30 m. Excluding these few 
large animals, most of the biomass was from polychaete worms, which was usu-
ally about 10 times greater than crustacean biomass. However, the crustacean bio-
mass had two major peaks at 150 m and 700 m. There also was a peak in crustacean 
species and individuals at 150 m and a secondary peak in crustacean individuals at 
700  m, where there were many large amphipods (see Oxygen Minimum 
Zone below).

The megafaunal invertebrates observed with the ROVs were mostly epifaunal 
species with much lower numbers of species and individuals than the macrofauna 
(animals collected on a 0.5 mm screen) discussed thus far. Unless otherwise indi-
cated, all the megafauna numbers were means of the ten replicates at each depth, 
pooling replicates from transects 1 and 2. There was a distinct depth pattern. The 
shallowest stations sampled (30–90 m) had fewer species and individuals per 25 m2 
than all of the deeper stations (109–2000 m). There was an average of 2 species and 
8 individuals at the shallow stations, compared to 5 species and 36 individuals per 
25 m2 from 109 to 2000 m. There was no overlap in the numbers from the two depth 
zones, so the differences would likely be statistically significant.

Table 8.2 Percentage of three mobility groups with depth when all transects are pooled. % Sp = 
percent of total number of species, % Ind = percent of total number of individuals

Sessile
Discretely 
motile Motile

Total 
species

Total 
individuals

Number of 
grabs

Depth 
(m)

% 
Sp

% 
Ind % Sp

% 
Ind

% 
Sp

% 
Ind

10 3 <1 45 51 52 48 89 1570 5
20 2 9 52 56 46 35 104 1143 5
30 2 <1 43 38 55 62 262 3527 9
50 4 1 50 58 46 41 276 3696 6
60 4 1 52 62 44 37 284 6398 8
90 5 2 48 61 47 37 300 6612 11
109 4 2 45 69 51 28 401 8690 11
150 4 2 43 51 53 48 367 9094 10
325 3 1 44 38 53 61 266 5077 6
450 2 1 46 45 52 53 264 3955 11
700 3 6 45 79 52 15 143 6219 14
1000 3 1 50 65 47 34 149 2290 11
1200 5 1 53 63 42 35 123 1429 7
1500 6 2 45 78 49 20 82 586 4
2000 3 3 53 62 44 35 104 427 4
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8.3.4  Major Taxonomic Groups

Polychaete worms and crustaceans dominated the number of species and individu-
als in marine sediments (Table 8.3). Combining all transects and water depths, these 
two taxonomic groups account for an average of 78% of the species (ranging from 
69 to 87%), and 82% of the individuals (ranging from 62 to 95%) (Table 8.3). We 
collected a total of 938 species of benthic invertebrates, including 431 polychaete 
species, 270 crustacean species, 171 molluscan species, and 38 species of 
echinoderms.

The percentage of crustacean species was highest at the shelf-slope break (34% 
at 109 m, 41% at 150 m) and the oxygen minimum zone (40% at 700 m). They were 
also high at the shallowest, most wave-swept station (28% at 10 m) and the upper 
slope (29% at 325 m, 26% at 450 m). The percentage of crustacean individuals was 
high from the shelf-slope break to the oxygen minimum zone, where they peaked at 
67% of the number of individuals sampled at 700 m (Table 8.3). The peracarids 
accounted for 92% of the crustacean species, and 64% of these were species of 
amphipods. We collected a total of 159 species of amphipods, 38 species of 
cumaceans, 29 species of isopods, 19 species of tanaids, and 3 species of mysids. 
The percentage of amphipods was high at all depths, peaking in the oxygen mini-
mum zone for both species and individuals. Cumaceans, isopods, and mysids were 
more common on the shelf, and tanaids along the deeper slope (Table  8.4). 
Amphipods were clearly the dominant crustacean group (Table  8.4). So the two 

Table 8.3 Percent number of species and individuals in major taxonomic groups with depth when 
all transects are combined. % Sp = percent of total number of species; % Ind = percent of total 
number of individuals. Means are per grab

Depth 
(m)

Crustacea Polychaeta Mollusca Echinodermata Mean number
N grabs% Sp % Ind % Sp % Ind % Sp % Ind % Sp % Ind Sp Ind

10 28 15 52 77 15 6 1 <1 42 314 5
20 17 20 60 64 17 11 <1 <1 54 229 5
30 21 20 49 41 25 31 3 2 72 392 9
50 13 10 60 58 18 18 3 4 114 616 6
60 12 7 60 59 19 19 5 8 116 784 8
90 18 10 61 73 14 10 4 5 102 601 11
109 34 35 46 52 11 7 4 3 110 790 11
150 41 59 42 33 11 5 3 1 120 909 10
325 29 37 50 45 11 9 6 4 95 846 6
450 26 20 55 58 12 11 4 5 64 359 11
700 40 67 46 30 9 2 1 <1 38 444 14
1000 15 4 61 72 10 11 4 2 38 208 11
1200 10 4 69 81 12 6 3 1 45 204 7
1500 7 2 69 90 12 4 4 1 31 147 4
2000 10 5 77 81 7 10 <1 <1 38 107 4
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major groups of benthic invertebrates along the continental margin were amphipod 
crustaceans and polychaete worms.

The percentage of polychaete species was high at all water depths, ranging from 
42 to 69% (Table 8.3). The percentage of polychaete individuals ranged from 41 to 
90%, excluding the 150 m (33%) and 700 m (30%) stations, where the percentage 
of crustacean individuals was highest (Table 8.3). Unlike the crustaceans, the poly-
chaetes showed no pattern of change with water depth, in both the number of spe-
cies and individuals (Tables 8.3, 8.5, and 8.6). There were many families of 
polychaetes, but although some families appeared to be more characteristic of the 
deeper slope (paranoids, cossurids, cirratulids, pilargids), even this pattern was weak.

Mollusks and echinoderms were the only other major taxonomic groups that 
were relatively common or abundant in our survey. They showed little pattern with 
depth (Table 8.3). Mollusks averaged 13% of the species and 11% of the individu-
als. Echinoderms were 3% of the species and 2% of the individuals. The percentage 
of mollusk species (25%) and individuals (31%) was only high at 30 m (Table 8.3), 
because of many abundant species of gastropods on transect 3 (Tables 8.5 and 8.6; 
Appendix 8.5.4). Most of the changes in major taxonomic groups discussed so far 
were derived from the percentages in Table 8.3. If the actual number of species and 
individuals per sample are examined (Tables 8.5 and 8.6), the patterns among the 
taxonomic groups and with water depth were similar. Below we consider commu-
nity patterns in relation to the major sedimentary habitats shown in Fig. 8.2.

Table 8.4 Percent number of species and individuals of five orders of peracarid crustaceans with 
depth when all transects are combined. % Sp = percent of total number of peracarid species; % Ind 
= percent of total number of peracarid individuals. Means are per grab

Depth 
(m)

Amphipoda Cumacea Isopoda Mysida Tanaidacea
Mean 
Peracarida

N 
grabs% Sp % Ind

% 
Sp

% 
Ind

% 
Sp

% 
Ind

% 
Sp

% 
Ind

% 
Sp

% 
Ind Sp Ind

10 41 48 31 31 26 21 2 <1 0 0 11 45 5
20 46 31 32 49 20 19 2 <1 0 0 8 39 5
30 57 30 25 59 17 11 0 0 1 <1 13 67 9
50 57 43 24 37 16 19 2 <1 1 1 14 52 6
60 58 53 19 26 21 20 2 1 0 0 13 59 8
90 62 63 18 20 17 16 0 0 2 1 16 50 11
109 63 72 20 12 12 14 0 0 5 2 31 298 11
150 67 86 14 4 12 7 <1 0 7 3 40 388 10
325 66 82 6 1 12 3 0 0 17 14 25 382 6
450 75 84 5 3 6 4 1 <1 13 9 15 57 11
700 75 96 13 2 2 <1 0 0 10 1 15 299 14
1000 70 70 20 21 2 1 0 0 9 8 6 9 11
1200 37 39 14 12 23 20 0 0 26 28 4 8 7
1500 31 31 29 25 0 0 0 0 40 44 2 3 4
2000 45 51 20 18 11 7 0 0 24 23 4 6 4
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Table 8.5 Mean number of species and the mean number in each major taxonomic group along 
the four depth transects (means and standard deviations based on N grab samples)

Total Species Crustacea Polychaeta Mollusca Echinodermata
Depth Mean SD Mean SD Mean SD Mean SD Mean SD N

Transect 1
10 42 7 12 1 22 4 7 3 1 1 5
20 54 8 9 2 32 4 9 4 <1 <1 5
30 77 12 14 7 41 6 18 3 1 1 5
50 142 43 27 21 75 16 27 4 8 2 2
60 101 7 12 4 57 3 23 0 5 1 2
90 107 16 18 2 67 9 16 4 3 3 5
109 76 25 28 3 33 21 9 4 2 3 5
150 114 41 51 2 45 34 11 3 3 2 4
325 109 8 39 1 51 5 6 2 8 1 2
450 54 10 20 1 22 8 7 1 2 1 2
700 38 8 14 5 18 3 3 <1 <1 <1 5
1000 31 11 5 3 16 9 4 2 2 1 5
1200 50 1 5 2 32 2 8 2 1 0 2
1500 32 8 1 0 22 3 4 3 1 1 2
2000 52 7 7 1 39 8 5 3 1 1 2
Depth Mean SD Mean SD Mean SD Mean SD Mean SD N
Transect 2
60 130 2 16 2 77 1 28 3 6 1 2
90 92 5 13 4 56 6 15 2 5 1 2
109 181 6 54 1 80 14 29 21 9 1 2
150 143 6 49 0 72 2 14 1 4 0 2
450 67 9 13 3 43 5 5 3 3 1 5
700 33 3 13 2 16 2 3 2 <1 <1 5
1000 49 3 8 4 31 3 4 1 2 1 2
1200 44 5 4 2 31 1 5 3 2 1 3
Depth Mean SD Mean SD Mean SD Mean SD Mean SD N
Transect 3
30 74 3 17 1 31 4 23 1 3 1 2
50 92 10 11 2 61 9 11 1 3 0 2
60 116 9 15 1 69 6 23 2 6 0 2
90 98 18 23 7 60 13 8 4 6 1 2
109 134 1 36 2 75 0 10 1 9 2 2
150 109 15 33 6 56 8 14 1 3 0 2
325 84 11 22 0 41 8 11 4 4 1 2
450 60 4 13 0 34 0 10 3 2 1 2
700 41 1 22 0 12 2 5 0 1 1 2
1000 42 6 5 3 29 3 3 1 2 0 2
1200 41 15 4 2 30 8 4 4 <1 1 2
1500 31 3 3 1 21 1 4 4 2 1 2
2000 24 1 2 0 19 1 1 0 0 0 2

(continued)
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8.3.5  Depth Patterns

8.3.5.1  Inner Shelf (10–30 m)

The inner shelf was exposed to extensive wave disturbance at 10 m, decreasing in 
intensity as depth increased to 30 m (Fig. 8.2). The sandy sediments (Fig. 8.3) were 
transported into distinct parallel ripple marks. The diversity and abundance were the 
lowest for the inner shelf compared to the mid-shelf, shelf break, and upper slope 
(Figs. 8.7, 8.8, and 8.9). But the diversity at the inner shelf was still higher than any 
stations from the oxygen minimum zone to 2000 m, and abundance was higher than 
any of the deep slope stations (1000–2000 m) (Figs. 8.7, 8.8, and 8.9). The 30 m 
stations were a transition from strong wave disturbance (at 10–20 m) to little wave 
disturbance on the mid-shelf (Fig. 8.2).

The 30 m station at transect 3 had a uniquely high number of species and indi-
viduals of gastropod mollusks. The station had a typical level of diversity (Table 8.5), 
but nearly twice as many total individuals as the other 30 m stations (Table 8.6). 
Half of the ten most abundant species were small gastropods: Alvania rosana, 
Cingula sp., Odostomia angularis, Odostomia sp., and Turbonilla sp. (Appendix 
8.5.4). In total, there were 25 species of gastropods from the two replicate grabs 
taken here with a mean abundance of 18/grab. In comparison, the 30 m station on 
transect 1 had 13 species in five grabs with a mean abundance of less than 1/grab. 
Transect 4 had the only other 30 m station, where there were 8 species of gastropods 
in two grabs with a mean abundance of less than 1/grab. No other station at any 
depth had the large number of gastropods (species and individuals) found at 30 m 
on transect 3. Perhaps they were associated with a mixed rocky bottom, since grab 
samples were difficult to obtain here and there were fringing kelp forests on shale 
reefs along this section of coast. We did not obtain a sediment sample from this sta-
tion because of low grab penetration.

Table 8.5 (continued)

Total Species Crustacea Polychaeta Mollusca Echinodermata
Depth Mean SD Mean SD Mean SD Mean SD Mean SD N

Transect 4
30 57 1 16 1 25 2 13 1 3 1 2
50 108 5 10 1 65 4 25 1 3 1 2
60 117 18 15 2 76 1 15 14 7 1 2
90 101 6 18 1 59 2 14 4 5 3 2

109 99 22 29 2 53 24 8 2 7 1 2
150 121 3 47 3 49 2 18 1 4 0 2
325 94 4 21 3 51 3 13 1 5 4 2
450 68 9 24 3 30 1 10 1 3 2 2
700 43 3 16 3 25 6 0 0 0 0 2

1000 43 21 5 3 30 11 5 4 1 1 2
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Table 8.6 Total number of individuals and number in each major taxonomic group along the four 
depth transects (means and standard deviations based on N grab samples)

Individuals Crustacea Polychaeta Mollusca Echinodermata
Depth Mean SD Mean SD Mean SD Mean SD Mean SD N

Transect 1
10 314 124 48 21 241 94 19 13 1 1 5
20 229 63 46 10 147 42 27 14 <1 <1 5
30 313 49 71 42 129 15 80 15 1 2 5
50 659 125 118 90 337 19 140 13 32 0 2
60 573 18 32 1 284 19 145 13 93 30 2
90 527 104 51 8 394 84 62 11 10 16 5

109 340 127 103 23 192 101 29 12 5 8 5
150 886 148 657 83 185 163 20 4 10 14 4
325 1752 692 1072 806 473 149 18 13 70 16 2
450 183 32 56 16 79 23 26 2 2 1 2
700 362 116 221 83 126 48 8 2 <1 1 5

1000 151 81 7 5 103 95 25 24 2 2 5
1200 227 9 7 0 177 8 18 1 4 3 2
1500 145 34 1 0 129 23 8 8 2 3 2
2000 161 11 10 4 123 7 24 20 1 1 2
Depth Mean SD Mean SD Mean SD Mean SD Mean SD N
Transect 2

60 1035 148 98 8 531 89 268 29 104 33.9 2
90 460 5 68 37 299 34 53 11 23 17.0 2

109 1647 516 1032 430 475 134 66 52 35 22.6 2
150 917 146 459 22 379 81 49 21 7 2.8 2
450 526 164 69 27 355 120 20 13 55 72.2 5
700 427 64 303 57 113 27 4 4 <1 <1 5

1000 257 58 14 6 192 52 9 6 2 0 2
1200 205 40 10 3 168 39 14 9 2 1 3
Depth Mean SD Mean SD Mean SD Mean SD Mean SD N
Transect 3

30 658 103 111 21 214 123 311 36 20 8 2
50 464 143 34 0 274 112 64 16 12 6 2
60 704 208 50 16 466 129 95 3 37 11 2
90 804 100 85 15 583 134 50 21 84 30 2

109 1282 129 309 7 910 102 14 1 30 15 2
150 913 160 453 25 361 157 73 27 6 4 2
325 342 118 106 7 179 82 28 21 14 1 2
450 221 5 36 1 135 5 35 19 3 3 2
700 66 26 464 2 184 16 14 2 1 1 2

1000 213 30 9 7 172 9 5 3 4 2 2
1200 180 68 7 3 147 50 7 4 1 1 2
1500 148 13 4 0 135 19 6 6 2 1 2
2000 52 9 2 1 45 9 2 1 0 0 2

(continued)
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The two most common megafaunal invertebrates were a large tube-dwelling 
polychaete, Diopatra ornata, and sea pens, probably Stylatula sp. Each species 
averaged one individual per 25 m2 at 30 m.

8.3.5.2  Mid-shelf and Mud Zone (50–90 m)

The 50 m and 60 m stations were beyond the influence of strong wave action, were 
usually sandy bottoms (Appendix 8.5.2.2), and bordered the mud zone, which was 
centered at about 80 m (Figs. 8.2 and 8.3). The 50–60 m stations were very similar as 
indicated by the cluster analysis: only the 700  m communities clustered as well 
(Figs. 8.4, 8.5, and 8.6). The 90 m stations were on the seaward edge of the mud zone 
and usually had high proportions of silt and clay: mud (Figs. 8.2 and 8.3, Appendix 
8.5.2.3). Diversity was high at all of the mid-shelf depths (Table 8.5). The highest 
was at 50 m on transect 1 with an average of 143 species per grab (0.1m2). The aver-
age number of species at the other 50–90 m stations had a range of 92–130 species 
per grab (Table 8.5): 100 species in a bottom area of 0.1m2 is a very high diversity 
(see Conclusions). In addition, animal abundance was high at the mid- shelf depths 
(Figs. 8.7, 8.8, and 8.9). We also captured the largest numbers of ophiuroids from the 
mid-shelf (often at 60 m), including Amphiodia urtica and arms of larger species 
(Appendix 8.5.2.2) that were deeper in the sediment (Appendix 8.5.4). Although 
ophiuroids were not abundant in grabs from other depths, we did see larger species at 
high densities with the ROV images from the upper slope to 2000 m.

The two most common megafaunal invertebrates were the same as in the wave- 
swept zone. Diopatra averaged 3, and sea pens 6 per 25 m2. The mud bottoms at the 
90 m stations had the highest numbers of large (<15 cm) pits and mounds, probably 
made by burrowing shrimp and crabs. In transect 1, there was an average of 12 
mounds per 25 m2 (range 8–20), and 8 pits (2–15). Transect 2 had an average of 4 
mounds (range 0–17), and 4 pits (0–18). We also encountered patches of other abun-
dant epifauna (Appendix 8.5.2.4).

Table 8.6 (continued)

Individuals Crustacea Polychaeta Mollusca Echinodermata
Depth Mean SD Mean SD Mean SD Mean SD Mean SD N

Transect 4
30 325 23 70 8 162 7 81 23 8 1 2
50 724 98 27 1 457 64 131 9 25 18 2
60 886 100 60 1 619 37 111 47 20 0 2
90 725 211 57 14 564 215 60 17 36 4 2

109 564 369 92 20 363 395 55 1 38 7 2
150 944 11 414 25 437 22 64 3 13 9 2
325 445 16 102 40 237 45 77 10 19 13 2
450 259 25 84 2 117 18 49 3 6 1 2
700 468 1 328 29 137 28 0 0 0 0 2

1000 299 168 10 4 269 140 8 9 2 3 2
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8.3.5.3  Shelf-Slope Break (109–150 m)

The highest diversities were at the shelf-slope break (Figs. 8.7 and 8.8). The highest 
was on transect 2 at 109 m with a mean of 181 species/grab (Fig. 8.8, Table 8.5): the 
two grabs here had 177 and 185 species/grab. However, diversity was also very high 
at some mid-shelf and upper slope depths (Figs. 8.7 and 8.8; Table 8.5). The diver-
sity of crustaceans peaked at 109–150 m along all four transects, except along tran-
sect 4 where 150 m was the highest (52/grab), 325 m was next (40/grab), and 109 m 
was the third highest (29/grab) (Table 8.5). So crustaceans accounted for the peak in 
diversity at the shelf-slope break. Number of individuals was often highest here as 

Fig. 8.9 Total number of individuals along the four depth transects (means and standard devia-
tions based on grab numbers shown in Tables 8.5 and 8.6)
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well or was at least among the greatest abundances (Figs. 8.7 and 8.9; Table 8.6). 
Species of Photis (Fig. 8.12A), Aoroides, and Gammaropsis were among the most 
abundant amphipods, along with the ostracod Euphilomedes (Appendix 8.5.4), but 
the list of numerous crustacean species was much longer as noted above. The per-
centage of crustacean species (41%) and individuals (59%) was extremely high 
(Table 8.3). The highest total (1648/grab) and crustacean abundance (1032/grab) 
was at 109 m on transect 2 (Table 8.6). Only one other station had higher total and 
crustacean abundances (325 m on transect 1; see next section).

Several species had mean abundances over 100 individuals/grab at the shelf- 
slope stations (Appendix 8.5.4). They were crustaceans and one polychaete worm. 

Fig. 8.10 Changes in dominance along the four depth transects (higher numbers = greater domi-
nance) (means and standard deviations based on grab numbers shown in Tables 8.5 and 8.6)
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Two abundant amphipods were at 109 m on transect 2: Photis sp. 371/grab and 
Aoroides exilis 230/grab. Photis sp. was 126/grab at 150 m on transect 1 and 118/
grab at 150 m on transect 2. Euphilomes carcharodonta (an ostracod) was 137/grab 
at 150 m on transect 3. And the most abundant was Myriochele sp. (owneniid poly-
chaete) at 150 m on transect 3 (395/grab). Myriochele is capable of asexual repro-
duction (Oliver 1984), which may account for the large numbers of small worms. 
Even with these very abundant species, dominance was low at 109–150 m (Figs. 8.7 
and 8.10), because other species were abundant as well (Appendix 8.5.4).

Fig. 8.11 Biomass of the entire fauna (top), the polychaete worms (middle), and crustaceans (bot-
tom) when all transects are combined (means and standard deviations based on grab numbers 
shown in Tables 8.2, 8.3, and 8.4)
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We also found remarkable beds of brachiopods (Laqueus californianus) at the 
shelf-slope break with the ROVs. Sometimes there were large patches of live and 
dead shells covering the sea floor (Appendix 8.5.2.5, 8.5.2.6). We only found these 
dense populations near the canyon on transect 2. The other most abundant megafau-
nal invertebrates were sea pens, averaging 10 per 25 m2. The only other station with 
high numbers of large pits and mounds was 109 m on transect 1. There were 12 
mounds per 25 m2 (range 0–22); and 10 pits (0–24). The larger-scale bottom topog-
raphy was flat with distinct erosion features and sometimes with dense patches of 
brittle stars (Appendix 8.5.2.7, 8.5.2.8, 8.5.2.9, 8.5.2.10).

Fig. 8.12 Three of the 
most common crustacean 
species observed in our 
infaunal samples. Shown 
are Photis californica 
(subadult) (A), Tritella 
tenuissima (B), and 
Ampelisca unsocalae (C). 
All scale bars represent 
1 mm. Photo credits: 
Martinez Lara, Ricardo. 
“Photis californica.” 2010. 
City of San Diego, MBOO 
(A); Miller, John. “Tritella 
tenuissima.” 2003. Los 
Angeles County Sanitation 
Districts, Marine Biology 
Laboratory (B); Kuhnz, 
Linda. “Ampelisca 
unsocalae.” 2007 (C)

J. S. Oliver et al.
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8.3.5.4  Upper Slope (325–450 m)

The upper slope contained rocky outcrops with patch reefs, regions with mixed hard 
and soft bottoms, and large invertebrates that live on hard or firm substrates, includ-
ing sponges, hydroids, soft corals, bryozoans, sea stars, large anemones (Metridium 
giganteum), tube-dwelling anemones (Ceriantharia), and dense patches of urchins 
(Allocentrotus fragilis). These were observed with the ROVs (Appendix 8.5.2.11, 
8.5.2.12). Gravel was a significant component of the sediment (Fig. 8.3), and glau-
conite was abundant, especially closer to the oxygen minimum zone (Table 8.1). 
About half of the grab samples were rejected here because of poor penetration. The 
hard bottoms were most common on transect 1, which was indicated by the large 
number of caprellid amphipods at 325 m (Appendix 8.5.4).

Tritella tenuissima is a large caprellid and like most caprellids lives on hard sub-
strates often perched on sessile invertebrates (Fig. 8.12B). It was the most abundant 
animal at 325 m (387/grab), and from any station we sampled (Appendix 8.5.4). It 
co-occurred with three other species with very high abundances: a small polychaete 
(Sphaerosyllis ranunculus, 219/grab) and two small gammarid amphipods 
(Mesometopa neglecta, 138/grab; and Photis sp., 136/grab). No other single station 
had four species with mean abundances greater than 100/grab. This 325 m station 
also had the highest abundance of crustaceans (1072/grab) and total fauna (1752/
grab) (Table 8.6), which accounted for the large variation in abundance between 
transects at 325 m (Figs. 8.7 and 8.9). Despite the high abundances, dominance was 
low at 325 m because a number of animals were abundant, not just one (Figs. 8.7 
and 8.10; Appendix 8.5.4). Like abundance, diversity was high at 325 m and was 
lower at 450 m (Figs. 8.7 and 8.8).

8.3.5.5  Oxygen Minimum Zone (700 m)

The 700 m station was in the upper margin of the oxygen minimum zone (Fig. 8.2), 
which was in water depths of 600–1000 m. The community here indicated this mar-
gin. Diversity was relatively low with station means on the four transects ranging 
from 33 to 43 species/grab (Figs.  8.7 and 8.8, Table  8.5). However, diversity of 
crustaceans was the second highest of all stations as a percentage of species (40%) 
from 700 m (Table 8.3). The mean number of individuals on each transect varied 
from 362 to 668/grab (Figs. 8.7 and 8.9; Table 8.6). This was also relatively low 
over all depths but was a small peak for stations below 450 m (Figs. 8.7 and 8.8). 
Similar to diversity, the abundance of crustaceans was the highest of all stations as 
a percentage of individuals (67%) from the 700 m stations (Table 8.3).

Two species of ampeliscid amphipods, Ampelisca unsocalae (Fig. 8.12C) and 
Byblis barbarensis, were the two most abundant species at all four 700 m stations 
(Appendix 8.5.4). These are large, tube-dwelling amphipods, which formed a con-
spicuous dense tube mat at all 700 m stations (Appendix 8.5.2.13). Both species had 
a mean abundance of over 100 individuals/grab at two of the 700 m stations, ranging 
from 102 to 134/grab (Appendix 8.5.4). Half or more of the ten most abundant spe-
cies at each 700 m station were amphipod species (Appendix 8.5.4). Surprisingly, 
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this ampeliscid tube mat was ecologically similar to dense ampeliscid beds from the 
shallow water Bering and Chukchi Seas (see Conclusions).

The most common megafauna living with the tube mat were sea pens (22 per 
25 m2), Ceriantharia (7 per 25 m2), and Caridina shrimp (7 per 25 m2).

8.3.5.6  Deeper Slope (1000–2000 m)

The deeper slope stations had the lowest diversities and abundances, and the highest 
dominance among all depths (Figs. 8.7, 8.8, 8.9, and 8.10). The percentages of crus-
tacean species and individuals were the lowest (Table 8.3) for any of the major habi-
tat types (Fig. 8.2). Crustacean diversity ranged from 1 to 8 species/grab (Table 8.5). 
Crustacean abundance ranged from 1 to 14 individuals/grab, the lowest from any 
other station (Table 8.6). The few tanaids that we found were mostly from the deeper 
slope (Table 8.4). Polychaetes were the dominant taxonomic group for both species 
and individuals (Tables 8.3, 8.5, and 8.6). The two most abundant species were 
polychaetes, Aricidea (Acmira) simplex and a cirratulid. Their highest mean abun-
dances were 103 and 88 individuals/grab, respectively (Appendix 8.5.4). The higher 
abundances of these two species compared to other species at the deep-slope sta-
tions accounted for the peak in dominance here (Figs. 8.7 and 8.10), although even 
these peaks were relatively low for dominance.

We encountered large brittle stars in very dense patches (as in Appendix 8.5.2.9, 
8.5.2.10) at 1000 m (averaging 27 per 25 m2) and 2000 m (mean of 6 per 25 m2, with 
0 per 25 m2 on transect 1 and 12 per 25 m2 on transect 2). Sea cucumbers were com-
mon at 1500 m (18 per 25 m2) and 2000 m (14) and so were sea pens (1500 m = 8 
per 25 m2, 2000 m = 17 per 25 m2). Sea stars and soft corals were the most abundant 
megafauna at 1200  m. However, the bottoms were often large muddy areas 
(Appendix 8.5.2.14, 8.5.2.15).

8.4  Conclusions

The benthic infaunal communities in Monterey Bay were the most diverse observed 
from any continental shelf or other shallow-water ecosystem in the world (Oliver 
et al. 2011). Oliver et al. 2011 found 449 species in a square meter. Crustaceans 
caused the peak numbers of species and individuals at the shelf-slope break and 
along the upper slope (Figs. 8.2, 8.7, and 8.8; Table 8.5; also in Oliver et al. 2011). 
The next most diverse shelf community was from Bass Straights in Australia 
(Coleman et al. 1997; Gray et al. 1997), which likely will be as high or higher than 
Monterey Bay with further sampling (Oliver et al. 2011). There are a number of 
slope communities with high diversity, but only one of these has the extremely high 
number of species found in Monterey Bay (Blake and Grassle 1994; Oliver et al. 
2011). Two high diversity slope regions were sampled south (Hyland et al. 1991) 
and north of our study region (Blake et al. 2009), but none along the shelf (Oliver 
et al. 2011). We were unable to find any high diversity regions on the continental 
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shelf in other geographic regions (Jayaraj et al. 2008; Carroll and Ambrose 2012; 
Christopher et al. 2012).

There was a dramatic decrease in the number of crustaceans at the inner shelf 
over time. In the 1970s, there was intensive sampling of this zone on both sides of 
the canyon (Hodgson and Nybakken 1973; Oliver et al. 1980, 2008). The communi-
ties at 10–20  m were numerically dominated by phoxocephalid and haustoriid 
amphipods and ostracods that were rare in the present sampling. Hodgson and 
Nybakken (1973) documented the inner and mid-shelf communities and the increase 
in brittle stars in the mid-shelf. They collected many species of small crustaceans at 
10–20 m despite the use of a 1 mm sieve, which loses 16–25% of the species and 
50–85% of the individuals of macrofaunal invertebrates captured on a 0.5  mm 
screen (Hodgson and Nybakken 1973). Even though the crustaceans were under-
sampled, they characterized the inner shelf in the 1970s and were rare by the 1990s. 
Oliver et al. 2008 documented the same decrease on the south side of the canyon 
using a 0.5 mm screen.

Sandy deposits cover the Washington continental shelf to at least 100 m with 
muddy bottoms beyond (Lie and Kisker 1970). Species density gradually increased 
with depth, but was generally low at all depths. There was no high diversity com-
munity at the shelf break or anywhere sampled from 13 to 329 m (Lie and Kisker 
1970). Unfortunately, the samples were washed through a 1 mm screen, making 
comparisons with other studies difficult. The number of species and individuals of 
macrofaunal invertebrates passing through a 1 mm mesh is highly variable and thus 
unpredictable (Reish 1959; Hodgson and Nybakken 1973; Bachelet 1990; James 
et al. 1995; Hammerstrom et al. 2010). However, the shallow-water sand commu-
nity (13–48  m) in Washington also contained a number of relatively abundant 
amphipods and cumaceans. These data are adequate for assessing a potential loss of 
crustaceans from the Washington shallows, as we observed in Monterey Bay.

The extensively sampled shelf communities in Southern California (Stull et al. 
1986; Swartz et al. 1986; Ranasinghe et al. 2007) have much lower species density 
than we found in the Monterey Bay area. The highest number (100 species 0.1 m−2 
grab) was observed from Catalina Island (Ranasinghe et al. 2007), one of several 
islands forming a unique biogeographic region offshore of Southern California 
(Henkel and Nelson 2018). The peak species density in the present study was 185 
species 0.1 m−2 (Table 8.5, Fig. 8.7) and 449 m−2 (Oliver et al. 2011). There were 
similarities in the major faunal zones in Southern California, including an inner 
wave-disturbed zone with many crustaceans (Barnard 1963, Ranasinghe et al. 2007) 
and brittle stars becoming common along the middle shelf (Barnard and Ziesenhenne 
1961; Ranasinghe et  al. 2007). However, no high diversity benthic communities 
were documented from the shelf-slope break or upper slope (Ranasinghe et  al. 
2007). The Southern California Bight is a complex, broad continental margin with 
deep basins and outer islands. The shelf break and adjacent slopes fringe large 
anoxic basins. This is quite different from the narrow shelf, dynamic currents, and 
high production of the Monterey Bay area.

Monterey Bay is a very dynamic environment in the middle of a highly produc-
tive upwelling system (Bruland et al. 2001; Ryan et al. 2005). The narrow shelf is 
often swept by offshore water during upwelling and from the California current 
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(Breaker and Mooers 1986; Breaker and Broenkow 1994; Ramp et al. 1997). The 
shelf is cut by one of the largest canyons in the world, doubling the length of shelf- 
slope break in Monterey Bay (Fig. 8.1). Up canyon currents are common (Breaker 
and Broenkow 1994) with significant movements of nutrients available for produc-
tion (Shea and Broenkow 1982; Ryan et al. 2005). Just north of our study region, 
there is a well-defined upwelling plume at Año Nuevo. It spreads food-rich water 
over the entire study area, slope, and shelf (Ramp et  al. 2005). Upwelling 
shadow fronts help move water and particles shoreward across the shelf (Woodson 
et  al. 2009). Internal waves move water and sediment into the bay and shallows 
(Storlazzi et al. 2003). Topography and internal tides interact most dramatically at 
the shelf-slope break, where currents erode sediments and transport food across the 
sea floor (Cacchione et al. 2002; Ryan et al. 2005; McPhee-Shaw 2006). Resuspended 
sediment from the outer shelf can be moved inshore and deposited in the mud belt 
(Cheriton et al. 2014). Intermediate nepheloid layers (suspended sediment) move 
sediment from the shelf offshore (McPhee-Shaw et al. 2004). Long-period swell 
and internal tides combine to resuspend outer shelf sediments, moving them both 
offshore and onshore (Rosenberger et al. 2016). Mud belt fines are resuspended and 
moved offshore. Slope bottoms are swept with strong currents (Noble and Ramp 
2000). Variations in plankton production on the shelf are linked to internal tides 
(Ryan et al. 2005, 2010; Sevadjian et al. 2014). Groundwater nutrients can increase 
phytoplankton growth in the bay (Lecher et al. 2015). There are few if any regions 
in the world with such a complex topography and dynamic currents moving highly 
productive waters over the self and slope benthos.

The bottom sediments and communities indicate sediment erosion is common 
along the inner shelf, at the shelf-slope break, and along the upper slope (Fig. 8.3). 
The inner shelf sediments are moved by waves, which have a strong control over 
community structure (Oliver et al. 1980). However, along the outer shelf and upper 
slope, only fine sediments are eroded, and the dynamic currents described above 
bathe these areas with highly productive waters. Strong currents move more food 
over the bottom, and the result appears to be extremely high ecological diversity, 
high abundances, and low community dominance (Oliver et al. 2011, Fig. 8.7).

The upper margin of the oxygen minimum zone was dominated and indicated by 
tube-building ampeliscid amphipods, forming the most distinct community cluster 
we documented from the mud belt to 2000 m (Figs. 8.4, 8.5, and 8.6). The conspicu-
ous tube mat was not observed south of Monterey Bay around the well-defined 
oxygen minimum zone at Point Sur (Mullins et al. 1985; Thompson et al. 1985, 
personal observations). In contrast, the tube mat at 700 m was the most distinct zone 
of animals in our study area (Figs. 8.4, 8.5, and 8.6, Appendix 8.5.4) and extended 
from the north side of the canyon to north of Santa Cruz (Figs. 8.1 and 8.2).

This crustacean-dominated margin could be a sensitive indicator of the expan-
sion of the regional oxygen minimum zone. The tube mat could disappear, shrink, 
or move up slope. Crustaceans are generally rare in low oxygen environments 
(Levin 2003; Gooday et  al. 2009; Menot et  al.  2010). However, distinct margin 
communities occur where oxygen levels are less stressful and food is apparently 
abundant (Mullins et al. 1985; Levin 2003; Gooday et al. 2009; Menot et al. 2010). 
Since some oxygen minimum zones have expanded during the recent global 
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warming (Stramma et  al. 2010), a margin full of suspension-feeding amphipods 
should be a sensitive indicator of increasing stress from lower oxygen.

The 700 m ampelicid community was ecologically unique in several ways. First 
was the remarkable similarity of the assemblages among replicates on the same 
transect and among transects covering a large geographic region. This high similar-
ity was indicated both by the strong clustering (Figs. 8.4, 8.5, and 8.6) and the pres-
ence of the same numerically dominant species along each transect (Appendix 
8.5.4). Second was the high percentage of species (40%) and individuals (67%) of 
crustaceans, despite the fact that crustaceans are generally intolerant of low oxygen. 
A community dominated by crustaceans is unexpected and unique among oxygen 
minimum margin communities. Finally, this is the only dense ampeliscid tube mat 
known from deep water. All others are found in shallow water. The most extensive 
ampeliscid tube mats occur in the Bering and Chukchi Seas, where they cover much 
of the continental shelf and are the major feeding grounds of gray whales (Nerini 
and Oliver 1983; Oliver et al. 1983, 1984; Oliver and Slattery 1985). Perhaps this 
deep-water crustacean community is maintained by strong bottom currents sweep-
ing down the slope and bathing the margin with oxygenated water and food.

Only one other dense amphipod tube mat was reported from deep water. It was 
dominated by one small species, Photis typhlops, peaking at 9500 individuals m−2 
at 1770 to 1990 m offshore of San Francisco (Conlan 1995). This species of Photis 
and others were common in our survey as well (Appendix 8.5.4). In our survey, the 
abundances of all crustaceans were over 10,000 per m2 at 109 m and 325 m, where 
the total abundance of the entire fauna was 16,480 m2 and 17,520 m2, respectively 
(Table 8.6). However, these high-abundance communities also had high diversity 
and low dominance (Figs. 8.7, 8.8, 8.9, and 8.10, Tables 8.5 and 8.6).

Crustaceans characterized bottom communities with the highest diversity of spe-
cies. At the shelf-slope break, they were mainly small amphipods in tubes or nest-
ling in surface sediments. Along the gravel and mixed hard and soft bottoms of the 
upper slope, the community was characterized by a large caprellid amphipod, which 
was the most abundant animal sampled from 10 to 2000 m. Since it co-occurred 
with a number of other abundant species, community dominance was not high. The 
ampeliscid amphipod community at the upper margin of the oxygen minimum zone 
was not diverse, but this site had some of the highest percentages of both crustacean 
species and individuals. In contrast, in shallow water, there was a dramatic loss of 
amphipods and ostracods, when comparing the 1970s to our sampling in 1999. Here 
the crustaceans indicated ecological stress, correlated with decades of global warm-
ing. Whether positive or negative ecological indicators, the crustacean patterns 
along this continental margin highlighted the most impressive changes in benthic 
community structure.
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 Appendix 8.5.2: Images of the seafloor and seafloor elements 
in Monterey Bay

 Appendix 8.5.2.1: Glauconite from a sediment sample from 877 m depth 
off Monterey, California. © Linda Kuhnz, 2006. Scale bar = 0.25 mm

 

 Appendix 8.5.2.2: Sand ripple bottom at 45 m. ABA © 1999 (ROV 
Phantom/Remora)
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 Appendix 8.5.2.3: Mud bottom at 90 m. ABA © 1999 (ROV 
Phantom/Remora)

 

 Appendix 8.5.2.4: Large group of sea urchins, Strongylocentrotus fragilis, 
at 91 m. ABA © 1999 (ROV Phantom/Remora)
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 Appendix 8.5.2.5 Live and dead brachiopods, Laqueus californianus, 
at 150 m. ABA © 1999 (ROV Phantom/Remora)

 

 Appendix 8.5.2.6: High density of brachiopods, Laqueus californianus, 
at 112 m. ABA © 1999 (ROV Phantom/Remora)
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 Appendix 8.5.2.7: Mud bottom at 112 m. ABA © 1999 (ROV 
Phantom/Remora)

 

 Appendix 8.5.2.8 Mixed bottom at 122 m. ABA © 1999 (ROV 
Phantom/Remora)
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 Appendix 8.5.2.9: Ophiuroids and a sea star, Rathbunaster californicus, 
at 191 m. ABA © 1999 (ROV Phantom/Remora)

 

 Appendix 8.5.2.10: Ophiuroids at 193 m. ABA © 1999 (ROV 
Phantom/Remora)
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 Appendix 8.5.2.11: Mixed bottom at 324 m. ABA © 1999 (ROV 
Phantom/Remora)

 

 Appendix 8.5.2.12: Mixed bottom at 434 m. ABA © 1999 (ROV 
Phantom/Remora)
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 Appendix 8.5.2.13: Ampeliscid tube mat found at 700 m. ABA © 1999 
(ROV Phantom/Remora)

 

 Appendix 8.5.2.14: Mud bottom at 1000 m. ABA © 1999 (ROV 
Phantom/Remora)
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 Appendix 8.5.2.15: Mud bottom at 1200 m. ABA © 1999 (ROV 
Phantom/Remora)

 

8.4.1  Appendix 8.5.3: Dendrogram displaying the results 
of a cluster analysis on samples from all four transects 
combined. Clusters of water depths connected by dashed 
orange lines are not significantly different from each 
other, but are significantly different from other clusters 
of connected orange lines
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 Appendix 8.5.4: Top ten species at each depth and transect 
(means and standard deviations for N grab samples shown 
in Tables 4-5 and Appendix 8.5.1). Blank sections have no data 
to report for that depth and transect combination
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Chapter 9
Deep-Water Penaeoid Shrimp 
of the Southern Gulf of Mexico Upper 
Slope: Distribution, Abundance, 
and Fishery Potential

A. Gracia and A. R. Vázquez-Bader

Abstract A systematic study to investigate the epibenthic megafauna biodiversity 
and potential fishing resources in the upper slope (290–1200 m depth) was carried 
along the Mexican Gulf of Mexico (off Tamaulipas-Yucatán). Samples were col-
lected with a commercial shrimp trawl net (18 m mouth aperture, 4.5 cm stretched 
mesh, 1.5  cm stretched mesh cod-end). Fourteen species of the Aristaeidae, 
Penaeidae, Solenoceridae, and Benthesicymidae families were caught: 
Aristaeomorpha foliacea, Aristaeopsis edwardsiana, Aristeus antillensis, 
Hepomadus tener, Parapenaeus americanus, Penaeopsis serrata, Parapenaeus pol-
itus, Funchalia villosa, Pleoticus robustus, Hymenopenaeus debilis, Solenocera 
vioscai, S. necopina, S. atlantidis, and Benthoecetes bartletti. Two species were first 
records and two species extended its distribution to the southern Gulf of Mexico. 
Depth range of ten species was extended in its deeper limit. Shrimp of the Aristaeidae 
family were the most abundant with 6173 individuals (41%) followed by Penaeidae 
with 4772 organisms (31%), Solenoceridae 2914 with individuals (19%), and 
Benthesicymidae with 1352 specimens (9%). Seven species represented 99% of the 
total penaeoid catch in numbers and biomass (A. foliacea, P. serrata, P. robustus, 
A. antillensis, P. americanus, B. bartletti, and A. edwardsiana). Largest sizes were 
recorded in A. foliacea, A. edwardsiana, and P. robustus deep-water shrimp 
(45.57–48.09 mm mean CL). Maximum CL were also registered in these species 
(86.4–97.85 mm CL). Estimated penaeoid deep-water catch per unit effort (kg/h) 
varied from zero to18.62 kg/h. High mean CPUE values (>1.0 kg/h) were estimated 
at the 300–799 m depth range. Four areas of high deep-water shrimp abundance 
were identified in an area estimated of 60,000 km2 in the upper slope at 300–1000 m 
depth. The penaeoid fishery potential and possible utilization is discussed.

Keywords Penaeoid · Deep-water shrimp · Distribution · Gulf of Mexico  
Potential fishery resources · CPUE · Fishing grounds
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9.1  Introduction

The Gulf of Mexico is a semi-enclosed sea bordered by three nations (Mexico, 
USA, and Cuba). It is the ninth largest body of the world that has an extension of 
1,540,000 km2 (Ward and Tunnell 2017) and has been classified as one of the Large 
Marine Ecosystems of the planet (Kumpf et al. 1999). Several ecosystems are found 
around the Gulf, like salt marshes, oyster reefs, mangrove swamps, and seagrasses. 
About 55% of its surface area (0.9 million km2) belongs to Mexico Economic 
Exclusive Zone. The Gulf of Mexico basin has an average depth of 1485 m with a 
maximum depth near to 4000 m in the central area and the Sigsbee Canyon (Darnell 
2015). According to Ward and Tunnell (2017) approximately 32% of the Gulf of 
Mexico is continental shelf (up to 200 m), 41% is continental slope (200–3000 m), 
and 24% is abyssal plain (>3000 m). Continental shelves have different sediment 
types; western shelves in the North and South are mainly composed of fine-grained 
mud and clay sediments of terrigenous origin, whereas the broad shelves adjacent to 
Florida and Yucatán Peninsulas are sandy carbonated areas.

General circulation pattern is influenced by the Loop Current that originates 
from the Caribbean Sea and enters to the Gulf between the Yucatán Peninsula and 
Cuba and leaves through Florida Straits (Monreal-Gómez et al. 2004). The current 
generates a net current West-North-East movement around the Gulf from Campeche 
Bank to Florida with the presence of several cyclonic-anticyclonic gyres of different 
scales due to wind direction and pressure effects (Monreal-Gómez and Salas de 
León 1997). Occasionally, large eddies spin off the Loop Current and move west-
ward across the Gulf to Tamaulipas coasts (Sturges and Lugo Fernández 2005). The 
Gulf of Mexico receives freshwater load of several rivers being the most important 
the Mississippi River in the north and the Grijalva-Usumacinta River system in 
the South.

The Gulf of Mexico also supports largely the fishery production of the three 
bordering countries. Fisheries landings are based on an array of fishes and shell-
fishes exploited in the diverse ecosystems around the Gulf of Mexico (Gracia et al. 
2020). Fisheries rely on several species inhabiting inshore, coastal, benthic, demer-
sal, and oceanic-pelagic realms. Although many fish species like snappers, grou-
pers, croakers, menhaden, mackerel, dolphinfish, billfish, and tunas are important, 
crustaceans represent the most valuable resource in the Gulf of Mexico. Among 
crustaceans shallow-water shrimp of the superfamily Penaeoidea are the most 
important fishing resource (Gracia et al. 2010). According to Vázquez-Bader and 
Gracia (1994) and Gracia and Hernández-Aguilera (2005), at least 15 species of this 
Superfamily occur in shallow waters of the continental shelf of the Mexican Gulf of 
Mexico; however, mainly six species (brown, pink, white, spotted pink, rock, and 
seabob shrimps) support the bulk of shrimp fishery due to its abundance and com-
mercial size. Brown, pink, and white shrimp have been extensively exploited along 
the Mexican Gulf of Mexico since the early 1950s through artisanal and industrial 
fisheries which conducted the stocks to fully and overexploited states (Gracia 1995, 
1996, 2004; Gracia and Vázquez-Bader 1998, 1999). Also due to the intense fishery 
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activities in the continental platform of the Gulf of Mexico, it is not possible that 
shrimp production could increase based on the traditional fishing grounds. One 
alternative is to find potential fishery resources in deeper waters to fulfill the increas-
ing demand of food. This demand has caused that fisheries activities have gone 
deeper around the world. In Latin America, there are 17 species of commercial 
interest that support deep-water shrimp fisheries mainly in Chile, Colombia, Brazil, 
and some activities in Costa Rica and Guyana (Arana et al. 2009; Dallagnolo et al. 
2009; Wehrtmann et al. 2012; Pérez et al. 2019).

In the Gulf of Mexico, 1007 decapod crustacean species have been reported in 
the planktonic pelagic and benthic environments of coastal, inshore, and oceanic 
realms (Felder et al. 2009a). According to Wicksten and Packard (2005), 130 deca-
pod species occur on the continental slope to the abyssal plain (200–3840 m). Felder 
et al. (2009a), based mainly on data of the northern Gulf of Mexico, compiled 56 
shrimplike species of the Aristeidae, Benthesicymidae, Penaeidae, Sicyoniidae, and 
Solenoceridae families and stand out the scarce knowledge for the southern Gulf. Of 
these species, only Royal Red Shrimp Pleoticus robustus is subjected to commercial 
exploitation by a small-scale fishery in the northern Gulf of Mexico. In the southern 
Gulf of Mexico, there are no deep-water fisheries except the one carried on pelagic 
fish species like yellowfin tuna and other tuna, marlin, billfish, as well as incidental 
caught species. Deep-water benthic potential fishing resources and megafauna bio-
diversity have been poorly studied in the southern Gulf of Mexico. Recently, the 
National Autonomous University of Mexico (UNAM) through the Institute of 
Marine Sciences and Limnology has conducted a systematic survey to investigate 
the epibenthic megafauna biodiversity and to identify potential fishing resources in 
the upper slope of the Mexican Gulf of Mexico.

Several contributions have increased remarkably the knowledge about the spe-
cies composition and abundance of crustaceans (Lozano-Álvarez et  al. 2007; 
Briones-Fourzán et  al. 2010; Vázquez-Bader and Gracia 2013, 2016; Vázquez- 
Bader et al. 2014; Lemaitre et al. 2014), echinoderms (Vázquez-Bader et al. 2008; 
Solís-Marín et al. 2014), and fishes (Ramírez et al. 2019), including the presence of 
deep-water shrimp of potential fisheries interest (Gracia et al. 2010) in the upper 
slope of Mexican Gulf. The knowledge of deep-water biodiversity and living 
resources of the Gulf of Mexico also is important because the Gulf of Mexico has 
been subjected to different stressors from diverse sources derived from land and 
marine environments including industrial, agriculture, urban activities, oil industry 
activities, and two mega oil spills in the southern (Ixtoc 1, 1979–1980) and north-
ern Gulf (deep-water horizon, 2010). The impact of oil spills on living resources 
and in general on the Gulf ecosystem is of outstanding concern and recently 
deserved great scientific research effort (Murawski et al. 2020a). The increasing 
trend of oil exploration and production in ultra-deep-water fields of the Gulf of 
Mexico with potential possibility of another accident (Murawski et al. 2020b) stand 
out the need for having a better knowledge of ecological communities of the Gulf 
of Mexico deep waters.
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9.2  Material and Methods

9.2.1  Sampling Procedure

The study developed by the National Autonomous University of Mexico (UNAM) 
to investigate the epibenthic megafauna biodiversity and to identify potential fishing 
resources in the upper slope of the Mexican Gulf of Mexico started in 1999 and then 
was resumed in 2007 with a yearly basis up to now. It was supported partly with 
funds of the project “Biodiversity and potential fishing resources in deep waters of 
Gulf of Mexico” (PAPIIT IN223109, DGAPA-UNAM) and then through the 
Institute of Marine Sciences and Limnology and ship time provided by Scientific 
Research Coordination of UNAM.

This unique exploration by its coverage, scope, and frequency was conducted 
onboard the R/V Justo Sierra of UNAM in the upper slope of the Mexican Gulf of 
Mexico in a depth range of 290–1200  m. Surveys were done along the entire 
Mexican Gulf from the Mexican-USA border (offshore Tamaulipas state) to the 
Yucatan Channel in the Mexican Caribbean Sea (Fig. 9.1). This study encompass 17 
cruises: BATO (May 1999), BIOREPES (August 2005), BIOREPES 2 (May–June 
2007), BIOREPES 3 (November 2008), COBERPES (August 2009), COBERPES 
2011 (April 2011), COBERPES 3 (November 2011), COBERPES 4 (August 2012), 
COBERPES 5 (May 2012), COBERPES 6 (August 2014), COBERPES 7 (April 
2016), COBERPES 8 (October 2016), COBERPES 9 (July–August 2017), SOGOM 
1 (June 2015), SOGOM 2 (September 2016), SOGOM 3 (May 2017), and SOGOM 
4 (September 2018).

Samples were obtained with a commercial shrimp trawl net (18 m mouth aper-
ture, 4.5 cm stretched mesh, 1.5 cm stretched mesh cod-end). Since there was not 
enough data about sea bottom characteristics, a seabed exploration was carried with 
a multibeam echosounder EM 300 and a sub-bottom profiler Topas PS 18 before 
casting the trawl net. Procedure consisted in detecting soft bottoms large enough for 
operating safely the trawl net. This required a distance that could allow launching, 
recovering, and a 30 min trawling operation. Total distance varied because time for 
launching and recovering increased with depth. This means that in deeper locations 
(>900 m) a linear distance up to 4 miles was required for safe trawling operation. 
Due to ship time availability, bottom surveys were limited to 2 h and then moved to 
other potential areas if exploration was not successful.

Once a suitable soft bottom was found, a 30-min trawl was performed at a speed 
of 2.5–3 knots along the explored area. The initial and final position of each tow 
were registered during each cast. The trawl operation was constantly surveilled with 
the EM 300 echosounder and the ship GPS system whose high precision (1.2 m) 
practically allows to follow back the same path explored.

The catch from each haul was sorted by species, quantified, weighed, and pre-
served in ethanol 70%. Organisms were deposited in the Crustacean Reference 
Collection of the Laboratorio de Ecología Pesquera de Crustáceos (LEPC-ICML- 
UNAM). Shrimp were measured to the nearest mm 0.01 mm with vernier calipers 

A. Gracia and A. R. Vázquez-Bader



241

from the posterior orbital margin to posterolateral margin of the carapace length 
(CL). Catch per unit effort (CPUE) was standardized in kilograms per hour per 
single net. Mean CPUE data was estimated in a 100-m-depth strata basis.

9.2.2  Sampling Locations

During the 17 cruises, 460 hauls were done along the Mexican Gulf. Sampling strat-
egy tried to cover the whole gulf; however, bottom surveys did not show suitable 
bottoms for trawling in all the area. Trawlable bottoms (Fig. 9.1) were found mainly 
off Tamaulipas State (Area 1), off Tabasco and Campeche (Area 2), in the east 
Yucatán upper slope (Area 3) and northwest of Yucatán Peninsula near to the 
Mexican Caribbean Sea (Area 4). In the area denominated 5 (Fig. 9.1) trawlable 
bottoms were not frequently found so trawls done were a few. Bottom in this area 
was mainly steep, rugged, or rocky, unsuitable for trawl sampling. Soft bottoms 
when found in Area 5 were scattered among irregular topography and/or did not 
have enough distance for safe sampling. However, it is important to stand out that 
these soft bottoms with a patchy distribution could represent a habitat for penae-
oid shrimp.

The research cruises conducted in Area 1 were BIOREPES 3, COBERPES 4, 
and COBERPES 9. Cruises developed in the Area 2 were comparatively more 

Fig. 9.1 Sampling locations in the upper slope of the Mexican Gulf of Mexico. Main river and its 
names are shown. Coastal states names are abbreviated. TAM Tamaulipas, VER Veracruz, TAB 
Tabasco, CAM Campeche, YUC Yucatán, QR Quintana Roo
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numerous: COBERPES, COBERPES 3, COBERPES 5, SOGOM 1, COBERPES, 
SOGOM 2, SOGOM 3, COBERPES 8, and SOGOM 4. The area 3 was sampled 
with cruises BATO, BIOREPES 1, BIOREPES 2, COBERPES 2011, COBERPES 
3, and COBERPES 6. Cruises that covered Area 4 were BIOREPES 1, BIOREPES 
2, COBERPES 2011, and COBERPES 6. Area 5 was surveyed during all cruises, 
but sampling locations were detected in cruise COBERPES.

9.3  Results

9.3.1  Penaeoid Species Composition

A total of 15,221 penaeoid shrimp belonging to four families (Aristaeidae, 
Penaeidae, Solenoceridae, and Benthesicymidae) and 14 species were caught. Four 
species of aristeid shrimp were collected: Aristaeomorpha foliacea (Risso, 1827), 
Aristaeopsis edwardsiana (Johnson, 1868), Aristeus antillensis A. Milne-Edwards 
& Bouvier, 1909, and Hepomadus tener Smith, 1884. Penaeoid shrimp found were 
Parapenaeus americanus Rathbun, 1901, Penaeopsis serrata Bate, 1881, 
Parapenaeus politus (Smith, 1881), and Funchalia villosa (Bouvier, 1905); the fam-
ily Solenoceridae was represented by five species: Pleoticus robustus (Smith, 1885), 
Hymenopenaeus debilis Smith, 1882, Solenocera vioscai Burkenroad, 1934, 
S. necopina Burkenroad, 1939, and S. atlantidis Burkenroad, 1939. In the family 
Benthesicymidae only one species was collected: Benthoecetes bartletti Smith, 1882.

Shrimp of the Aristaeidae family were the most abundant with 6173 individuals 
(41%) followed by Penaeidae family with 4772 (31%), Solenoceridae 2914 indi-
viduals (19%), and Benthesicymidae with 1352 organisms (9%) (Fig. 9.2). In the 
Aristeidae family (Fig. 9.3), A. foliacea was the most abundant species with 3584 
(58%) specimens, followed by A. antillensis with 1317 (21%) organisms, A. edward-
siana with 1255 (20%), and a low presence of H. tener (<1%). Aristaeopsis edward-
siana and A. antillensis were found along the whole Mexican Gulf of Mexico in a 
depth range of 300–1011 and 300–1011 m, respectively (Table 9.1). Aristaeomorpha 
foliacea was registered in almost all the study area except near the Caribbean Sea in 
the eastern-southeast sector of the Gulf following Felder et al. (2009b) division (see 
Briones-Fourzán et  al., this volume). A foliacea distributed in a depth range of 
226–1144 m. H. tener was collected only in the southwestern Gulf of Mexico in a 
narrow depth range (863–1144 m) (Table 9.1).

Penaeoid shrimp amounted a total catch of 4771 organisms (Fig. 9.4). Within the 
Penaeidae family, P. serrata was largely the most representative with 3400 (71%) 
shrimp caught followed by P. americanus with 1311 (28%) individuals, P. politus 59 
(1%) organisms, and F. villosa with a scarce occurrence of two organisms (<1%). 
Parapenaeus americanus, P. politus, and P. serrata were collected along the entire 
southern Gulf of Mexico. Bathymetric distribution of P. americanus was registered 
in a shallow range of the upper slope from 244 to 462 and 206–385  m depth, 
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respectively, whereas P. politus was found in almost all the depth range studied 
(309–904 m) (Table 9.1).

The Solenoceridae family was represented by five species with a total of 2925 
shrimp caught (Fig. 9.5). Pleoticus robustus was the most abundant with 2772 indi-
viduals representing 95% of the solenocerid shrimp total catch. Hymenopenaeus 
debilis (104 organisms, 4%), S. necopina (36 specimens, 1.2%), S. vioscai (12 
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Fig. 9.2 Comparative abundance of the four deep-water penaeoid shrimp families registered in the 
upper slope of the Mexican Gulf of Mexico
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Fig. 9.3 Abundance and percentage of deep-water shrimp of the Aristaeidae family
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shrimp, <1%), and a unique presence of S. atlantidis (≪1%) constituted the rest of 
shrimps of this family. Pleoticus robustus, H. debilis, and S. vioscai were registered 
along the whole upper slope of the Mexican Gulf. Bathymetric distribution of 
P. robustus was recorded in a depth range of 296–735 m. H. debilis presented an 
extended depth range (251–1104  m) along the upper slope, whereas S. vioscai 
bathymetric distribution was limited to shallow upper slope depths (257–433 m). 
S. necopina was found in almost all the study area except in the northwest part of 

Table 9.1 Bathymetric 
distribution of penaeoid 
deep-water shrimp in the 
Mexican Gulf of Mexico

Species Depth range (m)

A. foliacea 226–1144
A. edwardsiana 300–1011
A. antillensis 300–1108
H. tener 863–1147
P. americanus 244–462
P. serrata 309–904
P. politus 200–385
F. villosa 560.00
H. debilis 251–1104
P. robustus 296–735
S. vioscai 257–433
S. necopina 306–791
S. atlantidis 298.00
B. bartletti 546–1044
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Fig. 9.4 Abundance and percentage of deep-water shrimp of the Penaeidae family
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the Mexican waters of the Gulf of Mexico. This shrimp was registered in a depth 
range of 206–798 m. The only individual of S. atlantidis was found in the south-
western Gulf of Mexico at 298 m depth (Table 9.1).

In this study the Benthesicymidae family was only represented by B. bartletti 
with 1352 organisms. It was present in all the upper slope of the southern Gulf of 
Mexico. Its bathymetric distribution was registered in a 546–1094  m depth 
(Table 9.1).

9.3.2  Biomass and Catch per Unit Effort (CPUE)

The overall comparison of penaeoid shrimp catch shows that (99%) of the catch in 
numbers was composed mainly by seven species: A. foliacea (24%), P.  Serrata 
(22%), P. robustus (18%), A. antillensis (9%), P. americanus (9%), B. bartletti 
(9%), and A. edwardsiana (8%). The other eight species only represented 1% of the 
total penaeoid shrimp catch varying from 0.007 to 0.68%. In terms of biomass these 
species represented more than 99% of total penaeoid shrimp weight (293  kg). 
A. edwardsiana registered the highest total biomass with 97.2 kg which represented 
33% of the seven species total weight (290 kg). P. robustus was the second one with 
a total biomass of 72.7  kg (25%), followed by A. foliacea with 62.4  kg (21%). 
P. serrata, A. antillensis, and P. americanus presented lower biomass values with 
26 kg (9%), 16.1 (6%), and 11.1 (4%), respectively. The biomass of the tiny shrimp 
B. bartletti amounted 4.9 kg and only represented 2% of the total biomass, so it was 
not considered for further analysis (Fig. 9.6).
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The penaeoid shrimp that constituted the 98% of the catch biomass showed sizes 
that ranged from small to large ones and can be divided in two groups. The first one 
comprised A. foliacea, A. edwardsiana, and P. robustus which presented the largest 
sizes with mean cephalothoracic length (CL) varying from 45.57 to 48.09  mm. 
Maximum CL were also registered in these species from 86.40 to 97.85 mm CL. The 
second group was composed of A. antillensis, P. serrata, and P. americanus with a 
CL mean size range of 21.50–28.31 mm. P. americanus was the smallest one with a 
mean size of 21.5 mm CL and minimum CL of 10.51 mm (Table 9.2).

The total catch per unit effort (kg/h) of the six penaeoid species registered values 
that ranged from 0 to18.62 kg/h. Average CPUE ordered by 100 m strata showed 
higher values at shallows depths with a maximum in the 400–499  m stratum 
(3.1 kg/h). CPUE record of this stratum was 50 and 60% higher than the adjacent 
depth strata. After the maximum value, the CPUE presented a decreasing trend with 
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Fig. 9.6 Biomass of the seven penaeoid deep-water shrimp species amounting 99% of the 
total catch

Table 9.2 Size range, average size, and standard deviation (Carapace Length, mm) of the six most 
abundant penaeoid deep-water shrimp in the southern Gulf of Mexico

Species Minimum size Average ± SD Maximum size

A. edwardsiana 18.79 48.09 ± 15.01 88.25
A. foliacea 31.56 49.80 ± 7.00 86.4
P. robustus 18.04 45.57 ± 16.73 97.85
A. antillensis 18.32 28.31 ± 7.25 76.63
P. serrata 11.37 23.00 ± 3.49 46.31
P. americanus 10.51 21.5 ± 4.0 30.4
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a slight increase in the 700–799-m-depth stratum. High mean CPUE values  
(> 1.0 kg/h) were estimated at the 300–799 m depth range (Fig. 9.7).

9.4  Discussion

9.4.1  Distribution and Depth Range

Most of the 14 penaeoid shrimp were widely distributed along the southern Gulf of 
Mexico. The aristeid A. foliacea and A. edwardsiana have a cosmopolitan distribu-
tion including the Gulf of Mexico (Pérez-Farfante and Kensley 1997; Tavares 2002; 
Gracia et al. 2010; Wehrtmann et al. 2012). Felder et al. (2009a) reported a narrower 
depth range distribution for A. foliacea and A. edwardsiana in the Gulf of Mexico 
of 400–800 and 680–990, respectively. In this study, the bathymetric distribution of 
these two species is extended in the shallow and deep limits which is according to 
the reported general bathymetric distribution for A. foliacea (250–1300  m) and 
A. edwardsiana (274–1850 m) (Tavares 2002). A. antillensis distribution is restricted 
to the Western Atlantic from Florida to Brazil (Holthuis 1980; Pérez-Farfante and 
Kensley 1997; Tavares 2002). Previous reports in the Gulf of Mexico were limited 
to the northeast (Roberts and Pequegnat 1970; Pérez-Farfante and Kensley 1997). In 
this study, and also according to Gracia et al. (2010) and Wehrtmann et al. (2012), 
A. antillensis occurred along the whole Mexican Gulf of Mexico, so its distribution 
range is extended. Depth range distribution is also extended in the deeper limit to 
1108 m. H. tener geographical distribution was reported for the western Atlantic 
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Fig. 9.7 Catch per unit effort (kg/h) of deep-water penaeoid shrimp per100 m stratum in the upper 
slope of the Mexican Gulf of Mexico
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including the Gulf of Mexico (Felder et  al. 2009a). Inside the Gulf, it was only 
reported for the northern area in a deeper range of 1386–3780  m (Roberts and 
Pequegnat 1970; Pérez-Farfante and Kensley 1997), but in this study its bathymetric 
range is extended to lower depths (Table 9.1).

The penaeoid shrimp have a broad distribution in the Atlantic. Parapenaeus 
americanus is distributed from New Jersey, the Caribbean Sea to Uruguay (Pérez- 
Farfante 1977; Pérez-Farfante & Kensley 1997). It was previously reported for the 
northern (Felder et al. 2009a) and southern (Gracia et al. 2010) Gulf of Mexico. 
This shrimp was frequently found in the catches during this study with a wide dis-
tribution along the Gulf. Its bathymetric range was limited to the shallow upper 
slope (241–462). This depth distribution is almost like the reported depth range 
(190–412) for this species (Felder et al. 2009a), but extending 50 m deeper. P. ser-
rata was the most abundant of the penaeoid family distributing along the whole 
study area. It has an amphi-Atlantic distribution and was also reported for the north-
ern (Roberts and Pequegnat 1970; Pérez-Farfante and Kensley 1997) and southern 
Gulf of Mexico (Gracia et al. 2010). The bathymetric range is extended to 904 m 
compared with the reported deeper limit (Pérez-Farfante and Kensley 1997; Felder 
et al. 2009a). Parapenaeus politus has a wide distribution from Massachusetts to the 
Caribbean Sea including the entire Gulf of Mexico (Roberts and Pequegnat 1970; 
Williams 1984; Pérez-Farfante and Kensley 1997; Gracia and Hernández-Aguilera 
2005). Although it was not very abundant in the catches, it occurred along the whole 
study area. Depth data records allowed to extend P. politus distribution in its deeper 
limit to 385 m compared with the 330 m previous register (Felder et al., 2009a). The 
only specimen of F. villosa was found in the south-southwestern sector of the Gulf 
of Mexico. This species is a pelagic-benthopelagic shrimp that has a worldwide 
distribution in the North and South Atlantic, Mediterranean Sea, and South Pacific 
(Crosnier and Forest 1973; Abele and Kim 1986; Hopkins et al. 1994). Felder et al. 
(2009a) reported the distribution of F. villosa for the northeastern Gulf of Mexico in 
a depth range of 50–1430 m. The presence of F. villosa in the southwestern Gulf of 
Mexico is the first record for this area which is within the reported depth range of 
this species.

Four of the solenocerid shrimp registered were found along the whole study area. 
Pleoticus robustus was the most abundant one representing 95% of total shrimp 
catch. Pleoticus robustus distribution range is restricted to the western Atlantic from 
Massachusetts and the Caribbean Sea to French Guiana (Pérez-Farfante 1977; 
Holthuis 1980; Pérez-Farfante and Kensley 1997; Tavares 2002). According to 
Felder et al. (2009a), it is found in the entire Gulf of Mexico in a depth range of 
200–1000 m. In this study, P. robustus was collected along the whole Mexican Gulf, 
but the deeper register was limited to 735 m depth. H. debilis geographical range 
was reported for the Atlantic from New Jersey to Guyana, Azores, and the eastern 
Atlantic (Roberts and Pequegnat 1970; Pérez-Farfante 1977; Pérez-Farfante and 
Kensley 1997). Inside the Gulf of Mexico, its presence has been registered mainly 
in northern Gulf of Mexico (Felder et al. 2009a). Hymenopenaeus debilis specimens 
represent the first records in the southern Gulf of Mexico. Although this species was 
not very abundant, it had a constant presence along the area, confirming that its 
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distribution comprises the entire Gulf. The depth range observed in the southern 
Gulf fits within the larger bathymetric distribution (300–2163 m) reported for F. vil-
losa (Felder et al. 2009a). S. vioscai distribution was reported from North Carolina 
to the Gulf of Mexico (Roberts and Pequegnat 1970; Pérez-Farfante and Kensley 
1997; Williams 1984; Gracia and Hernández-Aguilera 2005; Vázquez-Bader and 
Gracia 1994). Solenocera vioscai was found along all the study area, but in a small 
number. According to Vázquez-Bader and Gracia (1994), this solenocerid species 
was the most abundant in the continental platform of the southern Gulf of Mexico 
compared with S. necopina and S. atlantidis. The low occurrence of S. vioscai in the 
upper slope can be understood because its main distribution is in shallow waters of 
the continental shelf. However, it should stand out that the depth range recorded 
(257–433 m) extends largely the S. vioscai bathymetric distribution compared with 
the reported one (37–239 m, Felder et al. 2009a). Solenocera necopina and S. atlan-
tidis have been reported to distribute in the entire Gulf of Mexico. Besides, its geo-
graphical range is almost similar, from North Carolina to Uruguay and Brazil, 
respectively (Roberts and Pequegnat 1970; Williams 1984; Pérez-Farfante and 
Kensley 1997), but the reported bathymetric distribution range is larger for S. necop-
ina. Depth ranges of both species were extended in its deeper limit with data regis-
tered in the Mexican Gulf of Mexico. The only specimen of S. atlantidis was found 
at 298 m depth higher than the maximum reported depth of 232 m (Felder et al., 
2009a, b), whereas S. necopina extended to 791  m compared with the previous 
550  m report (Roberts and Pequegnat 1970; Williams 1984; Pérez-Farfante and 
Kensley 1997; Gracia and Hernández-Aguilera 2005).

Benthoecetes bartletti was the only species caught of the Benthesicymidae fam-
ily in spite that 11 species are reported for the Gulf of Mexico, mainly in the north 
area (Felder et al. 2009a). Benthoecetes bartletti has a cosmopolitan distribution in 
a depth range of 509–5777 m depth, including the entire Gulf of Mexico (Roberts 
and Pequegnat 1970; Pérez-Farfante and Kensley 1997). The depth range recorded 
in the southern Gulf of Mexico fall within this wide bathymetric distribution.

9.4.2  Potential Fishery Resource

The six most abundant penaeoid that represented 98% of the biomass and 90% of 
shrimp catch number (A. foliacea, A. edwardsiana, P. robustus, A. antillensis, and 
P. americanus) were reported by Gracia et  al. (2010) as a potentially important 
deep-water shrimp fishery resource in the Gulf of Mexico. Most of these species 
have a worldwide distribution or along the Atlantic and many of them are the target 
of important economic fisheries in some world deep-water oceans. Aristaeomorpha 
foliacea (giant red shrimp) sustains a valuable deep-water shrimp fishery in the 
Mediterranean Sea and the eastern Atlantic off Portugal that is one of the most 
important fishery resources in the area (D’Onghia et  al. 1998; Figueiredo et  al. 
2001; Ragonese et al. 2001; Belcari et al. 2003). In Latin America the giant red 
shrimp fishery was initiated in Brazil since 2003 (Pezutto et al. 2006; Dallagnolo 
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et al. 2009; Wehrtmann 2012). Aristaeopsis edwardsiana (Scarlet shrimp) is com-
mercially exploited in the eastern Atlantic from Africa to Portugal and Spain 
(Holthuis 1980). In Latin America, it was caught in French Guiana (Guéguen 2001) 
and constituted an important fishery in Brazil deep waters (Pezutto et  al. 2006; 
Dallagnolo et al. 2009; Wehrtmann et al. 2012). Aristeus antillensis (purple shrimp) 
was also fished in Brazil with the giant red and scarlet shrimp and seasonally in 
French Guiana (Guéguen 1998, 2001; Pezutto et al. 2006). Pleoticus robustus (royal 
red shrimp) had been exploited in the northern Gulf for a long time since 1960. 
Royal red shrimp is the target of a small shrimp trawl fleet fitted to fish in deep-
waters off Alabama and Florida States. Average annual royal red shrimp catch is 
comparatively lower than the shallow water penaeoid shrimp catch (Jones et  al. 
1994; Stiles et  al. 2007; Wehrtmann et al. 2012). Penaeopsis serrata (Speckled 
Shrimp) and P. americanus (Rose Shrimp) are not directly subjected to a fishery 
exploitation elsewhere probably due to its small size, but they are frequently present 
in deep-water shrimp catch.

Gracia et  al. (2010) and Wehrtmann et  al. (2012) reported that A. foliacea, 
A. edwardsiana, and P. robustus were the most important deep-water shrimp in 
terms of biomass representing 90% of the total weight catch. The results obtained in 
this study, with more sampling effort, show that these three species amount 79% of 
total catch, which still represent the largest part of the total deep-water shrimp catch. 
As stated above, these three species presented larger sizes than A. antillensis, P. ser-
rata, and P. americanus which only amounted for 21% of the total biomass. Large 
sizes of giant red, scarlet, and red royal shrimp make them commercially more 
attractive than the purple, speckled, and rose shrimp.

The general penaeoid CPUE pattern (kg/h) with respect to depth is consistent 
with data reported by Gracia et al. (2010) and Wehrtmann et al. (2012) who coin-
cided that high CPUE values are mainly found in the 300–700 depth range, although 
in this study a high mean value was also registered in the 700–799 m depth stratum. 
On the other hand, Gracia et  al. (2010) registered higher CPUE values in the 
600–699 m stratum in the Yucatán upper slope (Area 3), whereas Wehrtmann et al. 
(2012) reported higher values in the 500–699 m depth range. These variations could 
be expected because cruises were carried on different years, seasons, and geograph-
ical areas and also can be influenced by the typical patchy distribution of penaeoid 
shrimp (D’Onghia et al. 1998; Belcari et al. 2003; Gracia et al. 2010). Nonetheless, 
the mean deep-water shrimp CPUE pattern estimated in this study could be robust 
to describe the penaeoid shrimp abundance related to depth as it encompasses many 
of these variability sources.

According to Gracia et al. (2010) the mean CPUE values estimated in the Gulf of 
Mexico could be comparable with CPUE registered in deep-water shrimp fisheries 
of the world. The mean values are in the range reported for several deep-water 
shrimp fisheries; however they seem to be lower. For example, mean annual CPUE 
records for A. edwardsiana in Brazil fisheries were in a 4.7–14 kg/h range, whereas 
A. foliacea and A. antillensis were about 0.76–6.3 and 0.005–2.4 kg/h, respectively 
(Dallagnolo et al. 2009). CPUE values recorded for A. foliacea and A. antennatus in 
the Mediterranean Sea and Eastern Atlantic off Portugal (0–12  kg/h) (D’Onghia 
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et al. 1998; Figueiredo et al. 2001; Carbonell and Azevedo 2003; Can and Atkas 
2005) are in a range similar to the one registered in the Mexican Gulf of Mexico. It 
must be pointed out that CPUE registers for the Gulf of Mexico were estimated 
from an exploratory scientific survey which may not be as accurate as the ones 
derived of a commercial fleet specialized on deep-water trawl fishing. However, it 
may serve as an index of the deep-water shrimp abundance in the Gulf of Mexico 
(Gracia et al. 2010; Wehrtmann et al. 2012).

Penaeoid deep-water shrimp have a potential distribution along the Gulf of 
Mexico in an area estimated of 60,000 km2 of the upper slope between 300 and 
1000 m depth (Fig. 9.8). This area has a complex topography with submarine can-
yons, escarpments, rugged bottoms, and basins. Al least four potential fishing 
grounds were located in this study (Fig. 9.8) with plain soft bottoms suitable for 
trawling. CPUE values were very variable, but some registers were up to 18.62 kg/h. 
The highest mean CPUE estimated in this area is like the average CPUE estimated 
(~2–2.4  kg/h by net) in the shallow water penaeoid overexploited white (L. set-
iferus) and pink shrimp (F. duorarum) fisheries in the southwestern Gulf of Mexico 
(Gracia et al. 2010; Wehrtmann 2012; INAPESCA 2014). This is not the case for the 
F. aztecus (brown shrimp) fishery whose stock is in good condition and currently 
sustains most of the Mexican shrimp fishery in the Gulf of Mexico (Gracia 2004). 
Estimated shallow water brown shrimp CPUE based on data reported by INAPESCA 
(2010) varied between 20 and 65 kg/h by net. This CPUE value is remarkably higher 
than the one recorded for deep-water shrimp in this scientific survey, but usually 
deep-water shrimp yield is lower that the shallow one. Annual shrimp deep-water 

Fig. 9.8 Deep-water penaeoid shrimp distribution area and potential fishing grounds in the south-
ern Gulf of Mexico
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fishery registers vary between 100 and 200 metric tons (Stiles et al. 2007; Dallagnolo 
et  al. 2009), although some like A. foliacea in the Mediterranean Sea can reach 
around 1000 metric tons. According to Gracia and Vázquez-Bader (2014), a moder-
ate annual yield could be expected for a potential deep-water fishery in the southern 
Gulf of Mexico, although it could be important due to deep-water shrimp commer-
cial value. However, it is still necessary to carry on further studies to assess the 
deep-water shrimp stocks potential.

9.5  Conclusions

The increasing demand for seafood propitiated that fishing activities moved farther 
and deeper around the world. In the Gulf of Mexico, most of the fishing resources 
reached its maximum sustainable level or are in an overexploited stage (DOF 2018), 
particularly shallow penaeoid shrimp (Gracia 2004). Finding and assessing poten-
tial fishery resources is contemplated in the Mexican National Plan of Scientific and 
Technological Research for Fisheries and Aquaculture to increase fishery produc-
tion. deep-water penaeoid shrimp represent a valuable potential fishery resource as 
well as other species found in the catch like lobsters (see Briones-Fourzán et al. this 
volume), fishes (Ramírez et al. 2019), and other crustaceans that could be caught as 
by-catch. Utilization of deep-water penaeoid shrimp would require adapting ships 
for operating deeper, but more important is to assess its potential and to evaluate 
possible strategies for its utilization and conservation of the deep-water ecosystem.

Deep-water ecosystems and fishery resources are very vulnerable to overexploi-
tation. Deep-water fishery resources could be depleted quickly, and population 
rebuilding could be slow (Koslow et al. 2000; Large et al., 2002). For example, the 
rapid fishing effort growth in the A. edwardsiana fishery in Brazil reduced substan-
tially the deep-water shrimp stock (Dallagnolo et  al. 2009). Another case was 
reported in the deep-water shrimp fishery in Costa Rica where the catch reduced 
strongly (Wehrtmann and Nielsen Muñoz 2009). At the international arena, there 
are opinions suggesting a total protection of deep-water ecosystems and its 
resources; however, the constant protein demand poses a pressure in these 
ecosystems.

Gracia and Vázquez-Bader (2014) pointed out that an eventual utilization of 
deep-water fishery resources would require a strategy based on the knowledge of the 
stock potential and actions that could allow its integral utilization as well as the 
conservation of the fragile deep-water ecosystem. This should include (1) assess-
ment of the stock sizes, knowledge of deep-water shrimp biology and ecology, 
delimitation of fishery grounds, and sustainable exploitation levels, (2) adopting 
strategies of precautionary fishing based on the shrimp deep-water population 
renewal potential, (3) optimal utilization of deep-water catch, and (4) minimizing 
the impact on deep-water ecosystem, especially on cold water coral reefs.
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Chapter 10
Sex Distribution and Reproductive Trends 
in the Deep-Water Species 
of Nematocarcinus (Crustacea: Decapoda: 
Nematocarcinidae) from Western Mexico

J. C. Hernández-Payán and M. E. Hendrickx

Abstract Two species of the deep-water Caridea genus Nematocarcinus occurring 
in western Mexico were studied: N. faxoni (1463 specimens) and N. agassizii (169 
specimens). All samples considered, N. faxoni, were represented by 35% of males, 
59% of females, and only 6% of ovigerous females, the latter occurring throughout 
the seasons; in the case of N. agassizii, ovigerous females represented 29%. In N. 
faxoni, size at first maturity was 16.95 mm carapace length. The number of eggs in 
N. faxoni varied from 1269 to 6882 (average, 3700), and the relationship between 
ovigerous female size and number of eggs was moderately good. Egg size in N. 
faxoni (0.50 mm to 0.80 mm long axis; 0.40 mm to 0.69 mm short axis) did not vary 
with female size.

Keywords Caridean shrimps · Deep sea · East Pacific · Eggs size  
Nematocarcinids · Reproduction · Sex rate

10.1  Introduction

Because of technical issues and operation cost when collecting organisms, informa-
tion related to reproduction trends and sex ratio of deep-water species are often 
scanty (Gage and Tyler 1992; Young 2003). This information, however, is of para-
mount importance for an eventual management of deep-sea resources in order to 
avoid depletion of adults and reproducing individuals. For obvious reasons (i.e., 
accessibility of samples, possibilities of in  vitro experiments, abundant material 
available from commercial fishery), reproduction patterns of shallow-water species 
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have received more attention than deep-water species (see Corey and Reid 1991; 
Wenner and Kuris 1991; Bauer 2004; Mente 2008).

Although less frequently, reproduction trends in deep-water decapod crustaceans 
have been investigated in the Mediterranean Sea (e.g., Company and Sardà 1997; 
Maiorano et  al. 2004; Chilari et  al. 2005; Kapiris and Thessalou Legaki 2006; 
Arculeo et al. 2014), the northern and eastern Atlantic (e.g., Wenner 1979a, 1980; 
Melville-Smith 1987; Tuset et al. 2009; Burukovsky 2017), the central and western 
Pacific Ocean (e.g., Dailey and Ralston 1986; Erdman et al. 1991; Ohtomi 1997; 
Ahamed and Ohtomi 2011), the Indian Ocean (e.g., Suseelan 1974; Benjamin et al. 
2017), and to some extent among species associated with thermal vents (e.g., Van 
Dover et al. 1985; Ramirez-Llodra et al. 2000; Ramirez-Llodra and Segonzac 2006; 
Nakamura et al. 2015).

In natural marine ecosystems of the Americas, there also is a very large amount 
of data available on the fertility and reproduction trends of shallow-water species of 
decapod crustaceans. Many concerned species inhabiting temperate waters of the 
northern hemisphere (e.g., Butler 1964; Paul and Adams 1984; Clarke et al. 1991; 
Dugan et al. 1991; Hines 1991; Hartnoll et al. 1992; Moriyasu and Lanteigne 1998; 
McDermott 1999; Lawton et al. 2002). There is, however, a sizable amount of infor-
mation related to reproduction trends of shallow-water species in other areas of the 
Americas (e.g., Lardies and Wehrtmann 1996; Navarrete et al. 1999; Wehrtmann 
and Lardies 1999; Lardies and Castilla 2001; García-Guerrero and Hendrickx 2004; 
Brante et al. 2004; Castilho et al. 2007; Terossi et al. 2010).

For the same reasons as in other parts of the world, contributions dealing with 
reproductive aspects of deep-water decapods inhabiting off the coasts of the 
American continent are scarce. Some good examples are the contributions by Hines 
(1988), Erdman et al. (1991), Lozano-Álvarez et al. (2007), and Briones-Fourzan 
et al. (2010) in the western Atlantic and Quiroga and Soto (1997), Wehrtmann and 
Echeverría-Sáenz (2007), Echeverría-Sáenz and Wehrtmann (2011), and Hendrickx 
and Papiol (2015, 2019) in the eastern Pacific.

Species of Nematocarcinus have been reported in many deep-water surveys (e.g., 
Wenner and Boesch 1979; Cartes and Sardà 1993; Hanamura and Evans 1996; 
Company et  al. 2004; Raupach et  al. 2010; Cardoso and Burukovsky 2014; 
Hernández-Payán and Hendrickx 2016; Hendrickx and Hernández-Payán 2018), 
yet information related to their ecology is limited and mostly refers to the depth 
range and habitat they occupy (e.g., Company et  al. 2004; Komai and Segonzac 
2005; Burukovsky 2012) and to their diet (e.g., Cartes 1993; Burukovsky 2009). 
Some other aspects have been addressed related to their internal anatomy (e.g., 
Storch et al. 2002), body composition (e.g., Allen et al. 2000; Graeve and Wehrtmann 
2003), larval development (e.g., Thatje et al. 2005), and molecular markers (e.g., 
Dambach et al. 2013). Very few contributions are fully related to their reproduction 
patterns or to some aspects dealing with mature females (e.g., Wenner 1979b; 
Clarke 1993; Gorny and George 1997; Lovrich et  al. 2005; Burukovsky and 
Sudnik 2014).

Six species of Nematocarcinus have been reported in the eastern Pacific (see 
Hendrickx and Hernández-Payán 2016, 2018), but only two have so far been 
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recorded off western Mexico: N. agassizii Faxon, 1893 and N. faxoni Burukovsky, 
2001. These two species inhabit at the edge and below the lower boundary of the 
oxygen minimum zone (OMZ) where they are commonly captured in benthic 
sledges and represent a sizable portion of the deep-water decapod crustaceans com-
munity (Hendrickx and Hernández-Payán 2018). Their taxonomy, geographic and 
depth distributions, and density were recently addressed (Hendrickx and Hernández- 
Payán 2016, 2018). Their relationship with environmental parameters has been 
addressed in this volume (see Papiol et al., this volume). Present contribution con-
tributes to basic knowledge of their reproductive pattern.

10.2  Material and Methods

During sampling operations off the west coast of Mexico, a large series of speci-
mens of two species of Nematocarcinus (N. agassizii and N. faxoni) were collected 
during bottom trawling operations (see Hernández-Payán and Hendrickx 2016). 
This series of specimens, the largest on record available for study, was collected by 
the R/V “El Puma” of the Universidad Nacional Autónoma de México (UNAM), 
between 1991 and 2014 (see Hernández-Payán and Hendrickx 2016). Specimens of 
Nematocarcinus were captured during sampling operations in three areas off west-
ern Mexico (Fig.  10.1) during ten cruises (see Hernández-Payán and Hendrickx 
2016) in the lower boundary of the OMZ core and deeper, from 377 to 2394 m 
depth. All the specimens were captured with benthic gear, including an Agassiz 
dredge (2.5 m width, 1 m high) and a benthic sledge (2.35 m width, 0.9 m high). 
Both were equipped with a modified shrimp net (ca. 5.5 cm stretched mesh size) 
with a ca. 2.0 cm internal lining net. All organisms in the catch were identified, and 
specimens of Nematocarcinus were sexed, counted, measured (carapace length, CL 
in mm ± 0.1 mm), and weighted (total weight, W in g ± 0.1 g) at the laboratory. Eggs 
attached to ovigerous females were separated with a mild chlorine solution and 
counted. A selected batch of 20 eggs of each size range of the ovigerous females 
was measured to the nearest 0.01 mm (small and large diameters). Statistical analy-
sis was applied to data (regression curves, χ2, Kruskal-Wallis, and Mann-Whitney 
tests) following Zar (1998). In the case of the test of Mann-Whitney, the value of 
nM and nF is the number of male and female for each parameter, respectively.

10.3  Results

A total of 1463 specimens of Nematocarcinus faxoni and 169 specimens of N. agassizii 
were available for this study. All samples considered, proportions by sex varied consid-
erably between these two species: N. faxoni, 35% males, 59% females, and 6% oviger-
ous females; and N. agassizii, 39% males, 32% females, and 29% ovigerous females 
(Fig. 10.2). Overall male/female ratio (M:F) was 1:1.87 for N. faxoni (χ2 = 129.69, 
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Fig. 10.1 Localities sampled during the TALUD survey in western Mexico (1989–2014)

Fig. 10.2 Proportion of males (M), females (F), and ovigerous females (OF) of Nematocarcinus 
faxoni (a) and Nematocarcinus agassizii (b) considering all specimens collected during the 
TALUD survey
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Fig. 10.3 Proportion of males (M), females (F), and ovigerous females (OF) of Nematocarcinus 
faxoni collected in the Gulf of California during four periods of the year

Fig. 10.4 Proportion of males (M), females (F), and ovigerous females (OF) of Nematocarcinus 
faxoni collected in the Gulf of California for each month over the period of the survey

p<0.05) and 1:1.53 for N. agassizii (χ2 = 8.14, p<0.05). In the case of N. faxoni, the 
presence of these three groups did not vary considerably from one period of the year to 
another (Fig. 10.3), and ovigerous females were collected all year long except in July 
and December (Fig. 10.4). No samples were available for January, September, and 
October. In the case of N. agassizii, data are few to draw conclusions; ovigerous 
females were found only in March and August (i.e., in two out of nine cruises).

In N. faxoni, males ranged from 9.04 to 26.00 mm CL and females from 13.05 to 
28.00 mm CL. The smallest ovigerous female was 17.96 mm CL and the largest 
28.33 mm CL. The Kruskal-Wallis test showed a significant difference in size dis-
tribution among sexes (Fig. 10.5) (χ2, (1463) = 213.97; p < 0.001), with females 
being significantly larger than males (Mann-Whitney test; nM = 513, nF = 948, 
p  <  0.05). In the case of N. agassizii (Fig.  10.6), males ranged from 12.03 to 
27.04 mm CL and females from 12.03 to 27.04 mm CL. The smallest ovigerous 
female was 23.32 mm CL and the largest 31.90 mm CL. The Kruskal-Wallis test 
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Fig. 10.5 Size (CL) distribution of specimens of Nematocarcinus faxoni collected during the 
TALUD survey by sex. Males (M), females (F), and ovigerous females (OF)

Fig. 10.6 Size (CL) distribution of specimens of Nematocarcinus agassizii collected during the 
TALUD survey by sex. Males (M), females (F), and ovigerous females (OF)

also showed a significant difference in size distribution among sexes (Fig. 10.6) (χ2, 
(169) = 85.65; p < 0.001), with females being significantly larger than males (Mann- 
Whitney test; nM = 65, nF = 104, p < 0.05).

In the case of N. faxoni, distribution of specimens by sex and by bathymetric 
range indicates that a larger proportion of males generally occurred in deep water 
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Fig. 10.7 Proportion of males (M), females (F), and ovigerous females (OF) of Nematocarcinus 
faxoni collected at different depth (m) intervals during the TALUD survey

(i.e., 1101–1900  m) than in shallow water (i.e., 701–1100  m depth) (Fig.  10.7). 
Ovigerous females of N. faxoni were not found in the 1701–2100 depth range, 
although at these depths females were abundant. Again, data for N. agassizii were 
too few to draw conclusions.

The number of eggs per female of N. faxoni in the material examined was high, 
from 1269 to 6882 (average, 3700), with ca 2.5 times more eggs in the largest ovig-
erous females than in the smallest. The relationship between female size (CL) and 
number of eggs in N. faxoni was found to be loosely related (R2 = 0.762) (Fig. 10.8). 
All measurements considered, egg size in ovigerous females of N. faxoni with CL 
from 18.09 to 26.21 mm varied from 0.50 to 0.80 mm (long axis) and from 0.40 to 
0.69 mm (short axis). The relationship between length of long and short axis showed 
a loosely correlated increase of length with increase of width (Fig. 10.9). Average 
egg size (20 eggs per female) was 0.59 to 0.72 mm (long axis) and 0.44 to 0.58 mm 
(short axis). There was no clear variation of egg size with female size. The lack of 
sufficient ovigerous females in N. agassizii did not allow for fecundity analysis.

10.4  Discussion

The proportion of individuals per sex (males/females) was similar in N. faxoni and 
in N. agassizii but with a much higher proportion of ovigerous females in the case 
of N. agassizii (29% vs. 6% in N. faxoni). Vélez et al. (1992) reported an astonishing 
dissimilarity in sex proportion for N. agassizii off Peru, with about 90% of the 
specimens being females. Quite the opposite, in N. africanus, Burukovsky and 
Sudnik (2014) found an average incidence of mature females of 9.5% in the 
75–86 mm size class. The same authors assumed that the lower percentage of mature 
females in populations of Nematocarcinus inhabiting in tropical and subtropical 
areas is linked to their more frequent spawning vs. the single spawning of a lower 
latitude species such as N. lanceopes which experiences a single spawning over a 
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Fig. 10.8 Relationship between egg numbers and size (CL) of ovigerous females in Nematocarcinus 
faxoni

Fig. 10.9 Relationship between long and short axis of eggs in ovigerous females of Nematocarcinus 
faxoni
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2-year period, with 14–18% incidence of mature females. Ovigerous females in 
N. lanceopes have been observed in a mean CL of 26.3  mm (Graeve and 
Wehrtmann 2003).

Sizes of N. faxoni and N. agassizii specimens examined were rather similar, with 
maximum of 26–27 mm CL in males and 28–32 mm CL in females. In the case of 
N. agassizii, this was considerably smaller than the maximum size reported by Vélez 
et al. (1992) for Peru (maximum of 34 mm for both sexes). Cornejo (2010) reported 
ovigerous females of N. agassizii of 31.5 mm CL. In both species, mature females 
were considered as those carrying eggs; the development of ovaries was not evalu-
ated, thus sexual maturity (i.e., oocytes development) is probably attained earlier in 
both species (see Gorny and George 1997).

Brood size in caridean shrimps is extraordinary variable, from less than 10 eggs 
in Fennera chacei Holthuis, 1951, to over 35,000 in Heterocarpus laevigatus Bate, 
1888 (Bauer 2004). Today it is generally recognized that many deep-water caride-
ans feature a reduced brood size with large lecitotrophic eggs, as in several species 
of Crangonidae and Glyphocrangonidae (e.g., Hendrickx and Papiol 2015, 2019). 
There are, however, many exceptions to this rule particularly among the deep-water 
Pandalidae (e.g., Plesionika and Heterocarpus) (e.g., Wehrtmann and Andrade 
1998, Triay-Portella et  al. 2017) and within the genus Nematocarcinus (e.g., 
Suseelan 1974; Echeverría-Sáenz and Wehrtmann 2011). In N. faxoni, the number 
of eggs per female was high, up to 6882 per female, thus confirming the trend 
observed by previous authors. Gorny and George (1997) reported maximum brood 
size of 1522 eggs for N. lanceopes Bate, 1888 of 13,847 eggs for N. rotundus 
Crosnier and Forest, 1973, and 15,573 for N. ensifer (Smith, 1882), equivalent to a 
tenfold variation among the genus. Graeve and Wehrtmann (2003) reported an aver-
age brood pouch size of 1219 eggs in N. lanceopes. Burukovsky and Sudnik (2014) 
reported minimum-maximum value of 7252 (female total length, 68  mm) and 
17,700 (female total length, 85 mm) eggs per female (average, 8580) in N. africanus 
Crosnier and Forest, 1973, notably more than in N. gracilipes Filhol, 1884 (average, 
1362 eggs per female of 69–70 mm of length) (Burukovsky and Sudnik 2014).

In caridean shrimps, the number of eggs carried by females is usually correlated 
to the size of the individuals (Bilgin and Samsun 2006; Ahamed and Ohtomi 2011). 
In N. faxoni the relationship between female size (CL) and brood pouch size was 
moderately good. King and Butler (1985) reported on the relationship between 
brood size and the female body wet weight in four species of deep-water 
Heterocarpus, with results varying from poor (R2 = 0.47) to very good (R2 = 0.92). 
Wehrtmann and Andrade (1998) reported a good relationship (R2 = 0.85) for the 
commercial H. reedi Bahamonde, 1955, in Chile.

Nematocarcinus faxoni seems to experience reproduction activity all year long, 
contrary to the Antarctic N. lanceopes in which a clear seasonally limited oogenesis 
has been reported, apparently associated with the primary productivity cycle in the 
euphotic zone (Gorny and George 1997).

Gorny and George (1997) studied the oocyte development and gonad production 
in N. lanceopes. In addition to providing a large amount of information obtained 
from histological observations, they estimated the completely matured oocytes 
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diameter (females CL 27–34 mm) at about 1.4 mm. Burukovsky and Sudnik (2014) 
reported on the maximum size of mature oocytes in both N. africanus (up to 
0.28 mm × 0.36 mm) and in N. gracilipes (up to 0.6 mm × 0.7 mm). Comparatively, 
egg size in N. faxoni was on average 0.58 mm × 0.72 mm. This average size is very 
similar to what has been observed in other groups of deep-water carideans, like the 
genera Plesionika and Heterocarpus. King and Butler (1985) reported egg length 
varying from 0.68  mm to 0.87  mm in four different deep-water species of 
Heterocarpus, while Burukovsky (2017) and Tray-Portella et  al. (2017) reported 
egg length from 0.5 mm to 0.65 mm and from 0.60 mm to 0.82 mm, respectively, in 
two species of deep-water Plesionika.

Based on preliminary information obtained from early deep-water exploration, 
Thorson (1950) predicted that deep-water species would probably have low fecun-
dity and reduced or no pelagic larvae. One argument in favor of this prediction is the 
long migrating journey to surface the pelagic larvae would have to endure in order 
to feed in the rich, primary productive epipelagic zone. In addition, production of a 
large amount of larvae would be necessary to guarantee survival of some during this 
migrating journey (Gage and Tyler 1992). The presence of numerous, small-sized 
eggs with typical planktotrophic larvae (i.e., with an extended larval life) in N. lan-
ceopes has been documented and considered as an outstanding feature for this deep-
water species (Thatje et  al. 2005). In N. faxoni as in some other species of 
Nematocarcinus, a similar situation seems to occur, with numerous small eggs. 
Little is known, however, on the larval morphology and larval behavior within the 
genus, especially for the very deep-water species, and further investigation is needed 
in order to fully understand the dynamics of the migration and feeding processes of 
these larvae. In western Mexico, where a wide and strong oxygen minimum zone 
occurs (Hendrickx and Serrano 2010), vertical migration of planktotrophic larvae 
from deep water to the euphotic zone might be limited for lack of physiological 
adaptations to hypoxic conditions (see Ekau et al. 2010; Hendrickx 2015).
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Chapter 11
Influence of Environmental Variables 
on the Abundance and Distribution 
of the Deep-Water Shrimps Nematocarcinus 
faxoni Burukovsky, 2001 and N. agassizii 
Faxon, 1893 (Crustacea, Decapoda, 
Nematocarcinidae) off Western Mexico

V. Papiol, J. C. Hernández-Payán, and M. E. Hendrickx

Abstract Two species of the deep-water caridean shrimp genus Nematocarcinus 
were collected off western Mexico: N. agassizii (6 samples) and N. faxoni (56 sam-
ples). The specimens were collected using benthic gear (i.e., benthic sledge and 
Agassiz dredge) during a series of 12 cruises (228 samples) in the Mexican Pacific 
and inside the Gulf of California. At each locality, near-bottom temperature, salin-
ity, and dissolved oxygen were measured, and the organic carbon content in the 
sediments was analyzed. Nematocarcinus faxoni was distributed along all the 
Mexican Pacific coasts, and N. agassizii was only collected off the western Baja 
California Peninsula. The density of the two species peaked at different depths, N. 
agassizii at 701–1000 m and N. faxoni at 1001–1300 m, bathymetric changes in 
density being overall significant for both species. The females of both species were 
significantly larger than males, and ovigerous females were larger than the rest of 
the females. Ovigerous females of N. faxoni measured 17.96–28.33 mm (CL) and 
those of N. agassizii measured 23.32–31.90 mm. The size of N. faxoni changed with 
depth, smaller organisms were not collected deeper than 1600 m, and greater pro-
portions of large organisms were found at greater depths. Overall sex ratio was 
M/F  =  1:2, except at 1301–1600 (M/F  =  1:1). High densities of N. faxoni were 
recorded at temperature ranging 3.5–6.5 °C, DO ranging 0–0.5 ml/l, and salinity 
ranging 34.5–34.6 and 34.7–34.8, and in sediments with 1–2% organic carbon con-
tent. Specimens of N. agassizii were mainly found at temperature between 5 and 
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6 °C and aggregated mostly at DO of 0–0.5 ml/l. No particular trend was found 
regarding salinity and organic carbon in the sediments. Generalized additive models 
revealed that the distribution of N. faxoni was associated with environments with 
intermediate salinity, low organic carbon content in the sediments, and high tem-
perature. Nematocarcinus agassizii distribution was associated with lower salinity 
and higher organic carbon content than N. faxoni.

Keywords Deep-sea · Caridean shrimps · Ecology · East Pacific · Oxygen 
minimum zone

11.1  Introduction

The Nematocarcinidae is a large family of caridean shrimps including five genera: 
Lenzicarcinus Burukovsky, 2005 (1 species), Macphersonus Burukovsky, 2012  
(1 species), Nematocarcinus A. Milne-Edwards, 1881 (48 species), Nigmatullinus 
Burukovsky, 1991 (1 species), and Segonzackomaius Burukovsky, 2011 (2 species) 
(WoRMS editorial board 2020). The genus Nematocarcinus is the one comprising a 
largest number of species, about half of which (24) have been described by Rudolph 
Burukovsky, who also provided exhaustive reviews of the genus (see Burukovsky 
2001, 2004, 2012).

Nematocarcinus spp. are distributed worldwide in deep-water (Chace 1986; De 
Grave and Fransen 2011), including hydrothermal vents (e.g., Komai and Segonzac 
2005), and can be dominant in decapod crustacean communities: e.g., Nematocarcinus 
exilis (Bate, 1888) in the NW Mediterranean Sea (Cartes and Sardà 1992), N. rotun-
dus Crosnier and Forest, 1973  in the SW Gulf of Mexico (Escobar-Briones et al. 
2008), N. africanus Crosnier and Forest, 1973 in CE Atlantic (Muñoz et al. 2012), 
and N. ensifer (Smith, 1882) in Atlantic seamounts (Cartes et al. 2014). In the eastern 
Pacific, six species of Nematocarcinus have been reported: N. agassizii Faxon, 1893 
(Mexico to Peru, including localities off Coco, Malpelo, and Galapagos Islands), 
N. faxoni Burukovsky, 2001 (Mexico to Galapagos Islands, southwestern Atlantic), 
N. lanceopes Bate, 1888 (off Chile), N. proximatus Bate, 1888 (off Chile), N. longi-
rostris Bate, 1888 (off Chile), and N. serratus Bate, 1888 (off Chile) (Guzmán and 
Quiroga 2005; Cardoso and Burukovsky 2014; Hernández-Payán and Hendrickx 
2016). Nematocarcinus faxoni is dominant in the slope of the northeastern Mexican 
Pacific (Papiol et al. 2017) and inside the Gulf of California (Papiol and Hendrickx 
2016a). Despite the large distribution and abundance of Nematocarcinus spp., infor-
mation of their ecology is scarce and mostly refers to their depth distribution range 
and habitat (e.g., Türkay 1998, Komai and Segonzac 2005, Burukovsky 2012) and to 
their diet (e.g., Wenner 1979; Cartes 1993a). Additionally, some knowledge is avail-
able on their internal anatomy (e.g., Storch et  al. 2001), reproduction patterns  
(e.g., Wenner 1979; Gorny and George 1997; Burukovsky and Sudnik 2014), body 
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composition (e.g., Allen et al. 2000), larval development (e.g., Thatje et al. 2005), 
and molecular markers (e.g., Dambach et al. 2013). Yet, no integrative ecological 
study addressing the environmental drivers of species’ distributions has been per-
formed for this genus.

In the northeastern Pacific, the distribution of decapod crustaceans (and of mac-
rofauna and megafauna in general) is strongly defined by the presence of a perma-
nent oxygen minimum zone (OMZ) in the water column. OMZs are large water 
layers where dissolved oxygen (DO) values fall persistently below 0.5 ml/l (22 μM) 
(Levin 2003). They have a hypoxic core (DO<0.15 ml/l or 6.6 μM) where macro-
fauna and megafauna are virtually absent (Diaz and Rosenberg 1995; Levin 2003; 
Murty et al. 2009; Hunter et al. 2011), and therefore the consumption of particulate 
organic carbon (OC) in the water column is low, and sediments are organically 
enriched (Devol and Hartnett 2001; Cowie 2005; Roullier et al. 2013). Below the 
hypoxic core, DO increases gradually with depth as temperature decreases. Right 
under this core, in the lower OMZ boundary (0.15 ml/l < DO<0.5 ml/l), increased 
DO and the high availability of labile OC in the sediments favor aggregations of 
megafauna (Murty et al. 2009; Papiol and Hendrickx 2016a), and the strong envi-
ronmental (DO, OC, and temperature) gradients found are linked to rapid bathymet-
ric successions of species or large taxonomic groups (Zamorano et al. 2007; Méndez 
2007; Murty et al. 2009). Below the OMZ boundary, OC in the sediments and mega-
fauna abundance decline with depth. In the eastern Pacific off western Mexico, 
recent comprehensive studies of the deep-sea decapod community ecology described 
similar patterns of fauna distribution as described above and located the lower OMZ 
boundary in the region at ca. 700–1300 m (Papiol and Hendrickx 2016a; Papiol 
et al. 2017). In this region, the horizontal convergence of water masses (i.e., the 
North Pacific Intermediate Water and the Equatorial Subsurface Water) at 26°N, off 
the southern Baja California Peninsula, was recognized as an additional factor 
defining the distribution of decapod crustaceans together with the OMZ, and strong 
changes in community composition have been described at this latitude, not only for 
decapod crustaceans (Wicksten 1989; Papiol et al. 2017) but also for fish (Cruz-
Acevedo et al. 2018).

During sampling operations off the west coast of Mexico, large series of speci-
mens of two species of Nematocarcinus (N. agassizii and N. faxoni) were col-
lected during bottom trawling operations (see Hernández-Payán and Hendrickx 
2016; Hendrickx and Hernández-Payán 2018). These two species inhabit the 
lower boundary of the OMZ and below. Hendrickx and Hernández-Payán (2018) 
provided some insight of the occurrence and density of these two species along 
western Mexico, mostly of their depth distribution and the ranges of environmen-
tal variables they occupied. In this contribution, we provided a more complete 
analysis of the bathymetric patterns of distribution of the species, including sex 
and size patterns, and we addressed the influence of the environmental variables 
available with the aim to understand which factors drive the abundance and distri-
bution of these species.
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11.2  Material and Methods

11.2.1  Biological Sampling

The material on which this study is based was collected by the R/V “El Puma” of 
the Universidad Nacional Autónoma de México (UNAM), between 1991 and 2014 
(see Hernández-Payán and Hendrickx 2016). Specimens of Nematocarcinus (N. fax-
oni and N. agassizii) were captured during sampling operations performed during 
12 cruises in three areas off western Mexico (Fig. 11.1a): off the west coast of the 
Baja California Peninsula (three cruises: TALUD XV, July–August 2012; TALUD 
XVI, July 2013; TALUD XVI-B, May–June 2014), in the Gulf of California (eight 
cruises: TALUD III, September 1991; TALUD IV, August 2000; TALUD V, 
December 2000; TALUD VI, March 2001; TALUD VII, June 2001; TALUD VIII, 
April 2005; TALUD IX, November 2005; TALUD X, February 2007), and off the 
SW coast of Mexico, from Jalisco to Guerrero (one cruise: TALUD XII, March–
April 2009). During these cruises, a total of 228 localities were sampled  from 377 
to 2394 m depth. Positional coordinates for each sampling station were obtained 
using a GPS navigation system. Depth was measured with an Edo Western analog 
recorder (TALUD III–VIII) or a digital recorder (TALUD IX–XVI-B).

All the specimens were captured with benthic gear, including an Agassiz dredge 
(2.5 m width, 1 m high) used in the 1991 cruise (TALUD III, 17 hauls) and a benthic 
sledge (2.35  m width, 0.9  m high) used in the other surveys (211 hauls; see 
Hendrickx 2012; Papiol et al. 2017). Both were equipped with a modified shrimp 
net (ca. 5.5 cm stretched mesh size) with a ca. 2.0 cm internal lining net. All sam-
plings were performed at an average speed of 1.75 knots (3.2 km/h), and the time on 
the bottom of each haul was 30 min in most cases. All organisms in the catch were 
identified, and specimens of Nematocarcinus were sexed (M, males; F, females; OF, 
ovigerous females), counted, measured (carapace length (CL) in mm ± 0.1 mm), 
and weighted (total weight (W) in g ± 0.1 g) at the laboratory. Most specimens were 
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deposited in the Regional Collection of Marine Invertebrates (ICML-EMU) at the 
UNAM in Mazatlán, Mexico (see Hernández-Payán and Hendrickx 2016).

11.2.2  Environmental Data

Temperature (T), salinity (S), and dissolved oxygen (DO) were measured about 
20 m above the sea bottom (20 mab) with a Seabird 19 CTD. Rosette-mounted 10 l 
Niskin bottles were also deployed, and dissolved oxygen concentration was esti-
mated with the Winkler method (Strickland and Parsons 1972) during all samplings 
and compared with CTD results. Sediment was sampled at each sledge station by 
means of a modified USNEL box core, and samples of the top 3 cm were stored at 
4–8 °C. At the laboratory, sediments were dried to constant weight at 60 °C. The 
organic carbon content in sediments (OCsed) was determined following the tech-
nique of Loring and Rantala (1992) and used as an indicator of food availability for 
benthos (see Beaulieu 2002).

11.2.3  Data Analysis

Abundance of N. faxoni and N. agassizii was standardized to a common swept area 
of 1 hectare (inds/ha). Density patterns with depth were analyzed for the Mexican 
Pacific as a whole grouping samples every 300 m in order to reflect the main bathy-
metric gradients in dissolved oxygen and fauna composition previously detected in 
this OMZ (see Papiol and Hendrickx 2016a; Papiol et al. 2017). Statistical differ-
ences in density with depth were tested. Sexual and bathymetric patterns in cara-
pace length (CL) distribution were analyzed, and differences were also tested. All 
data were tested for normality using the Kolmogorov-Smirnov test. For data that 
were normally distributed, ANOVA was used. For data that did not satisfy the 
assumptions of normality, even after transformation, a nonparametric Kruskal- 
Wallis (K-W) or Mann-Whitney U test was used. Sex ratio (males/females (M/F)) 
per depth stratum was looked at, and variations with depth were analyzed.

Considering the similar characteristics of the two sampling gear used in this 
study (both benthic, similar sizes and similar mesh size) and the importance of 
increasing sample size for the analyses of population patterns, the data obtained by 
both sampling gear were analyzed jointly. Yet, bearing in mind the potential effects 
of differences in catchability between the gear on population size (Flannery and 
Przeslawski 2015), the main patterns in abundance/density for each gear were com-
pared qualitatively. Besides, the samples obtained with Agassiz dredge were not 
considered for joint analyses of fauna and environmental data.

Environmental maximum and minimum thresholds of distribution of the spe-
cies were recorded for each variable. Patterns in density with respect to each envi-
ronmental variable were analyzed. In order to identify which variables explained 
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the patterns of near-bottom distribution of both species of Nematocarcinus, 
Spearman rank correlations were calculated between values of density and the 
available environmental variables using two different approaches: using all sam-
ples, aiming to detect the main variables determining the presence of the species, 
and using samples containing specimens of each of the species, with the purpose 
to establish which variables define abundance patterns of Nematocarcinus speci-
mens. Generalized additive models (GAMs; Hastie and Tibshirani 1986) were also 
performed on density data using the same two approaches. First, correlation matri-
ces were calculated on the environmental data set in order to identify correlations 
among the variables. Correlated variables (Pearson’s correlation coefficient, 
ρ  >  0.70) were not fitted in the same model. GAMs were used to evaluate the 
potential contribution of selected environmental variables in explaining the varia-
tion in density of individuals of Nematocarcinus. GAMs were computed using the 
statistical programming environment R (version 3.5.0) and the package mgcv 
(Wood 2006; Wood and Augustin 2002). GAMs are flexible statistical predictive 
models which allow for nonlinear, nonparametric relationships between a set of 
predictors and a dependent variable. We used smoothing splines to represent the 
nonlinear effect of predictors. The dependent variable was modeled using the 
Tweedie distribution function with logarithmic link. The Tweedie set of distribu-
tions include a range of distributions including the normal, Poisson, gamma, and 
inverse Gaussian distributions. In this study, a power function (p) between 1 and 2 
was used. In this special case, Tweedie distributions are also known as “compound 
Poisson” (Smyth and Jørgensen 2002), because they can be obtained as Poisson 
mixtures of gamma distributions. We computed GAMs using density of individu-
als of the Nematocarcinus species included in this chapter in each haul as a 
response variable and the available set of environmental variables as predictor 
variables. Model selection was based on minimizing Akaike information criterion 
(AIC) values and including covariates with p < 0.05. All statistical analyses were 
carried out with STATISTICA 10 (StatSoft, Inc) and R (version 3.5.1: 
https://www.r-project.org/) software. Map was obtained using SimpleMappr 
(https://www.simplemappr.net/).

11.3  Results

11.3.1  Population Structure

A total of 1632 specimens were collected during the study, including 1463 of 
N. faxoni and 169 of N. agassizii (see Hendrickx and Hernández-Payán 2018). 
Considering all cruises, a total of 58 (25%) samples contained specimens of 
Nematocarcinus (one or two species). Nematocarcinus faxoni was collected in 56 
samples distributed along the entire western Mexico coast (northeastern Pacific and 
inside the Gulf of California) (Fig.11.1b); N. agassizii was collected in only six 
samples distributed off the west coast of the Baja California Peninsula (Fig. 11.1b).
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No species of Nematocarcinus were found in water shallower than 701  m or 
deeper than 2100  m, corresponding to the continental slope. Considering their 
bathymetric and geographic distributions, further analyses were performed only 
considering samples obtained deeper than 700 m, and for N. agassizii, samples were 
restricted to the west coast of the Baja California Peninsula.

Nematocarcinus faxoni was caught in a global depth range of 779–2055 m and 
was more frequently sampled between 1301 and 1500 m, appearing in 48% of the 
samples (Table 11.1). The highest density was at 1001–1300 m (57.6 ± 198.4 inds/
ha), where the species was collected in 45% of the samples. Lowest density was 
found at depths greater than 1600 m (3 ± 14.6 inds/ha). Frequency of appearance of 
N. faxoni with depth in Agassiz dredge was slightly greater at 1001–1300 m (75%) 
and lower at 701–1000 m (0%), but the overall bathymetric patterns in frequency of 
appearance and density previously described were not altered by the inclusion of 
such data, likely owing to the low number of samples.

Nematocarcinus agassizii was collected in a narrower depth range (730–1318 m) 
(Table 11.1, Hendrickx and Hernández-Payán 2018) than N. faxoni. Virtually all 
specimens (99%) were collected at the 701–1000 m depth range, where density was 
50.5 (±69.34) inds/ha, and the species was collected in 10% of the samples. No 
specimens of this species were collected with the Agassiz dredge, which was only 
used inside the Gulf of California.

Large standard deviations in density values estimated in each depth stratum were 
much greater than mean values of density, as a result of the large number of samples 

Table 11.1 The number of hauls performed below 700 m during this study (only west of the Baja 
California Peninsula for N. agassizii) is grouped every 300  m. The frequency of appearance, 
number of individuals, mean density per hectare (±standard deviation), and the numbers of 
individuals per each sex are indicated for the two species

Depth range 701–1000 1001–1300 1301–1600 >1600

Nematocarcinus faxoni

Number of hauls 41 49 42 32
Frequency of appearance (%) 12 45 48 16
Number of individuals 303 964 211 42
Mean density (±standard deviation) 23.3 (±95.0) 57.6 (±198.4) 12.5 (±28.9) 3.0 (±14.6)
Number of males 105 299 110 16
Number of females 167 594 87 22
Number ovigerous females 31 37 14 4

Nematocarcinus agassizii

Depth range 701–1000 1001–1300 1301–1600 >1600
Number of hauls 10 8 14 8
Frequency of appearance (%) 50 0 7 0
Number of individuals 167 0 2 0
Mean density (±standard deviation) 50.5 (±69.3) 0 0.4 (±1.4) 0
Number of males 64 0 1 0
Number of females 52 0 1 0
Number ovigerous females 51 0 0 0
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not containing individuals of the targeted species and of the heterogeneity in density 
distribution. Bathymetric changes in density of N. faxoni were overall significant 
(K-W test, H3,179 = 20.161, p < 0.001). Yet, related with the large standard devia-
tions, bathymetric changes in density were only significant between 701–1000 and 
1001–1300  m (p  =  0.04). Changes in N. agassizii density with depth were also 
overall significant (K-W test, H3,40 = 1.505, p < 0.01), but pairwise comparisons 
were not.

Analysis of size distribution of specimens of N. faxoni shows that females (F) 
(including OF) were larger (CL range 9.05–28.33 mm) than males (M) (size range 
9.04–26.00 mm CL) (Mann-Whitney U test, nF + OF = 956, nM = 530, p < 0.001) 
(Fig. 11.2). The smallest OF measured 17.96 mm CL and the largest 28.33 mm. 
Significant differences in size distribution among sexual categories were also 
observed when F and OF were considered separately (K-W test, H2,1461 = 169.24; 
p < 0.001) and all pairwise comparisons were significant (OF > F > M; p < 0.001).

A similar trend was observed in N. agassizii (Fig. 11.3), and F + OF were larger 
than M (Mann-Whitney U test, nF + OF = 104; nM = 65; p < 0.05). OF (23.32–31.90 mm) 
were significantly larger than F (13.75–28.96 mm), and the latter were larger than 
M (12.03–27.04 mm) (K-W test, H2, 169 = 85.64; p < 0.001).

The size of N. faxoni changed with depth (K-W test, H3,1486 = 33.22; p < 0.001), 
and the main patterns observed were the restriction of organisms smaller than 11 cm 
to 1001–1600 m and the greater proportions of organisms larger than 24 cm with 
increasing depth (Fig.  11.4). Consistently, size distribution at 701–1000  m 
 significantly differed from those at the other depth strata (all p > 0.01). Overall sex 
ratio (M/F) was 1:2, which was constant in the depth gradient except at 1301–1600 
where sex ratio was 1:1 (Table 11.1).

Fig. 11.2 Size distribution of males (blue), females (green), and ovigerous females (red) of 
Nematocarcinus faxoni collected during this survey
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Fig. 11.3 Size distribution of males (blue), females (green), and ovigerous females (red) of 
Nematocarcinus agassizii collected during this survey

Fig. 11.4 Size distribution of Nematocarcinus faxoni by depth range

11 Ecology of Nematocarcinus spp. in the Mexican Pacific



282

The size and sex bathymetric distribution of N. agassizii could not be analyzed 
because of the narrow depth range occupied by the species and the low number of 
individuals obtained.

11.3.2  Relationship Between Density and Environmental 
Variables

Hendrickx and Hernández-Payán (2018) presented the range of each environmental 
variable where Nematocarcinus species were found. In summary, N. faxoni was 
observed at near-bottom temperature (T20mab) between 2.35 and 5.75  °C, salinity 
(S20mab) between 34.40 and 34.70, dissolved oxygen (DO20mab) between 0.11 and 
1.60  ml/l, and organic carbon in the sediments (OCsed) between 1.2 and 5.9%. 
Nematocarcinus agassizii was at T20mab ranging 3.15–5.81 °C, S20mab between 34.40 
and 34.63, DO20mab ranging 0.11–0.93 ml/l, and OCsed ranging 1.3–5.2%.

High densities of N. faxoni (mean values >60 inds/ha) were recorded at T20mab 
between 3.5 and 6.5 °C. Below 3.5 °C, recorded mean density was lower than 15 
inds/ha (Fig. 11.5a). Mean density of N. faxoni was high (57.9 inds/ha) at DO20mab 
of 0–0.5 ml/l and decreased with increasing DO20mab (Fig. 11.5b). Density values 
above 55 inds/ha were recorded at S20mab ranges 34.5–34.6 and 34.7–34.8, and val-
ues lower than 15 inds/ha were found at S20mab ranges 34.4–34.5 and 34.6–34.7 
(Fig. 11.5c). High density of N. faxoni (78.8 inds/ha) was recorded at sediments 
with OCsed between 1 and 2%. At higher OCsed values, density was always below 30 
inds/ha (Fig. 11.5d).

Nematocarcinus agassizii specimens were mainly found at T20mab between 5 and 
6 °C at mean density of 75.6 inds/ha, with few specimens observed at 3–4 °C (0.3 
inds/ha) (Fig. 11.6a). Organisms aggregated (79.2 inds/ha) mostly at DO20mab rang-
ing 0–0.5 ml/l and low density (1.2 inds/ha) were observed at DO20mab 0.5–1 ml/l 
(Fig. 11.6b). Mean density was similar at S20mab 34.4–34.5 and 34.5–34.6, about 22 
and 25 inds/ha (Fig. 11.6c). Patterns of density were irregular in relation with OCsed. 
Higher density was observed at areas were OCsed was 3–4% (36.9 inds/ha) or 5–6% 
(20.7 inds/ha) (Fig. 11.6d). Low density was observed at sediments with 1–2% (7.5 
inds/ha) or 4–5% (3.4 inds/ha) of organic carbon.

Spearman rank correlations calculated between N. faxoni density data and the 
available environmental variables revealed that when using data of all samples, 
N. faxoni density was positively correlated with T20mab (n = 45, ρ = 0.300, p < 0.05) 
and negatively correlated with DO20mab (n = 54, ρ = −0.315, p < 0.05). When only 
considering samples containing organisms, N. faxoni density was still positively 
correlated with T20mab (n = 43, ρ = 0.474, p < 0.01) and negatively correlated with 
DO20mab (n = 52, ρ = −0.413, p < 0.01), correlations being stronger than when all 
samples were considered. Almost significant negative correlations were detected 
between density and S20mab (n  =  44, ρ  = −0.278, p  =  0.07) and OCsed (n  =  34, 
ρ = −330, p = 0.06).
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For N. agassizii, when all samples were considered, significant positive Spearman 
rank correlations were found between density and T20mab (n = 40, ρ = 0.489, p < 0.01). 
Density was negatively correlated with DO20mab (n = 40, ρ = −0.512, p < 0.001) and 
S20mab (n = 40, ρ = −0.447, p < 0.01). Only considering samples containing N. agas-
sizii, density was negatively correlated with DO20mab (n = 6, ρ = −0.942, p < 0.01).

T20mab and DO20mab were negatively correlated (ρ = −0.86), and thus, when com-
puting GAMs, they were never included in the same model. The best GAM model 
for samples with and without individuals of N. faxoni was density of individu-
als = T20mab + s(S20mab, k = 20) + s(OCsed, k = 20), where s() denotes the use of a spline 
smoother. This model explained 48.3% of the total deviance, and AIC was 356.5. 
Density of individuals of N. faxoni was higher at higher T20mab, peaked at intermedi-
ate (34.5–34.6) S20mab values, and was greater in areas with low OCsed (Fig. 11.7a). 
When considering only samples containing individuals of N. faxoni, the best GAM 
model was density = s(T20mab) + s(OCsed, k = 12). This model explained 90.8% of the 
total variance, and AIC was 256.0. Density increased steadily with T20mab from 2.5 
to 4.5 °C and remained constant at temperature higher than 4.5 °C. Patterns of den-
sity related with OCsed were irregular, with higher abundance at low OCsed and sec-
ondary peaks at 2% and 4% OCsed (Figure 11.7b).

For N. agassizii, best GAM explaining density patterns when samples both con-
taining and not containing specimens were considered was density of individu-

Fig. 11.5 Density of Nematocarcinus faxoni per (a) near-bottom temperature, (b) oxygen, (c) 
salinity, and (d) organic carbon in sediments intervals
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als = DO20mab + s(S20mab, k = 20), explaining 86.6% of the total deviance with an AIC 
of 102.36. Density remained high at low S20mab (34.4–34.5) and decreased at higher 
S20mab values (Fig. 11.8). Density decreased steadily as DO20mab increased. GAMs 
only considering samples containing organisms were not calculated because of the 
low sample size (only 6).

11.4  Discussion

11.4.1  Geographic and Bathymetric Distributions

The two Nematocarcinus species studied in this contribution are distributed over 
tropical and temperate areas of the eastern Pacific, coinciding in their latitudinal 
range from Mexico to Perú (Kameya et al. 1997; Martínez-Guerrero and López- 
Pérez 2018). Nematocarcinus faxoni also occurs in the SW Atlantic Ocean (Cardoso 
and Burukovsky 2014). Off western Mexico (northeastern tropical Pacific), the 
geographic distribution of both species overlapped only partially, and while N. fax-
oni was distributed along all the Mexican Pacific coasts with the only exception of 
the northern Gulf of California, N. agassizii was only found off the west coast of 

Fig. 11.6 Density of Nematocarcinus agassizii per (a) near-bottom temperature, (b) oxygen, (c) 
salinity, and (d) organic carbon in sediments intervals
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the Baja California Peninsula. The two species mainly inhabited different depth 
ranges: N. agassizii was distributed above 900 m, and most N. faxoni organisms 
occupied depths below 1000 m (this study, Hendrickx and Hernández-Payán 2018). 
Bathymetric replacement among species with similar ecological requirements is a 
common niche segregation mechanism in the marine environment (e.g., Wenner 
1978, Cartes 1998) and has already been reported in other species of Nematocarcinus 
(N. ensifer and N. rotundus: Wenner 1979). This is thought to be an effective mech-
anism for reducing interspecific predation or competition, e.g., for food resources, 
and may act restricting N. agassizii from dwelling greater depths. Still, some bathy-
metric overlap between both species was observed, and they even were collected 
simultaneously in a few samples. Such coexistence may be supported by a high 
availability of food at the lower OMZ boundary, located at depths ranging ca. 
700–1300 m in the study area (Papiol and Hendrickx 2016a; Papiol et al. 2017). 
Nematocarcinus spp. are described as deposit and low-mobile benthos feeders with 
an opportunistic scavenging behavior on fish remains (Wenner 1979; Cartes 1993a; 
Allen et al. 2000). Accumulations of labile organic material in the sediments (Levin 
2003; Cowie 2005) and proliferation of benthic macrofauna (Wishner et al. 1990; 
Levin 2003; Levin et al. 2009) at the lower OMZ boundary may provide enough 
food to support Nematocarcinus species and other benthic and deposit feeders that 
aggregate at these depth ranges (Papiol and Hendrickx 2016a). Concomitant high 

Fig. 11.7 Generalized additive model estimates of partial effects of environmental variables on 
density of Nematocarcinus faxoni in the Mexican Pacific. (a) Partial effects of near-bottom salinity 
and temperature and of organic carbon content in the sediments (samples with and without indi-
viduals of N. faxoni included). (b) Partial effects of near-bottom temperature and organic carbon in 
the sediments estimated on samples that contained individuals of N. faxoni. Shaded areas on each 
variable show the 95% confidence intervals, and tick marks on the x-axis indicate sampling data 
points
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abundances of benthic and benthopelagic megafauna may result in an additional 
food source for Nematocarcinus through the presence of dead animal remains.

Below OMZs,  species usually occupy narrow bathymetric ranges of 200–400 m 
(Levin et al. 2009; Murty et al. 2009; Quiroga et al. 2009) determined by the steep 
bathymetric gradients in oxygen, temperature, and food availability. Decapod crus-
taceans found at depth intervals of 600  m or more, such as N. faxoni, are rare 
(Quiroga et al. 2009; Papiol et al. 2017). Species-specific combinations of tempera-
ture and oxygen restrict metazoan distributions to bathymetric ranges by regulating 
their aerobic capacity (Ekau et al. 2010; Seibel 2011). Below OMZs, such regula-
tion is especially significant at defining the shallowest distributions of the species in 
association with their lower oxygen demand thresholds. Both species studied in the 
present contribution were well distributed in hypoxic conditions (DO ≤0.18 ml/l: 
Kamykowski and Zentara 1990), which is considered a minimum threshold affect-
ing the distribution of pelagic organisms in OMZs of the eastern tropical Pacific and 
the Indian Ocean (see Seibel 2011 and references cited therein). It is expected that 
Nematocarcinus have lower metabolic demands associated with their benthic (rather 
than pelagic) habits and their deposit (rather than predatory) feeding activity 
(Childress et al. 1990; Company and Sardà 1998; Maynou and Cartes 1998), which 
may allow them to proliferate in such oxygen-depleted context. Although it has not 
been specifically documented for Nematocarcinus species, adaptations that enhance 
their capacity for oxygen extraction and transport (Childress and Seibel 1998; 
Seibel et al. 1999; Drazen and Seibel 2007; Jeffreys et al. 2012) likely also contrib-
ute to their capacity to inhabit severely hypoxic environments (Drazen and Seibel 
2007). It is important to note that in this survey, samplings were not performed at 
depths less than 710 m off the Baja California Peninsula and therefore a shallower 
distribution of N. agassizii cannot be discarded. Yet, distribution at significantly 
lower oxygen concentration is unlikely because it should be typically associated 
with temporary vertical migrations to feed or diapause (Escribano et  al. 2009; 
Gooday et al. 2009), and in the Arabian Sea OMZ, the absence of anaerobic bacteria 
markers in Nematocarcinus gracilis proved that this species does not feed inside the 
OMZ core (Allen et al. 2000).

Fig. 11.8 Generalized additive model estimates of partial effects of environmental variables on 
density of Nematocarcinus agassizii in the Mexican Pacific. Partial effects of near-bottom salinity 
and dissolved oxygen (samples with and without individuals of N. agassizii included). Shaded 
areas on each variable show the 95% confidence intervals, and tick marks on the x-axis indicate 
sampling data points
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The strong quantitative and qualitative gradients in the food available below 
OMZ cores (Cowie 2005) may also contribute to the confinement of species in nar-
row bathymetric bands. Yet, the opportunistic feeding of Nematocarcinus character-
ized by a marked scavenging behavior can help them overcome food variations, and 
it may support the organisms of N. faxoni dwelling great depths, where food is 
notably scarce. Anyway, the observed decrease in density with depth is consistent 
with the well-known concurrent food decline.

11.4.2  Size and Sexual Maturity

The bathymetric variations in the size structure of N. faxoni population suggested 
a somehow bigger-deeper trend that is common in the deep-sea (Morales-Nin 
et al. 2003). Bathymetric size segregation within a species likely results from the 
combination of depth variations in food availability (Wishner et al. 1995; Cowie 
2005; Levin et al. 2009) and ontogenic trophic niche partitioning, and therefore 
contributes to the reduction of intraspecific competition (Rowe 1971; Carey 
1981). Besides, the spatial segregation between large and small specimens might 
contribute to minimization of potential cannibalism on smaller specimens by 
large conspecifics, as already described for fish (e.g., Holt et al. 2013 and refer-
ences cited therein). Sexual vertical partitioning of the space was not observed, 
and the presence of ovigerous females and large females in all depth strata con-
curs with the ability of the species to find the required food (e.g., to cover the high 
energetic demands for reproduction) in the entire depth range, likely through their 
opportunistic scavenging behavior.

Sex ratios in favor of females, common in many deep-water caridean shrimps 
(e.g., Wenner 1979, Vafidis et  al. 2008 and references cited therein, Paramo and 
Núñez 2015), are likely related with the presence of spermatophores in this family. 
Each male can fertilize more than one female by the transfer of spermatophores, 
which they can synthesize in a relatively short time compared to female egg produc-
tion (Mauchline 1972). Spermatophores can be stored by females who will fertilize 
the eggs as they are laid (Nagaraju 2011). Larger size of ovigerous females com-
pared to males will likely allow for the production of a larger number of eggs (Bauer 
2004), which is definitely important in r-strategists such as Nematocarcinus spp. 
(Wenner 1979).

11.4.3  Environmental Drivers

The distribution of both species of Nematocarcinus in the Mexican Pacific was par-
tially explained by salinity (S), which is one of the variables defining water masses. 
Water masses have already been identified as drivers of fauna shifts (e.g., Muñoz 
et al. 2012; Cartes et al. 2014). In the Mexican Pacific, two different water masses 
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(i.e., the North Pacific Intermediate Water (NPIW) and the Equatorial Subsurface 
Water (ESsW)) converge horizontally at ca. 26 °N, resulting in the presence of a 
relatively marked salinity gradient to depths of ca. 1000 m and in important fauna 
changes (Wicksten 1989; Papiol et al. 2017). The presence of N. agassizii off the 
western coast of the Baja California Peninsula appeared to be linked to the influence 
of the NPIW, characterized by low salinity. Alternatively, N. faxoni was associated 
with higher S from the ESsW, with greater influence south of 26°N.

Temperature (T) or dissolved oxygen (DO) also regulated the distribution of both 
Nematocarcinus species. These variables are interdependent, and under OMZs they 
covary with depth: T typically decreases, and DO increases with depth (Levin 
2003). Coherently, in the study area, strong negative correlations between depth and 
T and positive correlations between depth and DO have been documented (see 
Papiol and Hendrickx 2016a; Cruz-Acevedo et al. 2018). Species-specific combina-
tions of T and DO regulate the aerobic capacity of most metazoans limiting their 
distribution (Ekau et al. 2010; Seibel 2011) to specific bathymetric ranges in this 
case. The broader geographic and bathymetric distributions of N. faxoni is probably 
linked to its capacity to proliferate at wider T and DO ranges. The influence of T and 
DO on the bathymetric distribution of other benthic species similar to Nematocarcinus 
spp. has already been detected (Hendrickx and Papiol 2015, 2019; Papiol et  al. 
2016) in the Mexican Pacific OMZ, but such influence was not so strong in the 
pelagic vertically migrating shrimp Benthesycimus tanneri (Papiol and Hendrickx 
2016b) who presumably performs temporary migrations into the OMZ.

The different OCsed ranges mainly inhabited by the two species agree with their 
bathymetric replacement with depth and likely also contributed to the more steno-
bathic distribution of N. agassizii. This species seemed to require larger food amounts 
(as reflected by OCsed) than its congener and was mainly distributed in areas with 
OCsed ≥ 3%. Such large amounts of organic carbon in the sediments can be found at 
the lower OMZ core transition zone, where N. agassizii was distributed, and are typi-
cally linked with aggregations of benthic macrofauna (Wishner et al. 1990; Levin 
2003; Levin et al. 2009), which are also potential food items for Nematocarcinus 
(Wenner 1979; Cartes 1993a). Nematocarcinus faxoni was able to maintain high 
abundance in deeper, less productive areas, which are found below the lower OMZ 
boundary, suggesting lower feeding intensity by this species. In the southern region 
of the Mexican Pacific, N. faxoni is further replaced by the oplophorid shrimp 
Acanthephyra brevicarinata along the bathymetric gradient (Papiol et  al. 2017), 
arguably associated with the low feeding intensity characteristic of some species of 
this genus (Cartes 1993b). Thus, the significant effect of the steep bathymetric gradi-
ents in food availability on species composition under OMZs is highlighted.
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Chapter 12
Pelagic Shrimps (Crustacea, Decapoda, 
Dendrobranchiata, and Caridea) 
in the Southeast Pacific

G. L. Guzman and C. Nicole Olguin

Abstract Updated information on pelagic shrimps collected in the southeast 
Pacific is provided. The study is based on recent expeditions during the last decade 
off the Chilean coast and on the material of the 1962 Eltanin expedition to Peru and 
Chile (cruises 3–5). This material was deposited in the Museum Support Center of 
the Smithsonian Institution but have so far not been studied. The study area was 
from 07°S to 62°S, from Punta Chicama, Peru, to Drake Passage, and from the con-
tinental slope of southeast of South America to Chilean Island (Desventuradas 
Islands, Easter Island and Juan Fernandez Archipelago). Samples were taken from 
the epipelagic to the bathypelagic zones. The information obtained is compared 
with a previous review published by G. Guzman in 2008. A total of 78 species were 
registered, and the differences with the 79 species reported earlier are discussed. It 
is concluded that some of the inconsistencies between both values correspond to 
species that were collected only once due to their low abundance and characterized 
as rare species, probably due to sampling methods. This is the case of Glyphus mar-
supialis, collected only once off Peru. Biogeographical connections between the 
shrimp fauna of the study area and other zones of the Pacific Ocean are discussed. 
Two distributional patterns were observed, one related with the circum-Antarctic 
waters and another related with the West Pacific. Despite these recent efforts, the 
pelagic fauna occurring in large zones of the Southeast Pacific remains unknown. 
Surveys in the area have been episodic, thus impeding the possibility to establish 
accurate biogeographical patterns and relationships with other regions and to 
increase our knowledge on the biology of the shrimp pelagic fauna.
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12.1  Introduction

The pelagic shrimps considered here correspond to a fraction of the holopelagic 
decapods in the Nielsen’s sense (Nielsen 2013). This group is composed of a few 
families of Decapoda, all included in the Dendrobranchiata and Caridea. Within the 
Dendrobranchiata, the families Sergestidae and Benthesicymidae are mainly 
pelagic, and the Penaeidae, Solenoceridae, and Aristeidae have some species that 
live in this environment. Within the Caridea, pelagic species belong to the 
Pasiphaeidae and Oplophoridae s.l. (Acanthephyridae and Oplophoridae).

In the Southeast Pacific (SEP), the pelagic shrimp fauna is relatively well-known, 
and some reviews are available for Peru (Mendez 1981; Moscoso 2012), the vicinity 
of the Seamounts of the Salas y Gomez ridge and Nazca Ridge (Vereshchaka 1990), 
for the circum-Antarctic waters (von Tiefenbacher 1991, 1994), and for Chile 
(Guzmán 2008). A total of 39 species of pelagic shrimps has been recorded from off 
Peru, 65 species from off Chile (Guzmán 2008), and 39 around the Seamounts of 
the Nazca Plate (Vereshchaka 1990). In total, 92 species of pelagic shrimps have 
been reported in the SEP.

New expeditions were organized recently bringing additional material. Material 
available in collections was also examined, finding species that had not been previ-
ously reported for the area. These new records are reported herein, and a new, 
updated analysis related to the pelagic shrimps in the SEP is provided.

12.2  Materials and Methods

We analyze the material deposited in the Museum Support Center of the Smithsonian 
Institutions collected during the R/V “Eltanin” expeditions to South America 
between 1961 and 1964. The material examined is reported. We also included the 
known depth range and references of interest for each species.

12.3  Results

Dendrobranchiata Bate, 1888
Family Aristeidae Wood-Mason, 1891

 1. Aristaeomorpha foliacea (Risso, 1827)

Distribution in SEP. Dome Seamount in the Salas y Gomez ridge (25°04′S, 
97°26′W), 218 to 800 m deep (Burukovsky 1990).

Family Benthesicymidae Wood-Mason in Wood-Mason and Alcok, 1891
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 2. Gennadas pasithea de Man, 1907
Distribution in SEP. Soldier Seamount of Salas y Gomez Ridge (21°41′S, 

81°46′W), 900–2000 m (Vereshchaka 1990); off Iquique (20°20′S, 71°11′W), 
540 m (Guzmán and Wicksten 2000).

 3. Gennadas barbari Vereshchaka, 1990
Distribution in SEP. Eclipse Seamount, Nazca Ridge (22°06′S, 81°19′W), 

between 230 and 2000  m; in the vicinity of the Seamounts Big (25°40′S, 
85°27′W), 160 and 2000  m, Yarala (25°40′S, 86°34′W), 370 and 2280  m, 
Amber (24°58′S, 88°31′W), 510 and 1500 m, Pearl (25°33′S, 89°12′W), 530 
and 1120  m, Cliff (25°58′S, 100°41′W), 330 and 1800  m, Ichthyologist 
(25°07′S, 99°35′W), 328 and 790 m, Salas y Gomez Ridge (Vereshchaka 1990); 
from 300 miles off Caldera Harbour (27°00′12″S, 77°34′53″W) to vicinity of 
Easter Island (27°00′12″S, 107°35′00″W), CIMAR 5 cruise (Guzmán 2004a).

 4. Gennadas brevirostris Bouvier, 1905
Distribution in SEP.  Arauco Gulf (Retamal 2000), Valparaiso to Juan 

Fernandez Archipelago (Guzmán 2004a), Gulf of Penas (46°59′34″S, 
75°40′58″W), CIMAR 14 cruise.

Remarks. New record and southernmost record for this species.
 5. Gennadas gilchristi Calman, 1925

Distribution in SEP. 90 miles off Valparaiso (32°59′S, 73°31′W) to vicinity 
of Juan Fernandez Archipelago (33°00′S, 78°4′W), off Desventuradas Islands 
(26°18′S, 80°06′W), and 300  miles off Caldera (26°00′S, 77°34′W) 
(Guzmán 2004a).

 6. Gennadas incertus (Balss, 1927)
Distribution in SEP. Off Arica (18°25′S 71°22′W), 603 m (Guzmán and 

Wicksten 2000); 300  miles off Valparaiso (33°34′S, 78°52′W), close to San 
Ambrosio (26°22′S, 79°54′W) and San Felix (26°20′S, 80°00′W) Islands. 
Caught during the CIMAR 6 cruise (Guzmán 2004a).

 7. Gennadas kempi Stebbing, 1914
Distribution in SEP.  Drake Passage (58°29′S, 65°30′W), west of Penas 

Gulf (47°14′S, 76°28′W), Eltanin USAP expedition 1962.
Remarks. First record in the Southeast Pacific. In the same expedition this 

species was caught on the Atlantic side of the Drake Passage (57°11′S, 
63°51′W); new record.

 8. Gennadas propinquus Rathbun, 1906
Distribution in SEP. Off Arica (18°25′S, 71°22′W) 603 m (Guzmán and 

Wicksten 2000). Vereshchaka (1990) report this species in the vicinity of 
Seamounts Soldier (21°41′S, 81°46′W), 960–2000  m, and Pearl (25°33′S, 
89°12′W), 530–1120 m.

 9. Gennadas scutatus Bouvier, 1906
Distribution in SEP. Off Peru (Mendez 1981); north of Chile from Arica 

(18°25′S, 71°43′W) to Punta Lobos (21°04′S, 70°51′W) (Guzmán and Wicksten 
2000); close to Desventuradas Islands (26°16′S, 80°04′W), 577 m (Guzmán 
2004a); in the vicinity of Seamounts Soldier (21°41′S, 81°46′W), 960–2000 m, 
and Eclipse (22°06′S, 81°19′W) 230 to 2000 m, and at Salas y Gomez Ridge 
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(Vereshchaka 1990); in Peruvian waters off Lobos de Tierra Island (06°35′S, 
81°03′W; 06°25′S, 81°03′W), 900–910 m deep (Moscoso 2012).

 10. Gennadas sordidus Kemp, 1910
Distribution in SEP. Probably in Peruvian waters (Moscoso 2012); North 

of Chile from Arica (18°25′S, 71°01′W), 643 m, to Iquique (20°20′S, 70°58′W), 
450 m (Guzmán and Wicksten 2000); surroundings of San Ambrosio Island 
(26°16′S, 80°04′W), 577 m (Guzmán, 2004a).

 11. Gennadas tinayrei Bouvier, 1906
Distribution in SEP. South of Peru (16°30′S, 74°34′W), 1162 m, Eltanin 

expedition USAP 1962; Seamounts Soldier (21°41′S, 81°46′W), 960–2000 m, 
and Professor Mesyatsev (21°25′S, 81°38′W), 320–1200  m, Nazca Ridge 
(Vereshchaka 1990); NE off Juan Fernandez Archipelago (33°00′S, 77°57′W; 
33°34′S, 78°52′W) and close to San Ambrosio Island (26°22′S, 79°54′W), 
CIMAR 6 cruise (Guzmán 2004a).

Remarks. First record of this species in Peruvian water, although it has been 
previously recorded from both north and south of Peru.

Family Penaeidae Rafinesque, 1815

 12. Funchalia woodwardi Johnson, 1868

Distribution in SEP. Close to “May-Day” Seamount, Salas y Gomez ridge 
(27°00′08″S, 94°05′05″W), CIMAR 5 cruise; 62 miles SE of Desventuradas 
Islands (27°00′08″S, 79°05′49″W), CIMAR 21 cruise (Guzmán and 
Escribano 2019).

Family Solenoceridae Wood-Mason and Alcock, 1891

 13. Hadropenaeus lucasii Bate, 1881

Distribution in SEP.  Salas y Gomez Ridge; Seamounts Big (25°40′S, 
85°27′W), Yarala (25°40′S, 86°34′W), Pearl (25°33′S, 89°12′W), May-Day 
(25°11′S, 94°29′W), Dome (25°04′S, 97°26′W), and Cliff (25°58′S, 100°41′W) 
(Burukovsky 1990).

 14. Haliporoides diomedeae (Faxon, 1893)

Distribution in SEP. From Mancora to 18°19′S, off Peru (Mendez 1981); 
Iquique (Retamal 1993), central to southern Chile (33–42°S) (Noziglia and 
Arana 1976; Arana et al. 2003).

 15. Hymenopenaeus halli Bruce, 1966

Distribution in SEP. Close to Ichthyologist Seamount (25°07′S, 99°35′W), 
330–800 m (Burukovsky 1990).

Remarks. Another species of Hymenopenaeus has been reported from Peru, 
but it is a benthonic species (Moscoso 2012).

Family Sergestidae Dana, 1852
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 16. Allosergestes pectinatus (Sund, 1920)

Distribution in SEP. 840 miles off Caldera, between 86°33′W and 93°97′W; 
vicinity of Easter Island (109°15′W) (Guzmán 2004a).

 17. Allosergestes pestafer (Burkenroad, 1937)

Distribution in SEP. Caldera, Chile (27°00′07″S, 71°80′05″–79°05′05″W), 
from surface to 1000 m, CIMAR 5 cruise (Guzmán 2004a); from 10 miles off 
Caldera to 190  miles SW of Desventuradas Islands, CIMAR 21 cruise; 
Seamounts Soldier and Eclipse, Nazca Ridge (21°41′S, 81°46′W; 22°06′S, 
81°19′W); Salas y Gomez Ridge, Seamounts Yarala, Amber, Pearl, Cliff, Dome, 
and Ichthyologist (Vereshchaka 1990).

 18. Deosergestes corniculus (Kroyer, 1855)

Distribution in SEP. Vicinity of Seamount Big (25°40′S, 85°27′W), Salas 
y Gomez Ridges (Vereshchaka 1990).

 19. Eusergestes arcticus (Kroyer, 1859)

Distribution in SEP. Southern Chile (41°43′18″S, 72°38′15″W); W of Rio 
Puelo (Holthuis 1852); 50–100  miles NW of Juan Fernandez Archipelago 
(32°58′S, 81°13′W; 31°45′S, 79°59′W), CIMAR 6 cruise (Guzmán 2003).

 20. Eusergestes similis (Hansen, 1903)

Distribution in SEP.  Off Constitucion (35°10′S, 74°08′W) (Guzmán 
2004a); off Papudo (32°32′56″S, 72°35′45″W).

Remarks. The material from off Papudo represents a new record.

 21. Gardinerosergia bigemmea (Burkenrad, 1940)

Distribution in SEP.  Off Caldera Harbour (27°00′07″S, 79°05′05″W), 
CIMAR 5 cruise (Guzmán 2004a).

 22. Neosergestes brevispinatus (Judkins, 1978)

Distribution in SEP.  Off Peru (11°02′S and 14°48′S) (Judkins 1978; 
Mendez 1981); off Arica to Iquique (Guzmán 1999a); Caldera Harbour 
(27°00′0″S, 70°52′48″W), and 50  miles SW of Desventuradas Islands 
(26°59′24″S, 80°34′48″W), CIMAR 22 cruise.

Remarks. The CIMAR 22 cruise records are new for this species.

 23. Neosergestes consobrinus (Milne, 1968)

Distribution in SEP. Easter Island (27°11′S, 109°15′W) (Guzmán 2004a); 
Chañaral (29°00′S, 72°00′W).

Remarks. The Chañaral material is a new record.

 24. Neosergestes orientalis Hansen, 1919

Distribution in SEP. Off Peru (6°N to 20°S), 230–2280 m (Mendez 1981); 
vicinity of Soldier and Eclipse Seamounts, Nazca Ridge (21°41′S, 81°46′W; 
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22°06′S, 81°19′W), 200–2000 m (Vereshchaka 1990); Amber Seamount, Salas 
y Gomez Ridge (24°58′S, 88°31′W), 500–1500 m (Vereshchaka 1990).

Remarks. Previously recorded in the SEP as Neosergestes geminus (Judkins, 
1978) and in the Nazca and Salas y Gomez Seamounts as N. gibbilobatus 
(Judkins, 1978) (Judkins 1978), the latter now considered a junior synonym of 
N. orientalis (Hansen, 1919).

 25. Neosergestes tantillus (Burkenroad, 1940)

Distribution in SEP. 50 miles off Iquique and 65 miles SW of Loa River 
mouth (Guzmán 1999a); 10 and 270 miles off Caldera Harbour; 190 miles west 
of Desventuradas and Easter Islands during the CIMAR 21 cruise.

 26. Parasergestes extensus (Hanamura, 1983)

Distribution in SEP.  Off Loa River mouth (21°04′S, 70°51′W), 378  m 
(Guzmán 1999a).

 27. Parasergestes halia (Faxon, 1893)

Distribution in SEP.  In the neighborhood of Soldier (21°41′S, 81°46′W) 
and Eclipse (22°06′S, 81°19′W) Seamounts of Nazca Ridge, and Seamounts of 
Salas y Gomez Ridge, Yarala (25°40′S, 86°34′S), Amber (24°58′S, 88°31′W), 
Pearl (25°33′S, 89°12′W) Cliff (25°58′S, 100°41′W), and Ichthyologist 
(25°07′S, 99°35′W), between 230 and 2200 m (Vereshchaka 1990).

 28. Parasergestes vigilax (Stimpson, 1860)

Distribution in SEP. Seamounts of Salas y Gomez Ridge, Big (25°40′S, 
85°27′W), “Yarala” (25°40′S, 86°34′S), Amber (24°58′S, 88°31′W) Pearl 
(25°33′S, 89°12′W), Cliff (25°58′S, 100°41′W), Ichthyologist (25°07′S, 
99°35′W), and Dome (25°04′S, 97°26′W), between 160 and 2200  m deep 
(Vereshchaka 1990).

 29. Petalidium foliaceum Bate, 1881

Distribution in SEP. Sub Antarctic waters (Gorny 1999); Drake Passage 
(57°11′S, 63°51′W), expedition USAP on board of RV “Eltanin,” July 1962.

Remarks. This is a new record for the southern tip of South America.

 30. Phorcosergia maxima (Burkenroad, 1940)

Distribution in SEP. 100 to 20  miles  W of Camarones River (19°09′S, 
72°00′W; 19°09′S, 70°36′W), to 30 to SW of Loa River (21°41′S, 70°31′W), 
and NW of Loa River (21°04′S, 71°11′W) (Guzmán 1999a).

 31. Phorcosergia phorca (Faxon, 1893)

Distribution in SEP. NW of Lobos de Tierra Island (06°13′S, 81°17′W) 
and off Supe (10°54′S, 81°14′W), Peru (Mendez 1981); 100 miles SW of Arica 
(19°09′S, 72°00′W) to 30 miles SW mouth of Loa River, Chile (Retamal 1993, 
Guzmán 1999a).
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 32. Scintillosergia scintillans (Burkenroad, 1940)

Distribution in SEP. 400  miles off Caldera Harbour (27°00′07″S, 
79°05′05″W) (Guzmán 2004a).

 33. Sergestes atlanticus H. Milne Edwards, 1830

Distribution in SEP. Soldier Seamount, Nazca Ridge; Big, Yarala, Amber 
and Pearl Seamounts, Salas y Gomez Ridge (Vereshchaka 1990).

 34. Sergestes cornutus Kroyer, 1855

Distribution in SEP.  Pearl (25°33′S, 89°12′W), Ichthyologist (25°07′S, 
99°35′W), and Dome (25°04′S, 97°26′W) Seamounts, Salas y Gomez Ridge 
(Vereshchaka 1990).

 35. Sergia japonica (Bate, 1881)

Distribution in SEP. off Valparaiso (33°42′ S, 78°18′ W) (Holthuis 1952; 
Vereshchaka 2000).

 36. Sergia laminata (Burkenroad, 1940)

Distribution in SEP. Soldier (21°41′S, 81°46′W) and Eclipse Seamounts 
(22°06′S, 81°19′W), Nazca Ridge; near Big (25°40′S, 85°27′W), Yarala 
(25°40′S, 86°34′S), Amber (24°58′S, 88°31′W), Pearl (25°33′S, 89°12′W), 
Communard (24°40′S, 85°28′W), Dome (25°04′S, 97°26′W), Cliff (25°58′S, 
100°41′W), and Ichthyologist (25°07′S, 99°35′W) Seamounts, Salas y Gomez 
Ridge (Vereshchaka 1990).

Pleocyemata Burkenroad, 1963
Caridea Dana, 1852
Family Pasipheidae Dana, 1852

 37. Eupasiphae gilessi (Wood-Mason, 1892)

Distribution in SEP. 67  miles NW of Pisagua, Iquique (Guzmán and 
Wicksten 1998).

 38. Glyphus marsupialis Filhol, 1884

Distribution in SEP. Off Chicama, Peru (07°56′S, 79°31′W) (Mendez 1981).
Remarks. The material deposited at the MSC (USNM 170564) that is men-

tioned by Mendez (1981), collected by E. Del Solar in February 1971, and sent 
to F.A. Chace was reviewed. It was collected at a depth of 810 m.

 39. Parasiphae sulcatifrons Smith, 1884

Distribution in SEP. 77 miles off Arica (18°25′S, 71°43′W) and 57 miles 
SW of Iquique (20°20′S, 71°11′W), Chile (Guzmán and Wicksten 1998); 
120 miles off Puerto Mal Abrigo, Peru (7°46′S, 81°30′W), 683 m, Expedition 
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USAP Cruise 3, R/V “Eltanin,” 1962; 30 miles W of Ilo (17°43′S, 71°53′W), 
Peru, 901 m.

Remarks. The specimen from W of Ilo was found among five specimens in 
one lot in the holdings of the IMARPE collection (02–000937) (coll. A. Kameya 
and Carbajal). This is the first record of P. sulcatifrons for Peru.

 40. Pasiphaea acutifrons Bate, 1888

Distribution in SEP.  Restricted to the southern tip of South America, 
Magellan Strait.

Remarks. Based on review of different collections in Peru, Chile, Argentina, 
Uruguay, and South of Brazil, we conclude that many references to this species 
are erroneous. While referring to a contribution by Del Solar and Flores (1972), 
Mendez (1981) recorded this species for Matarani, Peru (17°11′S), but this 
specimen was not reviewed in order to confirm this identification. Retamal 
(1993) record this species in Iquique, and Guzmán and Wicksten (1998) repro-
duced the same record. A new examination of this material indicated that it is a 
variation of Pasiphaea americana. In the Atlantic, P. acutifrons has also been 
recorded, but all the records north of Patagonia are erroneous. Spivak (1997) 
reported the presence of P. acutifrons in the SW Atlantic, from Uruguay to the 
Magellan region. After examining the specimens available in the collections of 
the Oceanographic Institution of the Federal University of Rio Grande do Sul, 
labelled Pasiphaea acutifrons (FURG 2672), we came to the conclusion that 
this material belongs to P. merriami Schmitt, 1931. The specimens in the Museo 
Nacional de Historia Natural of Montevideo, Uruguay, labelled P. acutifrons 
belong to P. barnardi Yaldwin, 1971, a first record for Uruguay. The specimens 
deposited in the collection of the Institute of Investigation in Fishery (INIDEP), 
labelled as P. acutifrons, belong to Pasiphaea balssi Burukovsky and Romensky, 
1987, a new record to Argentina.

 41. Pasiphaea americana Faxon, 1893

Distribution in SEP. From Mancora Bank (03°23′S, 81°01′W) to off Piura 
(05°54′S, 81°15′W), Peru (Mendez 1981); Arica (18°25′S, 71°01′W), Chile 
(Guzmán and Wicksten 1998); Seamounts Amber (24°58′S, 88°31′W) and 
Pearl (25°33′S, 89°12′W), Salas y Gomez Ridge, 530–3000 m (Vereshchaka 
1990; Burukovsky 1990).

 42. Pasiphaea barnardi Yaldwin, 1971

Distribution in SEP. Baker Channel (47°56′S, 74°29′W) to Wide Channel 
(49°58′S, 74°26′W), CIMAR 14 cruise (Guzmán 2014), and to Drake Passage, 
Chile (56°58′S, 69°08′W), 4295 to 4310 m, USAP Expedition, R/V “Eltanin,” 
cruise 5, 1962; Bellingshausen Sea (63°43′30″S, 83°02′00″W), 3660–4099 m, 
USAP Expedition Station 785, cruise 10, 1963, USARP/EL/10/785/USC, R/V 
“Eltanin.”
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Remark. The material from the Expedition USAP R/V “Eltanin,” cruise 5, 
1962, 4295–4310 m, represents a new record.

 43. Pasiphaea chacei Yaldwyn, 1962

Distribution in SEP. 80 miles W of Arica (18°25′S, 71°43′W) to 80 miles 
NW of Loa River mouth (Guzmán and Wicksten 1998); 280 miles W of Caldera 
Harbour (27°03′37″S, 76°05′28″W) to 500 miles E of Easter Island (27°04′02″S, 
100°03′56″W), about 700 m, CIMAR 5 cruise (Guzmán 2004); off San Felix 
and San Ambrosio Islands (26°20′S, 80°00′W), CIMAR 6 cruise (Guzmán 
2004); 50 miles off Valparaiso (33°11′S to 33°14′S and 72°42′W to 72°38′W), 
R/V “Eltanin,” cruise 25, sta. 303, 400–425  m; off Las Cruces (34°35′S, 
72°15′W) and 30 miles south of Constitución (35°31′S, 73°04′W), Expedition 
“Talud Continental I” (1981), Natural History National Museum of Santiago.

Remarks. Several new records are reported for this species, with the mate-
rial from S of Constitución (35°31′S, 73°04′W) representing its new southern-
most distribution limit.

 44. Pasiphaea cristata Bate, 1888

Distribution in SEP.  Seamounts Amber (24°58′S, 88°31′W) and Cliff 
(25°58′S, 100°41′W), Sala y Gomez Ridge (Vereshchaka 1990).

 45. Pasiphaea dofleini Schmitt, 1932

Distribution in SEP.  Punta Arenas, Magellan Strait, Chile (Holuthuis 
1852). W of Penas Gulf (47°14′S, 76°28′W), 732 m, USAP Expedition, cruise 
4, station 165, August 1962, R/V “Eltanin”; Taitao Peninsula, Chile (46°25′S, 
76°21′W), 1830 m, USAP Expedition, cruise 4, July 1962, R/V “Eltanin.”

 46. Pasiphaea flagellata Rathbun, 1906

Distribution in SEP. Close to Long Seamount (25°47′S, 85°17′W), Salas y 
Gomez Ridge (Burukovsky 1990).

 47. Pasiphaea kaiwiensis Rathbun, 1906

Distribution in SEP. Close to Communard Seamount (24°40′S, 85°28′W), 
Salas y Gomez Ridge (Vereshchaka 1990).

 48. Pasiphaea magna Faxon, 1893

Distribution in SEP.  Lobos de Tierra Island (06°25′S 81°00′W), Peru 
(Mendez 1981); 30  miles off Arequipa (15°56′S, 74°39′W), IMARPE 
(02–000935); 30  miles off Ilo Harbour (17°43′S, 71°53′W), IMARPE 
(02–000937); 75  miles off Iquique, Chile (Guzmán and Wicksten 1998); 
13  miles SW of Tocopilla (22°13′S, 70°23′W), Chile (Wehrtmann and 
Carvacho 1997).

Remarks. The material from the IMARPE collection represent new records.
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 49. Pasiphaea rathbunae (Stebbing, 1914)

Distribution in SEP. 93 miles NW of Diego Ramirez Island, Chile (56°07S, 
71°25′W), 983 m, Expedition USAP Cruise 5, R/V “Eltanin,” 07 November 
1962; 350 miles off SW Tierra del Fuego, Chile (59°16′S, 78°15′W), 2776 m, 
Expedition USAP, R/V “Eltanin,” cruise 10, 23 November 1963.

Remarks. These are the first records for Chile.

 50. Pasiphaea scotiae (Stebbing, 1914)

Distribution in SEP.  Drake Passage (58°29′S, 65°30′W), 2105  m, R/V 
“Eltanin,” cruise 4, 12 August 1962.

Family Oplophoridae Dana, 1852

 51. Acanthephyra brevirostris Smith, 1885

Distribution in SEP. Ecuador (Faxon 1895). One specimen collected off 
Chile during the ATACAMEX expedition to Atacama Trench (Guzmán and 
Escribano unp. data).

 52. Acanthephyra carinata Bate, 1888

Distribution in SEP. Sarmiento Channel, Patagonia, Chile (Holthuis 1852); 
off Iquique (21°04′S, 71°31′W), 374 m, 11 September 1988 (Guzmán 2004b).

 53. Acanthephyra cucullata Faxon, 1893

Distribution in SEP. Seamount Soldier, Nazca Ridge (21°41′S, 81°46′W) 
(Vereshchaka 1990).

 54. Acanthephyra curtirostris Wood-Mason, 1891

Distribution in SEP. Off Mollendo (17°05′S, 72°16′W) (Mendez 1981); off 
Chicama point (7°46′S, 81°30′W), Peru, 683 m, USAP Expedition, cruise 3, 
station. 34, 7 June 1962, R/V “Eltanin”; Chile-Peru Trench (24°S) (Retamal 
1981); 77 miles off Arica (18°25′S, 71°43′W), 18 miles off Pisagua (19°09′S, 
70°36′W), and 60  miles SW of Iquique (21°04′S, 70°51′W), 300 to 450  m 
(Guzmán 2004b).

Remarks. The material from off Chicama Point, Peru, is a new Record 
for Peru.

 55. Acanthephyra eximia Smith, 1884

Distribution in SEP.  Seamounts Dorofeeva (25°54′S, 84°22′W), Pearl 
(25°33′S, 89°12′W), and Amber (24°58′S, 88°31′W), Salas y Gomez Ridge 
(Burukovsky 1990).

 56. Acanthephyra faxoni Calman, 1939

Distribution in SEP.  Tumbes (03°48′S, 81°18′W) to SW of Mollendo 
(17°05′S, 72°16′W), 800 to 1000 m; SW Peru (Mendez 1981, Moscoso 2012); 
120 miles off Chicama (7°46′S, 81°30′W), 683 m, USAP Expedition, cruise 3, 
station 34,. 7 June 1962, R/V “Eltanin”; 56 miles SW Atico (16°30′S, 74°34′W), 
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1162  m, USAP Expedition USAP, cruise 3, station 52, 15 June 1962, R/V 
“Eltanin.”

Remarks. These records are new for Peru.

 57. Acanthephyra media Bate, 1888

Distribution in SEP. Chile-Peru Trench (Retamal 1981).
Remarks. One specimen in the holdings of the Museum of Zoology of 

Concepción University (MZUDEC31720) is badly damaged and could not be 
identified.

 58. Acanthephyra pelagica (Risso, 1816)

Distribution in SEP.  Chile-Peru Trench (Retamal 1981), 280  miles off 
Caldera and San Felix Island (Guzmán 2004b) and Chiloe (42°35′S, 74°48′W), 
PUCK-156 Expedition, R/V SONNE (Guzmán and Quiroga 2005); 43 miles 
SW of Valparaiso (33°18′S, 72°27′W to 33°10′S, 72°13′W), 1830 m; USARP 
Expedition, Eltanin R/V, cruise 9, station 743, 26 September 1963; Drake 
Passage (58°29′S, 65°30′W), 2105 m, USARP Expedition, USARP/EL/4/149A/
USC, station 149A, R/V Eltanin, cruise 4, 12 August 1962.

Remark. The material collected in the Drake Passage represents a new 
record. Acanthephyra pelagica is widely distributed in the SE Pacific, from off 
Valparaiso to Drake Passage (Wasmer 1986).

 59. Acanthephyra stylorostratis (Bate, 1888)

Distribution in SEP. Off Concepcion (95°W), Chile (Wasmer 1986).

 60. Acanthephyra trispinosa Kemp, 1939

Distribution in SEP. Off Arica (10°25′S, 70°40′W), off Iquique (20°20′S, 
71°11′W), and off Loa River (21°04′S, 71°03′W), Chile (Guzmán 2004b); 
Seamounts Soldier (21°41′S, 81°46′W) and Eclipse (22°06′S, 81°19′W), Nazca 
Ridge; Seamounts Communard (24°40′S 85°28′W), Long (25°47′S; 85°17′W), 
Yarala (25°40′S, 86°34′W), and Cliff (25°58′S, 100°41′W), Salas y Gomez 
Ridges (Vereshchaka 1990).

 61. Ephyrina hoskynii Wood-Mason, 1891

Distribution in SEP. Chile-Peru trench (Retamal 1981).
Remarks. The material of the Retamal (1981) report is no longer available 

in the Museum of Zoology, Concepción University.

 62. Ephyrina ombango Crosnier and Forest, 1973

Distribution in SEP. 123  miles off Chicama, Peru (7°46′S, 81°30′W), 
683  m, USAP cruise 3, Station 34, R/V Eltanin, 7 June 1962, off Iquique 
(21°04′S, 71°31′W) (Guzmán 2004b); Seamount Soldier (21°41′S, 81°46′W), 
Nazca Ridge (Vereshchaka 1990).

Remarks. The record from off Chicama is the first for Peru.
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 63. Hymenodora glacialis (Buchholz, 1874)

Distribution in SEP. Sub-Antarctic (Chace 1986; Wasmer 1986; Hendrickx 
and Estrada-Navarrete 1989); 415  miles E of Easter Island (26°59′54″S, 
101°36″3″W), CIMAR cruise 21; 50 miles W Caldera Harbour (27°00′00″S, 
71°46′12″W), off San Felix Island (26°18′00″S, 80°15′00″W), 100 miles N of 
Juan Fernandez Archipelago (31°48′00″S, 80°00′00″W), and 240  miles off 
Valparaiso (33°24′00″S, 76°30′00″W), CIMAR cruise 22 (Guzmán and 
Escribano unp. data).

 64. Hymenodora gracilis Smith, 1889

Distribution in SEP. Widely distributed in the Southeast Pacific off Chile, 
from Valparaiso to Drake Passage (Chace 1986; Wasmer 1986).

 65. Meningodora mollis Smith, 1882

Distribution in SEP. Seamount Soldier (21°41′S, 81°46′W), Nazca Ridge 
(Vereshchaka 1990).

 66. Notostomus elegans A. Milne-Edwards, 1881

Distribution in SEP. NW Lobos de Tierra Island (06°13′S, 81°17′W), Peru 
(Mendez 1981); 123 miles W off Chicama, Peru (7°46′S, 81°30′W), 683 m, 
USAP Expedition USAP, cruise 3, station 34, R/V “Eltanin,” 7 June 1962; off 
Valparaiso, Chile (33°11′S, 72°40′W) (Wasmer 1986); Seamount Soldier 
(21°41′S, 81°46′W), Nazca Ridge (Vereshchaka 1990).

Remark. These are new records for Peru.

 67. Oplophorus gracilirostris A. Milne-Edwards, 1881

Distribution in SEP. Seamount Pearl (25°33′S, 89°12′W), Salas y Gomez 
ridge (Vereshchaka 1990).

 68. Oplophorus novaezeelandiae de Man, 1931

Distribution in SEP. Off Chile, from 33° to 40°S (Wasmer 1986); from 
Juan Fernandez Archipelago (33°20′S, 78°53′W) to San Felix and San 
Ambrosio Islands (26°10′S, 80°00′W), CIMAR cruise 6 (Guzmán 2004b).

 69. Oplophorus spinosus (Brulle, 1839)

Distribution in SEP. 140 miles of Caldera (27°00′52″S, 73°37′26″W) to 
Easter Island and Salas y Gomez Island (Guzmán 2004b); Seamounts Soldier 
and Eclipse, Nazca Ridge, and Seamounts Communard, Yarala, Pearl, Amber, 
Dome, and Cliff, Salas y Gomez Ridge (Vereshchaka 1990; Burukovsky 1990).

 70. Systellaspis braueri Crosnier, 1987

Distribution in SEP. 45  miles off Iquique (20°20′S, 70°58′W), 450  m 
(Guzmán 2004); 100  miles off Tierra del Fuego (55°22′S, 74°43′W), Chile 
(Wasmer 1986).
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 71. Systellaspis cristata (Faxon, 1893)

Distribution in SEP. NW of Isla Lobos de Tierra Island (6°13′S, 81°17′W), 
120 miles off Chicama (7°46′S, 81°30′W), 683 m, USAP Expedition, cruise 3, 
station 34, 7 June 1962, R/V “Eltanin”; Chile-Peru Trench (Retamal 1981); 
60 miles W off Iquique and 40 miles W off Punta Lobos (21°04′S, 70°51′W), 
Iquique (Guzmán 2004).

 72. Systellaspis debilis (A. Milne-Edwards, 1881)

Distribution in SEP.  Cliff Seamount, Salas y Gomez Ridge (25°58′S, 
100°41′W) (Vereshchaka 1990).

 73. Systellaspis eltanini Wasmer, 1986

Distribution in SEP. 34  miles off Valparaiso (33°18′S, 72°21′W) and 
200 miles SW of Tierra del Fuego, Chile (57°52′S, 74°43′W) (Wasmer 1986).

Family Pandalidae Haworth, 1825

 74. Plesionika martia (A. Milne-Edwards, 1883)

Distribution in SEP.  Seamounts Amber (24°58′S, 88°31′W), Dome 
(25°04′S, 97°26′W), and Ichthyologist (25°07′S, 99°35′W) of Salas y Gomez 
Ridge (Burukovsky 1990).

 75. Plesionika sanctaecatalinae Wicksten, 1983

Distribution in SEP. 12° to 18°S off Peru (Wicksten 1983); off Patache 
Point (20°46′S, 70°34′W), Iquique, and off Chipana Bay (21°19′S, 70°26′W), 
Chile (Retamal 1995); from Arica (18°25′S, 70°40′W) to off Loa River mouth 
(21°41′S, 70°31′W).

Remarks. The material from off Arica and the Loa River mouth represents 
new records for Chile.

 76. Plesionika trispinus Squires & Barragan, 1976

Distribution in SEP.  Mancora Bank (3°35′S); off Paita (5°04′S), Aguja 
Point (5°54′S), N of Lobos de Tierra Island (6°23′S), and off Salaberry (8°11′S), 
Peru (Mendez 1981).

 77. Stylopandalus richardi (Coutière, 1905)

Distribution in SEP. Off Caldera Harbour to Easter Island, Chile (Guzmán 
and Rivera 2002).

Family Physetocarididae Chace, 1940

 78. Physetocaris microphthalma Chace, 1940

Distribution in SEP. Mid SW Pacific (37°06′S, 92°20′W; 38°31′S95°20′W) 
(Wasmer 1984); off Arica (18°25′S, 71°43′W), Chile (Guzmán 1999).
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12.4  Discussion

A total of 78 species were registered in this work, 36 of which belong to the 
Dendrobranchiata and 42 to the Pleocyemata. We reported on many new specific 
data, new records, and actualization of taxonomic status. Of these 78 species, 43 are 
associated with the Seamounts of the Salas y Gomez Ridge. Many records refer to 
a single sample in which the species was collected. The high geographic dispersion 
of data is a problem when efforts are made to try to analyze the biogeographical 
connections of this group of species. Some species have a very wide geographical 
distribution range, as in the case of Acanthephyra pelagica that was found repeat-
edly during different surveys. The opposite occurred with species considered rare, 
for example, Physetocaris microphthalma and Glyphus marsupialis, both collected 
in some very distant localities and in few numbers.

Some species reported herein for the Southeastern Pacific have been collected 
in localities in the Arabian Sea and the Bay of Bengal, thus showing a very wide 
biogeographical pattern which is difficult to explain from a taxonomic viewpoint. 
Ephyrina hoskini was reported by Retamal (1981) in Chilean waters, but there is no 
complementary information on its morphology, and no specimens are available in 
collections for a detailed revision of their taxonomic status. The record of 
Acanthephyra media is yet another case, but unlike the previous case, the specimen 
is available in the collection of the Museo de Zoologia of the Concepción University, 
but it is severely damaged, and a reliable identification is therefore impossible.

In some cases the records are unique due to the scarcity of sampling or because 
of very low abundance. Ten species have been registered in one opportunity only. 
Aristeomorpha foliacea, for example, has been recorded only near the Dome 
Seamount (Burukovsky 1990). The same situation occur with Pasiphaea flagellata, 
P. kaiwiensis (Burukovsky 1990), Acanthephyra cucullata (Vereshchaka 1990), 
A. stylorostratis (Wasmer 1986), and Physetocaris microphthalma (Guzmán 1999), 
among others. Physetocaris microphthalma is another species with only one record 
and one specimen. These records have been repeatedly published in checklist, bio-
geographic studies, and review, giving the false idea that they are common or 
abundant.

Considering our current knowledge, the distribution of species in the southeast 
Pacific seems to indicate a clear influence of the Seamounts in the Nazca and Salas 
y Gomez Ridges on the diversity of pelagic shrimps. The main information related 
to this environment originated from the Russian expeditions published in 1990 
(Mironov and Rudjakov 1990). Here we included the results of the Chilean efforts 
associated with a series of Research Cruises, the CIMAR cruises, during which 
samples were taken near these Seamounts. A total of 43 species were registered in 
these habitats, 17 of which have exclusively been recorded near of Seamounts of 
these ridges (Guzmán 2008). The major diversity is associated with Soldier and 
Amber Seamounts, with 19 and 18 species, respectively. This number is relatively 
similar to those observed in other Seamounts habitats. In the south and the north 
mid-Atlantic ridge, 34 and 47 species of pelagic shrimps have been reported, 
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respectively (Cardoso et al. 2014). Our results seem to coincide with the observa-
tions of Letessier et al. (2017) who refer to the Seamounts environment as “oasis” 
in the middle of the Southeast Pacific.

In a latitudinal sense, the influence of the oceanographic conditions prevailing in 
the southeast Pacific has a strong impact on the biogeographical patterns observed 
in this section of the Pacific Ocean (Brattstrom and Johanssen 1983; Thiel et al. 
2007). The distribution of pelagic shrimps observed in this contribution shows a 
relative concordance with the proposal of different authors (see Camus 2001). More 
information is needed, however, in order to confirm our observations, including the 
validation of some taxonomic identifications and additional records to verify the 
distributions.
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Chapter 13
Deep-Sea Lobsters (Polychelidae 
and Nephropidae) from the Continental 
Slope of the Southern Gulf of Mexico: 
Distribution and Morphometric 
Relationships

P. Briones-Fourzán, E. Lozano-Álvarez, A. R. Vázquez- Bader, and A. Gracia

Abstract Information on biodiversity from the continental slope of the southern 
half of the Gulf of Mexico is scarce. Deep-sea lobsters were collected from depths 
of 300–1090  m (upper continental slope) in all sectors of the southern Gulf of 
Mexico during several research cruises aimed to survey the benthic biodiversity 
from this slope. Individuals were sexed, and their carapace length (CL, mm), total 
length (TL, mm), and weight (W, g) were measured. In all, 3343 lobsters were col-
lected from nine species, four of the family Polychelidae (from more to less abun-
dant: Stereomastis sculpta, Polycheles perarmatus, P. typhlops, Cardus crucifer) 
and five of the family Nephropidae (Nephropsis aculeata, N. rosea, Acanthacaris 
caeca, N. neglecta, Thaumastocheles zaleucus). Multivariate analyses revealed dif-
ferences in the lobster assemblage among 200-m depth strata, mostly due to the 
depth distribution of the two most abundant species: N. aculeata between 300 and 
500 m and S. sculpta below 700 m. Within families, the median size varied signifi-
cantly with species. In species with sufficient specimens, length-length and length- 
weight relationships were compared between sexes and tested for departure from 
isometry. This information is useful for comparing life history traits of individual 
species between regions and the relative condition of local populations within meta-
populations. Deep-sea fisheries are currently nonexistent in the southern Gulf of 
Mexico and may be particularly difficult to develop over its generally rugged 

P. Briones-Fourzán (*) · E. Lozano-Álvarez 
Universidad Nacional Autónoma de México, Instituto de Ciencias del Mar y Limnología, 
Unidad Académica de Sistemas Arrecifales, Puerto Morelos, Quintana Roo, Mexico
e-mail: briones@cmarl.unam.mx 

A. R. Vázquez-Bader · A. Gracia 
Universidad Nacional Autónoma de México, Instituto de Ciencias del Mar y Limnología, 
Unidad Académica de Biodiversidad y Ecología Marina, Ciudad de México, Mexico

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-58410-8_13&domain=pdf
https://doi.org/10.1007/978-3-030-58410-8_13#DOI
mailto:briones@cmarl.unam.mx


312

continental slope. Therefore, this area may be conserved as a spatial refugium for 
local populations of these deep-sea lobsters.

Keywords Allometry · Distribution · Megacrustaceans · Morphometric 
relationships · Nephropidae · Polychelidae · Southern Gulf of Mexico

13.1  Introduction

Lobsters are a diverse group of decapod crustaceans that have representatives in 
four infraorders of the suborder Pleocyemata, two of which contain exclusively 
deep-water species (Glypheidea, Polychelida), and the other two contain both shal-
low and deep-water species (Astacidea, Achelata) (Chan 2010). There is plenty of 
biological information on shallow-water lobster species, many of which are eco-
nomically important, but information on deep-water species is more scant. In some 
areas, the small number of scientific cruises studying the deep-sea megafauna and 
the small samples usually obtained in those cruises limit the amount of knowledge 
of the population biology and ecology of the local species (Abelló and Cartes 1992; 
Cabiddu et al. 2008). One such area is the continental slope of the Mexican portion 
of the Gulf of Mexico.

Wicksten and Packard (2005) divided the upper continental slope (200–1500 m 
in depth) of the entire Gulf of Mexico into seven polygons based on bottom topog-
raphy and examined the diversity of deep-water decapod crustaceans in each poly-
gon. However, the continental slope of northern Yucatan was not included in any 
polygon because data on decapod crustaceans from this steep escarpment were not 
available at the time (Wicksten and Packard 2005, p. 1748). More recently, Lozano- 
Álvarez et al. (2007), Escobar-Briones et al. (2008), Briones-Fourzán et al. (2010), 
Gracia et al. (2010), and Vázquez-Bader and Gracia (2013, 2016) have reported on 
the composition and abundance of several groups of benthic megacrustaceans from 
the upper continental slope of the southern Gulf of Mexico.

Deep-sea lobsters in the Gulf of Mexico include several species in the families 
Polychelidae (Polychelida) and Nephropidae (Astacidea). Polychelids are known as 
deep-sea blind lobsters because all extant forms live in deep water and have strongly 
reduced eyes (Ahyong 2009). Polychelids are distinguished among reptant deca-
pods by the possession of chelae on pereopods l–4 and sometimes pereopod 5. In 
nephropids, pereopods 1–3 are chelate; pereopod 4 is never chelate, and pereopod 5 
is chelate only in the genera Thaumastocheles and Thausmastochelopsis (Wahle 
et al. 2012). Previous studies on polychelids and nephropids of the Gulf of Mexico 
have been mostly taxonomic, with a few including some ecological notes (e.g., Firth 
Jr and Pequegnat 1971; Holthuis 1974), but there is little information on size distri-
bution, morphometric relationships, and allometry in any one species. This informa-
tion, in particular length-weight relationships, is useful for comparing life history 
traits of individual species between regions and the relative condition of local 
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populations within metapopulations (Färber-Lorda 1994; Anger and Moreira 1998; 
Hendrickx 2003a; Lozano-Álvarez et  al. 2007). Morphometric relationships also 
allow testing the relationship between two variables and predicting the value of one 
(e.g., weight) from the other (e.g., length) (Robinson et al. 2010), whereas allometry 
is useful to examine how one variable scales with another (Warton et  al., 2006; 
Martínez-Calderón et al. 2018). In the present study, we examined the horizontal 
and vertical distribution, morphometric relationships, and allometry of deep-sea 
lobsters of the families Nephropidae (Astacidea) and Polychelidae (Polychelida) 
from the upper slope of the southern half of the Gulf of Mexico.

13.2  Materials and Methods

13.2.1  Study Area

The upper continental slope (300–1100 m in depth) of the Mexican (Southern) por-
tion of the Gulf of Mexico encompasses, from northwest to southeast, the physio-
graphic provinces known as the Mexican Slope and Mexican Ridges (along the state 
of Tamaulipas and Veracruz), the Tabasco-Campeche Knolls (from southern 
Veracruz to Tabasco), the Campeche Escarpment, and the East Campeche Slope 
(around the Yucatan peninsula) (Fig. 13.1) (Bergantino 1971). The latter two prov-
inces form a steep escarpment with a highly complex topography, particularly to the 
west and north of the peninsula (Uchupi 1975; Wicksten and Packard 2005). North 
of the Mexico-USA border, terrigenous sediments dominate due to the influence of 
the Río Grande, Mississippi, and other rivers, but south of the border, the carbonate 
content of the sediment gradually increases. The Yucatan–Campeche shelf is domi-
nated by carbonates, many of which are derived from reefs (Balsam and Beeson 
2003). More recently, the Gulf of Mexico has been divided for practical reasons into 
four quadrants of approximately equal areas, with the 90°W meridian dividing the 
Gulf into western and eastern halves, and the 25°N parallel dividing the Gulf into 
northern and southern halves. Each quadrant was further divided into two sectors, 
resulting in eight sectors that could be used to report species with detailed distribu-
tion within the Gulf (Felder and Camp 2009; Ellis et al. 2011). The Mexican portion 
of the Gulf of Mexico, from the Mexico-USA border to the Mexican Caribbean Sea, 
is contained in five of these sectors (WNW, WSW, SSW, SSE, ESE) (Fig. 13.1).

13.2.2  Lobster Collection

The deep-sea lobsters examined in this study were collected during a series of 21 
research cruises of the R/V Justo Sierra (National Autonomous University of 
Mexico) aimed to survey the benthic communities from the upper continental slope 
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(300–1100 m in depth) of the Mexican (Southern) Gulf of Mexico. The research 
cruises were BATO (May 1999), BIOREPES (August 2005), BIOREPES 2 (May–
June 2007), BIOREPES 3 (November 2008), COBERPES (August 2009), SIGSBEE 
9 (August 2005), COBERPES 2011 (April 2011), COBERPES 3 (November 2011), 
COBERPES 4 (August 2012), COBERPES 5 (May 2012), COBERPES 6 (August 
2014), COBERPES 7 (April 2016), COBERPES 8 (October 2016), COBERPES 9 
(July–August 2017), SOGOM (June 2015), SOGOM 2 (September 2016), SOGOM 
3 (May 2017), and SOGOM 4 (September 2018). A few lobsters were also collected 
during three previous cruises [PROIBE-IV (October 1985), ARCOMM (August 
1986), and TUPICC-III (August 1989)] in which only a few stations deeper than 
200 m were sampled. Most specimens were caught with bottom trawl nets (18 m 
mouth aperture, 4.5 cm stretched mesh, 1.5 cm stretched mesh cod-end). Each tow 
lasted 30 min at a speed of 2.5–3.0 knots (see Lozano-Álvarez et al. 2007, Gracia 
et al. 2010). A few specimens were collected in baited traps or with a benthic skim-
mer (see Barradas-Ortiz et al. 2003).

Nephropids were identified following Holthuis (1974, 1991) and polychelids fol-
lowing Galil (2000) and Ahyong (2009). Individuals were sexed by observation of 
dimorphic characters. Carapace length (CL, mm) was measured as the shortest dis-
tance from the rear margin of the eye orbit to the median posterior edge of the cara-
pace and total body length (TL, mm) from the rear margin of the eye orbit to the 
distal edge of the telson. All linear measurements were taken to the nearest 0.1 mm 

Fig. 13.1 Map of the Gulf of Mexico, showing the eight sectors into which it was divided for 
practical reasons (see Felder and Camp 2009)
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with a Vernier caliper. Total weight (W) was measured to the nearest 0.1 g after blot-
ting excess moisture.

13.2.3  Statistical Analyses

13.2.3.1  Horizontal and Bathymetric Distribution

The distribution of deep-sea lobster species within the Gulf of Mexico was exam-
ined based on the sectors proposed by Felder and Camp (2009), as well as on the 
physiographic provinces of Bergantino (1971). The bathymetric distribution was 
compared among species within families with a Kruskal-Wallis nonparametric 
ANOVA (Zar 1999), based on the depth at which each specimen was caught.

Multivariate analyses were used to examine the composition of the deep-sea lob-
ster assemblage among sampling stations grouped by Gulf sector, by depth strata 
(separated by 100 m or 200 m), and by a combination of sector × depth stratum. 
Data from the three cruises conducted in the 1980s were not included in this analy-
sis. Differences in the taxonomic composition of samples thus categorized were 
analyzed with nonmetric multidimensional scaling (nMDS) on fourth-root trans-
formed abundance data, using the Bray-Curtis similarity measure (Clarke 1993). 
For each analysis, the statistical significance of the observed differences in lobster 
assemblages was further tested with a one-way analysis of similarity (ANOSIM), 
which provides an R-value indicative of the degree of difference between samples. 
R values close to 0 are indicative of little difference, whereas values close to 1 are 
indicative of a large difference in sample composition (Clarke and Warwick 2001). 
Finally, we did a similarity percentage analysis (SIMPER, Clarke 1993) to identify 
those species responsible for the observed differences in assemblage composition 
between group categories. The multivariate analyses were done with the software 
PRIMER v.6 (Clarke and Gorley 2006).

13.2.3.2  Morphometric Relationships and Allometry

CL was compared among species and sexes within each family with a Kruskal- 
Wallis nonparametric ANOVA, followed by a pairwise median comparison test (Zar 
1999). Size distribution plots were constructed, and morphometric relationships and 
tests for allometry were performed only for those species with sufficiently large 
sample sizes. Ordinary least squares regression (OLR) was used to examine mor-
phometric relationships (Warton et al. 2006). In lobsters, CL can be measured with 
less error than TL because the carapace is rigid, whereas the abdomen is flexible; 
therefore, TL and W were regressed against CL. However, W was also regressed 
against TL to facilitate comparisons with other works. Individuals that were dam-
aged upon collection or lacked any of the measurements were not used to derive 
morphometric equations. For each relationship, the slopes of regressions were 
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compared between sexes with Student’s t-tests; if the slopes did not differ signifi-
cantly, the elevations were compared (Zar 1999). Statistical results were considered 
significant if p < 0.05.

We used the log-transformed data of all dimensions to test for allometry, which 
involves testing if the slope equals a specific value (i.e., isometry: b = 1 for length- 
length relationships and b = 3 for length-weight relationships) (Hartnoll 1982). The 
appropriate method to estimate slopes for this purpose is the reduced major axis 
regression (RMA, also known as standardized major axis regression) (Warton et al. 
2006). Slopes from these regressions were tested for departures from isometry 
based on their confidence intervals, i.e., if the confidence interval of the slope cov-
ered the hypothesized parameter value (b = 1 or b = 3, depending on the type of 
relationship), it was indicative of isometry. If the entire confidence interval was 
below the hypothesized parameter value, it was indicative of negative allometry, and 
if it was entirely above the hypothesized parameter value, it was indicative of posi-
tive allometry. All regressions were done with PAST v.3.26b (Hammer et al. 2001).

13.2.3.3  Relationships Between Lobster Size and Depth

In some studies (e.g., Firth Jr and Pequegnat 1971; Abelló and Cartes 1992), it was 
suggested that reproductively mature polychelid females perform upslope migra-
tions to release their eggs, but in others (e.g., Wenner 1979), no evidence of this type 
of migration was found. Furthermore, Sardà and Cartes (1993) found that in some 
deep-sea crustaceans (including P. typhlops) of the western Mediterranean, size of 
individuals tended to decrease with increasing depths, whereas in others, it tended 
to increase, and in others, it showed no trend. Therefore, we used OLRs to test for a 
potential relationship between depth and size (CL) of lobsters of each species by sex.

13.3  Results

In total, 3343 deep-sea lobsters were caught in 318 sampling stations during the 21 
cruises. Of the total catch, 2034 lobsters (60.8%) were Polychelidae, and 1309 
(39.2%) were Nephropidae. Within Polychelidae, there were four species in three 
genera. The most abundant polychelid was Stereomastis sculpta (Smith, 1880) with 
1265 individuals (62.2% of the total catch of polychelids), followed by Polycheles 
perarmatus Holthuis, 1952 with 614 individuals (30.2%), Polycheles typhlops 
Heller, 1862 with 150 individuals (7.4%), and Cardus crucifer (Thomson, 1873) 
with only five individuals (0.25%) (Fig. 13.2). Within the Nephropidae, there were 
five species in three genera: Nephropsis aculeata Smith, 1881, which was the most 
abundant with 877 individuals (67% of the total catch of nephropids), followed by 
Nephropsis rosea Bate, 1888 with 337 individuals (10.1%), Acanthacaris caeca 
(A.  Milne-Edwards, 1881) with 87 individuals (2.6%), Nephropsis neglecta 
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Holthuis, 1974 with six individuals (0.18%) (Fig.  13.3), and Thaumastocheles 
zaleucus (Thomson, 1873) with only two individuals (0.15%).

13.3.1  Horizontal and Bathymetric Distribution

Within the Polychelidae, S. sculpta and P. typhlops were broadly distributed, occur-
ring in all five sectors of the Mexican portion of the Gulf of Mexico (Fig. 13.4). 
P. perarmatus occurred in the WNW, WSW, and SSW sectors (corresponding to the 
Mexican Slope, Mexican Ridges, and Tabasco-Campeche Knolls provinces), but 
not in the SSE or ESE sectors (Campeche Escarpment and East Campeche Slope 
provinces). In contrast, C. crucifer only occurred in the SSE and ESE sectors 
(Fig. 13.4). Within the Nephropidae, N. aculeata, N. rosea, and A. caeca occurred 
in all five sectors, whereas N. neglecta was collected in the SSE and ESE sectors. Of 
the two specimens of the rare species T. zaleucus, one was collected in the SSE sec-
tor and another one in the SSW sectors, both on the Campeche Escarpment 
(Fig. 13.5).

Fig. 13.2 Species of 
Polychelidae collected in 
the southern Gulf of 
Mexico. (a) Stereomastis 
sculpta, (b) Cardus 
crucifer, (c) Polycheles 
typhlops, and (d) 
P. perarmatus. (a), (b), and 
(c) are fresh specimens; 
scales are in centimeters. 
(d) is fixed specimen

13 Deep-Sea Lobsters from the Continental Slope of the Southern Gulf of Mexico



318

A summary of the bathymetric distribution of each lobster species is provided 
(Table 13.1). In Polychelids, the depth distribution differed significantly among spe-
cies (Kruskall-Wallis test, H = 1388, df = 3, N = 2034, p < 0.0001) (Fig. 13.6a), with 
the median depths at which these species occurred forming three groups. One group 
consisted of P. perarmatus, which occurred at the shallowest median depth; the 
second group consisted of P. typhlops, with an intermediate median depth, and the 
third group included C. crucifer and S. sculpta, with a deeper, but similar, median 
depth. The bathymetric distribution of Nephropids also differed significantly with 
species (H = 731.2, df = 4, N = 1309, p < 0.0001) (Fig. 13.6b), which formed three 
groups of medians as well. N. aculeata formed one group with the shallowest 
median depth, followed by N rosea and A. caeca, which formed a second group with 
similar intermediate depths. The third group encompassed N. neglecta and T. zaleu-
cus, which appeared to have a similar bathymetric distribution, although the small 
number of individuals of both species renders this result uncertain.

Of all the multivariate analyses conducted on horizontal and bathymetric distri-
bution of lobster assemblages grouped by Gulf sector, depth strata, or a combination 
of sector and strata, only the categorization by 200-m depth strata yielded signifi-
cant results. The lobster assemblage differed significantly between the 300–499 m 
(shallow), 500–699 m (intermediate), and >700 m (deep) depth strata (Fig. 13.7), 

Fig. 13.3 Four of the five 
species of Nephropidae 
collected in the southern 
Gulf of Mexico. (a) 
Acanthacaris caeca, (b) 
Nephropsis neglecta, (c) 
N. aculeata, and (d) 
N. rosea. (a) and (d) are 
fresh specimens; scale in 
(d) is in centimeters. (b) 
and (c) are fixed specimens

P. Briones-Fourzán et al.
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Fig. 13.4 Distribution of species of Polychelidae collected in the southern Gulf of Mexico. (a) 
Polycheles typhlops and Cardus crucifer, (b) P. perarmatus, (c) Stereomastis sculpta

13 Deep-Sea Lobsters from the Continental Slope of the Southern Gulf of Mexico
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Fig. 13.5 Distribution of species of Nephropidae collected in the southern Gulf of Mexico. (a) 
Nephropsis aculeata, (b) N. rosea and N. neglecta, (c) Acanthacaris caeca and Thaumastocheles 
zaleucus

P. Briones-Fourzán et al.
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with virtually no overlap between the shallow and deep strata, but with much over-
lap between the intermediate stratum and the other two depth strata. This was con-
firmed by ANOSIM, which yielded an overall R = 0.517, but in pairwise comparisons, 
the R value was much higher (i.e., indicating greater dissimilarity) between the 
shallow and deep strata (R = 0.867), than between the shallow and intermediate 
strata (R = 0.275) or between the intermediate and deep strata (R = 0.396).

Results of SIMPER showed a higher average similarity among sampling stations 
at the deep stratum (64%) than among sampling stations at the shallow (53.5%) or 
intermediate strata (30%). A cumulative similarity of ~90% among sampling sta-
tions was accounted for by five species in the intermediate stratum (N. rosea, 
N. aculeata, A. caeca, S. sculpta, and P. typhlops) but only by two species in the 
shallow stratum (N. aculeata and P. perarmatus) and by a single species in the deep 
stratum (S. sculpta). Average dissimilarity was far greater between the shallow and 
deep strata (98.7%), driven mainly by S. sculpta and N. aculeata, than between the 
other pairwise comparisons of strata (shallow vs. intermediate: 76%; intermediate 
vs deep: 78%).

13.3.2  Size Distribution and Morphometric Relationships

A summary of CL statistics for each species by sex is provided (Table 13.2). Three 
polychelid species had sufficient data for morphometric analyses: P. typhlops (size 
range: 14.2–56.3  mm CL), P. perarmatus (14.8–66.2  mm CL), and S. sculpta 
(16.5–70.4 mm CL). In all cases, females reached larger sizes than males (Fig. 13.8). 
Sufficient data were also available for three nephropid species: N. aculeata 

Table 13.1 Summary of depth (m) statistics for four species of Polychelidae (Polycheles 
perarmatus, P. typhlops, Stereomastis sculpta, and Cardus crucifer) and five species of Nephropidae 
(Nephropsis aculeata, N. rosea, Acanthacaris caeca, N. neglecta, and Thaumastocheles zaleucus) 
collected on the upper continental slope throughout the southern Gulf of Mexico. As for T. zaleucus 
only two individuals were caught, only the minimum and maximum depths are given

Polychelidae Nephropidae
P. 
perarm.

P. 
typhlops

S. 
sculpta

C. 
crucifer

N. 
aculeata

N. 
rosea

A. 
caeca

N. 
neglecta

T. 
zaleucus

N 614 149 1247 5 878 338 86 6 2
Min 308 392 401 585 305 314 498 539 828
Max 617 971 1148 953 761 971 1090 1024 971
Mean 437 599 768 739 445 644 621 831
SD 49 77 112 140 88 101 85 167
Median 409 616 765 755 442 615 609 826
25 
percentile

401 585 696 615 352 578 568 743

75 
percentile

489 647 813 854 522 703 647 976
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Fig. 13.6 Box plot of the bathymetric distribution of (a) polychelid [Polycheles typhlops (P. typ), 
P. perarmatus (P. per) and Stereomastis sculpta (S. scu)] and (b) nephropid species [Nephropsis 
aculeata (N. acu), N. rosea (N. ros) and Acanthacaris caeca (A. cae)]. The black line in each box 
is the median, the “notches” are the confidence interval for median, the boxes define the hinge 
(25% and 75% quartiles), and the line is 1.5 times the hinge. Outliers (points outside the interval) 
are represented as dots, and extreme outliers as asterisks. In each panel, different letters denote 
significantly different medians
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(8.9–42.2 mm CL), N. rosea (11.2–50.2 mm CL), and A. caeca (14.8–121.3 mm 
CL). In these species, males typically reached larger sizes than females (Fig. 13.9).

A comparison of the median size of males and females among the three species 
of polychelids revealed significant differences (H = 369, df = 5, p < 0.0001). Males 
of P. typhlops had the smallest median size, followed by a group conformed by 
females of P. typhlops, males of P. perarmatus, and males of S. sculpta. The largest 
median sizes corresponded to females of P. perarmatus and females of S. sculpta 
(Fig. 13.10a). In nephropids, the median size also varied significantly with species 
(H = 196, df = 5, p < 0.0001). The group with the smallest median sizes included 
males and females of N. aculeata and females of N. rosea. Males of N. rosea formed 
an intermediate size group, whereas males and females of A. caeca had the largest 
median sizes (Fig. 13.10b).

In polychelid species, there was variation in the similarity of slopes of morpho-
metric relationships between males and females. In P. typhlops, the CL vs TL slope 
differed significantly with sex, but this was not the case for either the slopes or the 
intercepts of both length-weight relationships (Table 13.3). In P. perarmatus, by 
contrast, the slope of the Ln W vs Ln TL relationship varied with sex; the CL vs TL 
slope and intercept did not vary with sex, and the Ln W vs Ln CL slope did not vary 
with sex, but the intercept did. Finally, the slopes of all three relationships differed 
significantly between sexes in S. sculpta (Table 13.3).

Nephropids also showed variation in the similarity of slopes of morphometric 
relationships between males and females (Table 13.4). In N. aculeata, only the CL 
vs TL slopes differed significantly between sexes, but neither the slopes nor the 
intercepts of the two length-weight relationships did. In N. rosea and A. caeca, there 

Fig. 13.7 Nonmetric multidimensional (nMDS) ordination of lobster assemblage structure in 
samples from three depth strata: 300–499 m (gray open triangles), 500–699 m (red open squares), 
and ≥700 m (blue open circles) throughout the southern Gulf of Mexico, based on species abun-
dances. Each symbol denotes a sampling station
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was no effect of sex on either the slopes or intercepts of the CL vs TL and Ln CL vs 
Ln W relationships, but the Ln TL vs Ln W slopes differed significantly between 
males and females (Table 13.4).

13.3.3  Tests of Allometry

Tests of allometry for both length-weight relationships revealed a positive allometry 
in both sexes of all three polychelid species (Table 13.5), but there was more intra- 
and interspecific variation in the Ln CL vs. Ln TL relationship. In P. typhlops, males 
showed positive allometry in this relationship, which did not depart from isometry 
in females. Both sexes of P. perarmatus showed isometry in this relationship, 
whereas in S. sculpta, females showed negative allometry, and males showed posi-
tive allometry (Table 13.5).

Allometry in the three relationships varied broadly among nephropid species 
(Table 13.6). Both sexes of N. aculeata showed positive allometry in the Ln CL vs 
Ln TL and the Ln CL vs Ln W relationships but isometry in the slopes of the Ln TL 
vs Ln W relationships. In N. rosea, both sexes showed isometry in the Ln CL vs Ln 
TL relationship and positive allometry in the Ln CL vs Ln W relationship, whereas 

Table 13.2 Summary of size statistics (carapace length, mm) for females and males of three 
species of Polychelidae (Polycheles perarmatus, P. typhlops, and Stereomastis sculpta) and three 
species of Nephropidae (Nephropsis aculeata, N. rosea, and Acanthacaris caeca) collected from 
the upper continental slope throughout the southern Gulf of Mexico

Polychelidae Nephropidae
P. perarm. P. typhlops S. sculpta N. aculeata N. rosea A. caeca

Females

N 292 58 695 383 139 50
Min 14.8 17.5 16.5 8.9 11.2 15.4
Max 66.2 56.3 75.8 42.4 49.9 97.0
Mean 46.9 36.2 46.3 25.4 26.8 57.7
SD 10.2 10.8 11.9 6.1 8.6 23.0
Median 47.7 36.1 48.1 25.0 25.6 58.7
25 percentile 41.1 27.1 36.4 21.6 20.3 36.3
75 percentile 54.8 45.6 55.5 29.6 33.6 78.4
Males

N 320 86 517 477 197 33
Min 17.7 14.2 17.7 10.3 12.6 14.8
Max 53.9 46.6 60.4 36.9 50.2 121.3
Mean 40.5 31.0 37.7 26.0 30.8 60.3
SD 6.3 9.5 7.0 5.1 8.5 30.2
Median 40.7 31.7 38.6 25.9 31.0 57.4
25 percentile 37.0 22.0 33.6 22.4 24.7 38.7
75 percentile 47.1 39.6 42.4 30.0 36.7 84.3
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females showed isometry and males positive allometry in the Ln TL vs Ln W rela-
tionship. Finally, males and females of A. caeca showed negative allometry in the 
Ln CL vs Ln TL relationship, isometry in the Ln CL vs Ln W relationship, and posi-
tive allometry in the Ln TL vs Ln W relationship (Table 13.6).

Fig. 13.8 Size distribution of females (black columns) and males (gray columns) of (a) Polycheles 
typhlops, (b) P. perarmatus, and (c) Stereomastis sculpta
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13.3.4  Relationships Between Lobster Size and Depth

Within the polychelids, size of both males and females significantly tended to 
decrease with increasing depth in P. typhlops and P. perarmatus (Table 13.7). This 
was also the case for females of S. sculpta, but not for males, in which there was no 
relationship between size of individuals and depth. In the nephropids, size of 

Fig. 13.9 Size distribution of females (black columns) and males (gray columns) of (a) Nephropsis 
aculeata, (b) N. rosea, and (c) Acanthacaris caeca. Note the different X-axis in (c)

P. Briones-Fourzán et al.
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Table 13.3 Parameters (with 95% confidence intervals, CI) of ordinary least squares regressions 
between body dimensions, with values of dependent (Y) and independent (X) variables for females 
(F) and males (M) of three polychelid species: Polycheles typhlops, P. perarmatus, and Stereomastis 
sculpta, from the southern Gulf of Mexico. Within each species, regressions were computed 
separately for each sex, and the slopes statistically compared between sexes; when slopes did not 
differ significantly, intercepts were compared

Y X Species Sex Intercept a (95% CI) Slope b (95% CI) N r2

TL CL P. typhlops F −0.228 (−1.488, 0.966) 2.316 (2.277, 
2.352)*

58 0.997

M −1.978 (−3.204, −0.729) 2.398 (2.356, 
2.439)*

86 0.995

P. 
perarmatus

F 3.016 (1.296, 4.524) 2.409 (2.376, 
2.444)

292 0.988

M 2.260 (0.597, 3.817) 2.420 (2.381, 
2.460)

320 0.982

S. sculpta F 3.963 (2.751, 5.033) 2.157 (2.132, 
2.186)*

695 0.986

M −0.428 (−1.417, 0.555) 2.297 (2.270, 
2.324)*

517 0.990

Ln 
W

Ln 
CL

P. typhlops F −10.283 (−11.381, 
−9.306)

3.488 (3.217, 
3.795)

58 0.930

M −11.052 (−11.854, 
−10.322)

3.731 (3.524, 
3.959)

86 0.948

P. 
perarmatus

F −8.539 (−8.924, −8.214) 3.079 (2.994, 
3.181)

292 0.914

M −9.004 (−9.827, −8.204) 3.219 (3.005, 
3.440)

320 0.860

S. sculpta F −8.653 (−9.046, −8.274) 2.981 (2.879, 
3.085)*

695 0.845

M −10.001 (−10.603, 
−9.382)

3.379 (3.212, 
3.544)*

517 0.827

Ln 
W

Ln 
TL

P. typhlops F −13.022 (−14.237, 
−11.925)

3.448 (3.197, 
3.720)

58 0.935

M −13.661 (−14.552, 
−12.825)

3.603 (3.411, 
3.806)

86 0.953

P. 
perarmatus

F −11.392 (−11.803, 
−10.933)

3.093 (2.996, 
3.181)*

292 0.926

M −12.160 (−13.066, 
−11.302)

3.270 (3.085, 
3.466)*

320 0.884

S. sculpta F −11.459 (−11.922, 
−11.002)

3.066 (2.967, 
3.168)*

695 0.854

M −12.498 (−13.156, 
−11.799)

3.313 (3.158, 
3.459)*

517 0.834

Note: CL: carapace length, TL: total length, W: body weight, *significant (α = 0.05)
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lobsters tended to decrease with increasing depth in N. rosea, but the inverse pattern 
occurred in N. aculeata, in which size of both males and females tended to increase 
with increasing depth. Finally, size showed no relationship with depth in females 
and males of A. caeca. In most cases where the relationship was significant, there 
was substantial dispersal of points, as indicated by the relatively low values of the 
correlation coefficients (Table 13.7).

Table 13.4 Parameters (with 95% confidence intervals, CI) of ordinary least squares regressions 
between body dimensions, with values of dependent (Y) and independent (X) variables for females 
(F) and males (M) of three nephropid species: Nephropsis aculeata, N. rosea, and Acanthacaris 
caeca, from the southern Gulf of Mexico. Within each species, regressions were computed 
separately for each sex, and the slopes statistically compared between sexes; when slopes did not 
differ significantly, intercepts were compared

Y X Species Sex Intercept a (95% CI) Slope b (95% CI) N r2

TL CL N. 
aculeata

F −0.806 (−1.842, 0.191) 2.878 (2.840, 
2.916)*

383 0.980

M −3.118 (−4.656, −1.683) 2.994 (2.931, 
3.055)*

477 0.958

N. rosea F 2.142 (−1.723, 6.477) 2.557 (2.372, 2.716) 139 0.879
M 7.215 (3.656, 11.323) 2.441 (2.290, 2.574) 197 0.839

A. caeca F 12.133 (7.914, 16.231) 2.542 (2.460, 2.623) 50 0.992
M 9.430 (5.486, 13.501) 2.589 (2.503, 2.669) 33 0.996

Ln 
W

Ln 
CL

N. 
aculeata

F −7.818 (−8.102, −7.530) 3.047 (2.960, 3.132) 383 0.949
M −8.000 (−8.498, −7.486) 3.122 (2.964, 3.274) 477 0.920

N. rosea F −8.019 (−8.415, −7.590) 3.061 (2.926, 3.184) 139 0.927
M −8.066 (−8.397, −7.696) 3.104 (2.996, 3.203) 197 0.928

A. caeca F −7.745 (−8.428, −6.967) 3.008 (2.816, 3.174) 50 0.978
M −7.371 (−7.765, −7.039) 2.909 (2.822, 3.009) 33 0.994

Ln 
W

Ln TL N. 
aculeata

F −10.406 (−10.768, 
−10.022)

2.907 (2.818, 2.994) 383 0.943

M −10.255 (−10.984, 
−9.509)

2.882 (2.713, 3.052) 477 0.897

N. rosea F −10.649 (−11.049, 
−10.225)

2.983 (2.887, 
3.076)*

139 0.963

M −11.467 (−12.009, 
−11.009)

3.182 (3.080, 
3.303)*

197 0.940

A. caeca F −12.121 (−12.928, 
−11.404)

3.267 (3.129, 
3.421)*

50 0.989

M −11.347 (−11.891, 
−10.781)

3.108 (2.994, 
3.215)*

33 0.993

Note: CL: carapace length, TL: total length, W: body weight, *significant (α = 0.05)
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Table 13.5 Parameters (with 95% confidence intervals, CI) of reduced major axis regressions 
between body dimensions and tests for allometry with Ln-transformed values of dependent (Y) 
and independent (X) variables for females (F) and males (M) of three polychelid species: Polycheles 
typhlops, P. perarmatus, and Stereomastis sculpta, from the southern Gulf of Mexico

Y X Species Sex Intercept a (95% CI)
Slope b (95% 
CI) N r2 Allometry

Ln 
TL

Ln 
CL

P. typhlops F 0.786 (0.722, 0.840) 1.014 (0.999, 
1.032)

58 0.997 Isometry

M 0.716 (0.636, 0.799) 1.038 (1.014, 
1.061)

86 0.995 Positive

P. 
perarmatus

F 0.897 (0.817, 0.989) 1.002 (0.978, 
1.023)

292 0.990 Isometry

M 0.914 (0.851, 0.977) 0.998 (0.981, 
1.015)

320 0.984 Isometry

S. sculpta F 0.896 (0.866, 0.926) 0.977 (0.969, 
0.985)

695 0.991 Negative

M 0.738 (0.689, 0.792) 1.024 (1.010, 
1.038)

517 0.991 Positive

Ln 
W

Ln 
CL

P. typhlops F −10.737 (−11.765, 
−9.782)

3.616 (3.361, 
3.899)

58 0.930 Positive

M −11.393 (−12.173, 
−10.666)

3.831 (3.627, 
4.052)

86 0.948 Positive

P. 
perarmatus

F −9.083 (−9.387, 
−8.741)

3.222 (3.132, 
3.301)

292 0.914 Positive

M −9.934 (−10.78, 
−9.120)

3.471 (3.254, 
3.696)

320 0.860 Positive

S. sculpta F −9.648 (−10.027, 
−9.280)

3.243 (3.144, 
3.341)

695 0.845 Positive

M −11.220 (−11.835, 
−10.596)

3.717 (3.547, 
3.884)

517 0.827 Positive

Ln 
W

Ln 
TL

P. typhlops F −13.541 (−14.597, 
−12.458)

3.566 (3.323, 
3.807)

58 0.935 Positive

M −14.036 (−14.878, 
−13.195)

3.691 (3.501, 
3.881)

86 0.953 Positive

P. 
perarmatus

F −11.966 (−12.396, 
−11.395)

3.214 (3.093, 
3.304)

292 0.926 Positive

M −13.114 (−14.050, 
−12.236)

3.478 (3.288, 
3.680)

320 0.884 Positive

S. sculpta F −12.620 (−13.093, 
−12.149)

3.318 (3.217, 
3.424)

695 0.854 Positive

M −13.898 (−14.614, 
−13.156)

3.629 (3.465, 
3.788)

517 0.834 Positive

Note: CL: carapace length, TL: total length, W: body weight
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Table 13.6 Parameters (with 95% confidence intervals, CI) of reduced major axis regressions 
between body dimensions and tests for allometry with Ln-transformed values of dependent (Y) 
and independent (X) variables for females (F) and males (M) of three nephropid species: 
Nephropsis aculeata, N. rosea, and Acanthacaris caeca, from the southern Gulf of Mexico

Y X Species Sex Intercept a (95% CI)
Slope b (95% 
CI) N r2 Allometry

Ln 
TL

Ln 
CL

N. 
aculeata

F 0.900 (0.849, 0.950) 1.045 (1.029, 
1.061)

383 0.982 Positive

M 0.825 (0.762, 0.890) 1.070 (1.050, 
1.090)

477 0.969 Positive

N. rosea F 0.819 (0.659, 0.989) 1.045 (0.994, 
1.095)

139 0.898 Isometry

M 1.046 (0.910, 1.201) 0.982 (0.936, 
1.021)

197 0.880 Isometry

A. caeca F 1.320 (1.227, 1.442) 0.926 (0.896, 
0.949)

50 0.995 Negative

M 1.281 (1.181, 1.382) 0.936 (0.911, 
0.960)

33 0.997 Negative

Ln 
W

Ln 
CL

N. 
aculeata

F −8.079 (−8.366, 
−7.786)

3.129 (3.039, 
3.216)

383 0.949 Positive

M −8.432 (−8.973, 
−7.877)

3.256 (3.086, 
3.422)

477 0.920 Positive

N. rosea F −8.400 (−8.830, 
−7.979)

3.178 (3.049, 
3.308)

139 0.927 Positive

M −8.467 (−8.807, 
−8.081)

3.222 (3.108, 
3.325)

197 0.928 Positive

A. caeca F −7.879 (−8.655, 
−6.981)

3.041 (2.821, 
3.228)

50 0.978 Isometry

M −7.408 (−7.826, 
−7.069)

2.919 (2.828, 
3.020)

33 0.994 Isometry

Ln 
W

Ln 
TL

N. 
aculeata

F −10.774 (−11.183, 
−10.376)

2.994 (2.901, 
3.089)

383 0.943 Isometry

M −10.943 (−11.661, 
−10.216)

3.043 (2.873, 
3.208)

477 0.897 Isometry

N. rosea F −10.888 (−11.277, 
−10.476)

3.040 (2.945, 
3.131)

139 0.963 Isometry

M −11.901 (−12.346, 
−11.470)

3.282 (3.183, 
3.382)

197 0.940 Positive

A. caeca F −12.216 (−13.030, 
−11.447)

3.285 (3.138, 
3.442)

50 0.989 Positive

M −11.404 (−11.941, 
−10.868)

3.119 (3.008, 
3.226)

33 0.993 Positive

Note: CL: carapace length, TL: total length, W: body weight
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13.4  Discussion

The present work provides new information on deep-sea lobsters in the southern 
Gulf of Mexico, where knowledge on the local deep- sea ecosystems and biodiver-
sity is limited, as well as on the individual species that inhabit these ecosystems 
(Felder and Camp 2009). Over much of this area, the marked steepness and highly 
complex topography of the continental slope, featuring many canyons, channels, 
and escarpments, make it difficult to sample the benthic fauna. This is particularly 
true for the Campeche Escarpment, off the Yucatan Peninsula (Briones-Fourzán 
et al. 2010; Gracia et al. 2010). Therefore, it is not surprising that information on 
deep-water megacrustaceans from this particular province (located in the SSW sec-
tor) is scarce (Wicksten and Packard 2005). In addition, as most deep-sea lobsters 
live in burrows or bury themselves in sediment (Holthuis 1974; Galil 2000; Ahyong 
2009), areas with adequate habitats for these species (e.g., soft bottoms) are patchily 
distributed over the continental slope. This patchy distribution of soft bottoms was 
observed during the echosounder surveys conducted to find suitable areas for sam-
pling throughout the several cruises.

The nine species of deep-sea lobsters collected in our cruises have a wide distri-
bution. Along the Western Atlantic, they have all been reported from Florida and the 
Bahamas to Brazil (Firth Jr and Pequegnat 1971; Felder et al. 2009; Tavares and 
Young 2002; Dall’occo and Tavares 2004; Dall’occo et al. 2007; Silva et al. 2013; 
Bezerra and Ribeiro 2015; Alves et al. 2016). Within the Gulf of Mexico, A. caeca, 
N. aculeata, N. rosea, P. typhlops, and S. sculpta have been collected in all sectors. 
C. crucifer has also been collected in all sectors of the Gulf except the SSW. There 
are previous reports of P. perarmatus only from the northern half of the Gulf, of 

Table 13.7 Parameters (with 95% confidence intervals, CI) of ordinary least squares regressions 
to test for a relationship between depth (m) (variable X) and carapace length (mm) (variable Y) for 
females (F) and males (M) of three polychelid species (Polycheles typhlops, P. perarmatus, and 
Stereomastis sculpta) and three nephropid species (N. aculeata, N. rosea, Acanthacaris caeca), 
from the southern Gulf of Mexico

Species Sex Intercept a (95% CI) Slope b (95% CI) N r2 p

P. typhlops F 76.736 (56.480, 96.992) −0.069 (−0.103, −0.035) 61 0.218 <0.001
M 55.358 (40.476, 70.241) −0.040 (−0.065, −0.016) 87 0.113 0.001

P. perarmatus F 86.262 (76.847, 95.677) −0.090 (−0.111, −0.069) 293 0.191 <0.001
M 47.840 (41.595, 54.085) −0.017 (−0.031, −0.003) 321 0.017 0.020

S. sculpta F 56.359 (50.349, 62.370) −0.014 (−0.021, −0.006) 710 0.016 <0.001
M 37.586 (33.283, 41.890) 0 (−0.006, 0.005) 528 0 0.988

N. aculeata F 15.133 (12.238, 18.028) 0.023 (0.017, 0.029) 384 0.117 <0.001
M 13.470 (11.274, 15.666) 0.028 (0.024, 0.033) 486 0.214 <0.001

N. rosea F 41.415 (31.973, 50.858) −0.022 (−0.037, −0.008) 140 0.062 0.002
M 43.066 (35.905, 50.228) −0.019 (−0.030, −0.008) 198 0.057 <0.001

A. caeca F 76.450 (27.128, 125.772) −0.031 (−0.111, 0.050) 50 0.012 0.445
M 81.084 (−3.505, 165.673) −0.030 (−0.162, 0.112) 34 0.007 0.646
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T. zaleucus from the NNE and ESE sectors, and of N. neglecta exclusively from the 
ESE sector (Felder et  al. 2009). Therefore, the present study extends the known 
distribution of P. perarmatus to the WSW and SSW Gulf sectors, of T. zaleucus to 
the SSE and SSW sectors, and of N. neglecta to the SSE sector.

Across the southern Gulf of Mexico, the lobster assemblage did not vary sub-
stantially among 100-m depth strata, Gulf sectors, or a combination of depth and 
sector but varied substantially among 200-m depth strata. This result mainly reflects 
the different bathymetric distribution of the two most abundant species: N. aculeata 
in the 300–499 m stratum and S. sculpta in the >700 m stratum. The OLS regres-
sions that we obtained for morphometric relationships of the most abundant species 
of polychelids (P. perarmatus, P. typhlops, and S. sculpta) and nephropids (N. acu-
leata, N. rosea, and A. caeca) in our samples will allow estimating total length and 
weight from a broad range of CL values in future studies on these species.

13.4.1  Polychelid Lobsters

Despite their wide distribution, comparatively little is known about the biology and 
ecology of polychelid lobsters, except for S. sculpta and P. typhlops, which have 
been extensively studied in the Mediterranean Sea. There, both species reach simi-
lar sizes and appear to occupy a similar ecological niche as benthopelagic feeders, 
but P. typhlops is more abundant above 1200 m depth and S. sculpta below this 
depth (Cartes and Abelló 1992; Cartes and Carrassón 2004). Although Galil (2000) 
synonymized the genus Stereomastis with the genus Polycheles, Ahyong (2009) fur-
ther reestablished both genera and provided a thorough analysis of their morpho-
logical differences. Both S. sculpta and P. typhlops abound in the northern Gulf of 
Mexico where, according to Firth Jr and Pequegnat (1971), the former is probably 
one of the most numerically important polychelids on the continental slope. This is 
consistent with our results, with S. sculpta being the most abundant polychelid on 
the upper slope of the southern Gulf of Mexico. Ahyong (2009) suggested that poly-
chelids are ambush predators, striking from a buried position with the chelipeds 
folded against the lateral margins of the carapace. However, a study in the NW 
Atlantic using stable isotopes and fatty acid analyses found that the tissues of 
S. sculpta had highly negative values of δ13C and high levels of EPA and DHA, 
which are known phytoplankton biomarkers, suggesting a closer link to the pelagic 
food web (Parzanini et al. 2018).

In areas of the Western North Atlantic where P. typhlops does not occur, S. sculpta 
was recorded from 486 to 2257 m and co-occurred with S. nana (Wenner 1979), 
which has not been recorded in the Gulf of Mexico (Felder et al. 2009). The latter 
species occurred from 1400 to 2599 m (Wenner 1979). In the Caribbean Sea, off 
French Guyana, Guéguen (2000) captured P. typhlops from 342 to 479  m and 
S. sculpta (reported as P. sculptus) from 426 to 855 m, whereas in our study area, 
the median depth distribution differed significantly between P. typhlops and 
S. sculpta, with the latter occurring at greater depths. Therefore, where these two 
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species co-occur, P. typhlops tends to occur at shallower depths and S. sculpta at 
deeper depths but with some overlap. P. perarmatus is closely related to P. typhlops 
but differs from this species in several characteristics that include a rounded second 
pleuron and the presence of three carinae ventrally on the uropodal expopod (Galil 
2000). In the present study, P. perarmatus was captured at shallower depths than the 
other polychelid species and exclusively west of the Yucatan Peninsula. The depth 
and distribution data of Polychelids strongly suggest that these lobsters are parti-
tioning the habitat to avoid competition in an area that may be highly limited in food 
resources.

The monospecific genus Cardus was established by Galil (2000) to accommo-
date the species originally described as Deidamia crucifer. Cardus is the only poly-
chelid in which the fifth pereopodal dactyl is simple (i.e., not chelate) in both sexes. 
Despite previous records of C. crucifer in most sectors of the Gulf of Mexico over 
a depth range of 549–2195 m (Galil 2000; Felder et al. 2009), this species was very 
scarce in our samples and was only caught in the SSE sector. Therefore, we could 
only examine size distribution and morphometric relationships in P. perarmatus, 
P. typhlops, and S. sculpta. Polychelid females attain larger sizes than males (Follesa 
et al. 2007; Gastoni et al. 2010), and this was the case for the three examined species 
in the present study. Female polychelids reproduce year-round, producing several 
thousands of small eggs (0.6–0.85 mm in diameter, Firth Jr and Pequegnat 1971, 
Wenner 1979) per spawn (Abelló and Cartes 1992). These features reflect the 
extended larval development of polychelids, which have a characteristic larva called 
eryoneicus, a type of zoea with an inflated carapace (Anger 2001). In P. typhlops, 
there are three zoea and several decapodid stages. In a study conducted in the 
Mediterranean Sea, the three zoea stages and one decapodid stage of P. typhlops 
were caught below the 200 m depth (Torres et al. 2014).

The size of P. typhlops and P. perarmatus decreased with increasing depth, as 
was also found for P. typhlops on the upper slope (350–750 m) of the Ionian Sea 
(Maiorano et al. 1998) and the deep slope (926–1824 m) of the Western Mediterranean 
Sea (Sardà and Cartes 1993). The latter authors, however, did not find any relation-
ship between size of S. sculpta and depth, whereas we found a decrease of size with 
increasing depth for females, but not for males, in which the slope of the regression 
was virtually zero. Potential explanations for a decrease in size with increasing 
depth include a lower abundance of both food resources in the meio- and macrob-
enthos and potential predators of crustaceans with increasing depth, which could 
favor the survival of smaller crustaceans at greater depths (Thiel 1979; Sardà and 
Cartes 1993; Stefanescu et al. 1993).

The length-weight relationships exhibited positive allometry in both sexes of all 
three polychelid species examined, indicating that in individuals of these species, 
the increase in weight is disproportionally greater as length increases. Allometry in 
the CL vs TL relationship was more variable. Both males and females of P. perar-
matus showed isometry in this relationship, as did females of P. typhlops, whereas 
males of P. typhlops and S. sculpta exhibited positive allometry, indicating a propor-
tionally greater increase in abdomen (tail) length with increasing CL in males rela-
tive to females. In contrast, negative allometry in CL vs TL relationship occurred in 
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females of S. sculpta, indicating a smaller increase in abdomen length with increas-
ing CL relative to males.

13.4.2  Nephropid Lobsters

Three of the five species of deep-water nephropids collected in our cruises (A. caeca, 
N. aculeata, and N. rosea) occur across a broad latitudinal distribution in the Western 
Atlantic (Holthuis 1974, 1991; Silva et al. 2013). N. rosea was considered a syn-
onym of N. aculeata until Manning (1969) demonstrated that it was a different spe-
cies. We found N. aculeata between depths of 305 and 761 m and N. rosea between 
314 and 971 m, with the median depths differing significantly between these two 
congeners. In French Guyana, N. aculeata was found from 321 to 491  m and 
N. rosea from 547 to 854 m (Guéguen 2000), and in Brazil, Dall’occo et al. (2007) 
reported N. aculeata from 268 to 576 m and N. rosea from 600 to 800 m. Therefore, 
similar to P. typhlops and S. sculpta, wherever N. aculeata and N. rosea co-occur, 
the latter tends to occur at deeper depths than the former but with some overlap. 
Compared with N. aculeata and N. rosea, N. neglecta is a rather small species 
(Holthuis 1974). N. neglecta was very scarce in our samples, probably because it 
appears to be distributed more toward the Caribbean and Brazil than in the Gulf of 
Mexico and at greater depths (Holthuis 1974, 1991). For example, it has been 
recorded around Brazil between 800 and 1300 m (Tavares and Young 2002; Alves 
et al. 2016). As previously suggested for Polychelidae, these data also suggest habi-
tat partitioning among Neprophidae congeners to reduce competition in an area 
where food resources may be highly limited.

In several deep-sea nephropid species, males generally grow to larger sizes than 
females (Ivanov and Krylov 1980; Hendrickx 2003b; Dineshbabu 2008); however, 
in the present study, the size range of males and females was similar in N. rosea and 
N. aculeata. This was also the case for N. occidentalis off Western Mexico (Papiol 
et al. 2016). Nephropid lobsters have an abbreviated larval development, usually 
with only three zoeas and one decapodid (Goy 2014). Therefore, unlike in polyche-
lids, the eggs of N. aculeata and N. rosea are relatively large (2–2.5 mm in diameter, 
Holthuis 1974), and females produce only a few hundred per spawn (Roe 1966; 
Reid and Corey 1991). Interestingly, the relationship between depth and size was 
negative in N. rosea but positive in N. aculeata. The causes for this pattern remain 
to be determined, but it could further reduce competition for food resources between 
these two congeners.

A. caeca is quite common on the continental slope of the Gulf of Mexico and 
Caribbean Sea (Holthuis 1974, 1991) and has also been reported off Brazil (Silva 
et al. 2013). Using submersible video surveys across the Miami Terrace and nearby 
areas (NW Atlantic), numerous burrows of A. caeca were observed in muddy envi-
ronments, more often below ~600 m in depth. Some burrows were 10–20 cm deep 
with near-vertical walls (Correa et al. 2012), and some were described as short tun-
nels with a ramp-like entrance crater at one end and a narrower escape opening at 
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the other (Messing et al. 2006). In our study area, A. caeca had a similar depth dis-
tribution as N. rosea. A. caeca reaches much larger sizes than the other deep-sea 
nephropids. However, although the size range was broader for males than for 
females, the median size did not differ with sex, and there was no apparent relation-
ship between depth and size for either females or males.

Unlike A. caeca, T. zaleucus appears to be quite rare despite being the type spe-
cies of its genus. These lobsters exhibit strongly dimorphic first chelipeds, with the 
right side extremely elongate and pectinate (Chang et al. 2014). Previous records of 
T. zaleucus amount to seven individuals, all of them females (Holthuis 1974, 1991; 
Chan and de Saint Laurent 1999), as were the two specimens collected in our study. 
To the extent of our knowledge, these two females, caught in the SSE and SSW Gulf 
sectors, constitute the first report in the Gulf of Mexico outside Polygon 2 of 
Wicksten and Packard (2005), which is located in the NNE sector. A similar situa-
tion occurred for T. japonicus from the Pacific, which was believed to be the only 
other species in the genus, until further expeditions produced more individuals of 
T. japonicus and two new species of the genus (Chang et  al. 2014). Of the two 
females of T. zaleucus that we caught, one was complete, but her cephalothorax was 
separated from the abdomen, whereas only the cephalothorax of the other one was 
recovered. Similarly, three of the seven previously known specimens of T. zaleucus 
were “decapitated” (Holthuis 1974), and eight of 11 specimens assigned to T. mas-
sonktenos were represented only by a cephalothorax or a major cheliped (Chang 
et al. 2014). More recently, Poupin and Corbari (2016) reported on the capture by a 
dredge of only one chela of T. zaleucus off the Caribbean island of Guadeloupe. 
According to Holthuis (1974), this type of catches, obtained with trawling gear, sug-
gests that individuals of T. zaleucus occupy holes on the bottom with their carapace 
protruding.

Results of tests of allometry for the three nephropid species with sufficiently 
large sample sizes were more variable than those for polychelids. In the CL vs TL 
relationship, allometry was positive in both sexes of N. aculeata, isometric in both 
sexes of N. rosea, and negative in both sexes of A. caeca, suggesting a proportion-
ally greater increase in abdomen length with increasing CL in the former, and less 
increase in abdomen length with increasing CL in the latter.

13.4.3  Should Deep-Sea Lobsters Be Fished?

Many species of shallow-water lobsters sustain important fisheries, but this is not 
necessarily the case for deep-sea lobsters (Holthuis 1991). For example, polychelids 
have no commercial value despite some species attaining relatively large sizes 
(Holthuis 1991; Lavalli and Spanier 2010). In contrast, several deep-water nephrop-
ids, including some species of Nephropsis (generally called “lobsterettes”), are 
either exploited or considered as potential fishing resources in many parts of the 
world (Holthuis 1991; Hendrickx 2003b, Dineshbabu 2008), including the Gulf of 
Mexico (Roe 1966, Holthuis 1991). However, deep-sea fisheries are more 
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susceptible to overexploitation because deep-water species generally have life his-
tory characteristics that result in less population resilience or productivity than 
shallow- water species (Norse et  al. 2012). Moreover, there is growing concern 
about the negative impacts on biodiversity of fishing activities in the deep sea 
(Roberts 2002; Norse et al. 2012, Clark et al. 2016; da Ros et al. 2019), where many 
local species exist as metapopulations whose regional distribution depends on a bal-
ance among multiple-scale dynamics (Levin et al. 2001).

In addition, deep-sea ecosystems are more fragile than shallower ecosystems, 
especially in the context of ocean warming, expanding hypoxia, and acidification 
associated with climate change (Koslow et al. 2000; Levin et al. 2001; Levin and 
Dayton 2009). Trawling activities, in particular, can destroy biological structures 
that provide habitat for many species (Buhl-Mortensen et al. 2010; da Ros et al. 
2019). For example, in Florida, N. aculeata, N. rosea, P. typhlops, and S. sculpta 
have been observed associated with deep coral ecosystems (Lutz and Ginsburg 
2007), which are especially vulnerable to trawling activities (Maynou and Cartes 
2011; Clark et  al. 2016). Deep coral ecosystems have also been reported at 
500–600 m of depth on the Campeche Escarpment (Hebbeln et al. 2014) and should 
be protected in the case of eventual fishery exploitation. Currently, deep-sea fisher-
ies for lobsters or any other species are nonexistent in the southern (Mexican) por-
tion of the Gulf of Mexico and may be particularly costly and difficult to develop 
over the rugged continental slope of much of this portion. Therefore, the potential 
development of a deep-sea lobster fishery should carefully consider the cost/benefit 
balance of exploitation in both economic and ecological terms, in order to reach a 
compromise between eventual utilization and the establishment of conservation 
areas as spatial refugia for these lobsters and other deep-sea species.

Acknowledgments We thank the officers and crew of the R/V Justo Sierra for their skill during 
sampling operations. We appreciate the invaluable technical support of Magaly Galván Palmerín, 
Hermelinda Trejo Rosas, Sandra Antonio Bueno, León F. González Morales, and Brenda Barbosa 
Nieto and Ingrid Antillón Zaragoza, Fernando Negrete-Soto, and Cecilia Barradas-Ortiz, during 
onboard and laboratory activities. We also thank the many graduate and undergraduate students 
that collaborated in the research cruises and processing of samples. Universidad Nacional 
Autónoma de México supported this study with institutional funds and research vessel time and 
also through research project UNAM-DGAPA-PAPIIT IN223109. The SOGOM cruises were 
developed with funds of project D1/CH2012-01 “Implementación de redes de observaciones 
oceanográficas (Físicas, Químicas, Ecológicas) para la generación de escenarios ante posibles con-
tingencias relacionadas a la exploración y producción de hidrocarburos en aguas profundas del 
Golfo de México”, provided by Fondo Sectorial CONACyT-SENER-Hidrocarburos, 
Consorcio CIGoM.

References

Abelló P, Cartes JE (1992) Population characteristics of the deep-sea lobsters Polycheles typh-
lops and Stereomastis sculpta (Decapoda: Polychelidae) in a bathyal mud community of the 
Mediterranean Sea. Mar Biol 114:109–117

13 Deep-Sea Lobsters from the Continental Slope of the Southern Gulf of Mexico



338

Ahyong ST (2009) The Polychelidan lobsters: phylogeny and systematics (Polychelida: 
Polychelidae). In: Martin JL, Crandall KA, Felder DL (eds) Crustacean issues, vol 18. CRC 
Press, Boca Raton, pp 369–396

Alves FA, de Araújo MSC, Souza-Filho JF (2016) Distribution of two species of Nephropsis 
Wood-Mason, 1872 (Crustacea, Decapoda, Nephropidae) from northeastern Brazil. Zootaxa 
4114:90–94

Anger K (2001) The biology of decapod crustacean larvae. Crustacean issues, vol 14. Balkema, Lisse
Anger K, Moreira GS (1998) Morphometric and reproductive traits of tropical caridean shrimps. 

J Crust Biol 18:823–838
Balsam WL, Beeson JP (2003) Sea-floor sediment distribution in the Gulf of Mexico. Deep-Sea 

Res I 50:1421–1444
Barradas-Ortiz C, Briones-Fourzán P, Lozano-Álvarez E (2003) Seasonal reproduction and feed-

ing ecology of giant isopods Bathynomus giganteus from the continental slope of the Yucatan 
peninsula. Deep Sea Res I 50:495–513

Bergantino RN (1971) Submarine regional geomorphology of the Gulf of Mexico. Geol Soc Am 
Bull 82:741–752

Bezerra LEA, Ribeiro FB (2015) Primitive decapods from the deep sea: first record of blind lob-
sters (Crustacea: Decapoda: Polychelidae) in northeastern Brazil. Nauplius 23:125–131

Briones-Fourzán P, Barradas-Ortiz C, Negrete-Soto F, Lozano-Álvarez E (2010) Reproductive 
traits of tropical deep-water pandalid shrimps (Heterocarpus ensifer) from the SW Gulf of 
Mexico. Deep Sea Res I 57:978–987

Buhl-Mortensen L, Vanreusel A, Gooday AJ, Levin LA, Priede IG, Buhl-Mortensen P, Gheerardyn 
H, King NJ, Raes M (2010) Biological structures as a source of habitat heterogeneity and bio-
diversity on the deep ocean margins. Mar Ecol 31:21–50

Cabiddu S, Follesa MC, Gastoni A, Porcu C, Cau A (2008) Gonad development of the deep-sea 
lobster Polycheles typhlops (Decapoda: Polychelidae) from the central western Mediterranean. 
J Crust Biol 28:494–501

Cartes JE, Abelló P (1992) Comparative feeding habits of polychelid lobsters in the Western 
Mediterranean deep-sea communities. Mar Ecol Prog Ser 84:139–150

Cartes JE, Carrassón M (2004) Influence of trophic variables on the depth-range distributions and 
zonation rates of deep-sea megafauna: the case of the Western Mediterranean assemblages. 
Deep Sea Res I 51:263–279

Chan TY (2010) Annotated checklist of the world’s marine lobsters (Crustacea: Decapoda: 
Astacidea, Glypheidea, Achelata, Polychelida). Raffles Bull Zool Suppl 23:153–181

Chan TY, de Saint Laurent M (1999) The rare lobster genus Thaumastocheles (Decapoda: 
Thaumastochelidae) from the Indo-Pacific, with description of a new species. J Crust Biol 
19:891–901

Chang SC, Chan TY, Ahyong ST (2014) Two new species of the rare lobster genus Thaumastocheles 
Wood-Mason, 1874 (Reptantia: Nephropidae) discovered from recent deep-sea expeditions in 
the Indo-West Pacific. J Crust Biol 34:107–122

Clark MR, Althaus F, Schlacher TA, Williams A, Bowden DA, Rowden AA (2016) The impacts of 
deep-sea fisheries on benthic communities: a review. ICES J Mar Sci 73:i51–i69

Clarke KR (1993) Non-parametric multivariate analyses of changes in community structure. Aust 
J Ecol 18:117–143

Clarke KR, Gorley RN (2006) PRIMER v6: user manual/tutorial. PRIMER-E, Plymouth
Clarke KR, Warwick RM (2001) Change in marine communities: an approach to statistical analy-

sis and interpretation. PRIMER-E, Plymouth
Correa TBS, Eberli GP, Grasmueck M, Reed JK, Correa AMS (2012) Genesis and morphology of 

cold-water coral ridges in a unidirectional current regime. Mar Geol 326–328:14–27
da Ros Z, Dell’Anno A, Morato T, Sweetman AK, Carreiro-Silva M, Smith CJ, Papadopoulou N, 

Corinaldesi C, Bianchelli S, Gambi C, Cimino R, Snelgrove P, Van Dover CL, Danovaro R 
(2019) The deep sea: the new frontier for ecological restoration. Mar Policy 108:103642

P. Briones-Fourzán et al.



339

Dall’occo PL, Tavares M (2004) New and additional records of deep-water blind lobsters from 
Brazil (Decapoda: Polychelida). Nauplius 12:143–149

Dall’occo PL, Bento RT, de Melo GAS (2007) Range extensions for lobsters off the Brazilian coast 
(Crustacea, Decapoda, Palinurida, Astacidea). Biociências (Porto Alegre) 15:47–52

Dineshbabu AP (2008) Morphometric relationship and fishery of Indian Ocean lobsterette, 
Nephropsis stewarti Wood-Mason 1873 along the southwest coast of India. J Mar Biol Assoc 
India 50:113–116

Ellis SL, Incze LS, Lawton P, Ojaveer H, MacKenzie BR, Pitcher CR, Shirley TC, Eero M, Tunnell 
JW Jr, Doherty PJ, Zeller BM (2011) Four regional marine biodiversity studies: approaches and 
contributions to ecosystem-based management. PLoS One 6(4):e18997

Escobar-Briones EG, Gaytán-Caballero A, Legendre P (2008) Epibenthic megacrustaceans from 
the continental margin, slope and abyssal plain of the Southwestern Gulf of Mexico: factors 
responsible for variability in species composition and diversity. Deep Sea Res II 55:2667–2678

Färber-Lorda J (1994) Length-weight relationships and coefficient of condition of Euphausia 
superba and Thysanoessa macrura (Crustacea: Euphausiacea) in southwest Indian Ocean dur-
ing summer. Mar Biol 118:645–650

Felder DL, Camp DK (eds) (2009) Gulf of Mexico: origins, waters, and biota, vol 1. Texas A&M 
Univ Press, College Station

Felder DL, Álvarez F, Goy JW, Lemaitre R (2009) Decapoda (Crustacea) of the Gulf of Mexico, 
with comments on the Amphionidacea. In: Felder DL, Camp DK (eds) Gulf of Mexico: origins, 
waters, and biota, vol 1. Texas A&M Univ Press, College Station, pp 1019–1104

Firth Jr RW, Pequegnat WE (1971) Deep-sea lobsters of the families Polychelidae and Nephropidae 
(Crustacea, Decapoda) in the Gulf of Mexico and Caribbean Sea. Texas A&M Univ, Dept 
Oceanogr, A&M Project 700-15, Reference 71-1 IIT

Follesa MC, Cabiddu S, Gastoni A, Cau A (2007) On the reproductive biology of the deep-sea 
lobster, Polycheles typhlops (Decapoda, Palinura, Polychelidae), from the Central-Western 
Mediterranean. Crustaceana 80:839–846

Galil B (2000) Crustacea Decapoda: review of the genera and species of the family Polychelidae 
Wood-Mason, 1874. In: Crosnier A (ed) Résultats des campagnes MUSORSTOM, vol 21. 
Mém Mus Natl Hist Nat 184:285–387

Gastoni A, Follesa MC, Mulas A, Porcu C, Cau M (2010) Observations on Polycheles sculptus 
S.I. Smith, 1880 (Decapoda, Palinura, Polychelidae) from Sardinian waters (central western 
Mediterranean). Crustaceana 83:443–456

Goy JW (2014) Astacidea. In: Martin JW, Olesen J, Hoeg JT (eds) Atlas of crustacean larvae. Johns 
Hopkins University Press, Baltimore, pp 256–264

Gracia A, Vázquez-Bader AR, Lozano-Álvarez E, Briones-Fourzán P (2010) Deep-water shrimp 
(Crustacea: Penaeidoea) off the Yucatan Peninsula (southern Gulf of Mexico): a potential fish-
ing resource? J Shellfish Res 29:37–43

Guéguen F (2000) Distribution et abondance des crustacés décapodes tu talus continental (200–900 
m) de Guyane Française. Crustaceana 73:685–703

Hammer Ø, Harper DAT, Ryan PD (2001) PAST: paleontological statistics software package for 
education and data analysis. Palaeontol Electron 4(1):1–9

Hartnoll RG (1982) Growth. In: Abele LG (ed) The biology of Crustacea, vol 2. Academic Press, 
New York, pp 11–196

Hebbeln D, Wienberg C, Wintersteller P, Freiwald A, Becker M, Beuck L, Dullo C, Eberli GP, 
Glogowski S, Matos L, Forster N, Reyes-Bonilla H, Taviani M et  al (2014) Environmental 
forcing of the Campeche cold-water coral province, southern Gulf of Mexico. Biogeosciences 
11:1799–1815

Hendrickx ME (2003a) Distribution and estimation of body size and weight of four species of 
deep water shrimps in the Southeastern Gulf of California, Mexico. Crustaceana 76:1025–1036

Hendrickx ME (2003b) Distribution and size of the Pacific deep water lobsterette, Nephropsis 
occidentalis Faxon, 1893 (Decapoda, Astacidea, Nephropidae) in the S.E. Gulf of California, 
Mexico. Crustaceana 76:207–216

13 Deep-Sea Lobsters from the Continental Slope of the Southern Gulf of Mexico



340

Holthuis LB (1974) The lobsters of the superfamily Nephropoidea of the Atlantic Ocean (Crustacea: 
Decapoda). Bull Mar Sci 24:723–884

Holthuis LB (1991) Marine lobsters of the world. An annotated and illustrated catalogue of species 
of interest to the fisheries known to date, FAO Fisheries Synopsis No. 125, vol 13. FAO, Rome

Ivanov BG, Krylov VV (1980) Length-weight relationship in some common prawns and lobsters 
(Macrura, Natantia and Reptantia) from Western Indian Ocean. Crustaceana 38:279–289

Koslow JA, Boehlert GW, Gordon JDM, Haedrich RL, Lorance P, Parin N (2000) Continental 
slope and deep-sea fisheries: implications for a fragile ecosystem. ICES J Mar Sci 57:548–557

Lavalli KL, Spanier E (2010) Infraorder Palinura Latreille, 1802. In: Schram FR, von Vaupel Klein 
JC (eds) Treatise on zoology–anatomy, taxonomy, biology: the Crustacea, vol 9, part A. Brill, 
Leiden, pp 425–532

Levin LA, Dayton PK (2009) Ecological theory and continental margins: where shallow meets 
deep. Trends Ecol Evol 24:606–617

Levin LA, Etter RJ, Rex MA, Gooday AJ, Smith CR, Pineda J, Stuart CT, Hessler RR, Pawson D 
(2001) Environmental influences on regional deep-sea species diversity. Annu Rev Ecol Syst 
132:51–93

Lozano-Álvarez E, Briones-Fourzán P, Gracia A, Vázquez-Bader AR (2007) Relative growth and 
size at first maturity of the deep water shrimp Heterocarpus ensifer (Decapoda, Pandalidae) 
from the southern Gulf of Mexico. Crustaceana 80:555–568

Lutz SJ, Ginsburg RN (2007) State of the US deep coral ecosystems in the United States Caribbean 
region: Puerto Rico and US Virgin Islands. In: Lumsden SE, Hourigan TF, Bruckner AW (eds) 
The state of deep coral ecosystems of the United States, NOAA Tech Memorandum CRCP-3. 
NOAA, Silver Spring, pp 307–365

Maiorano P, Pastore M, D’Onghia G, Latorre F (1998) Note on the population structure and repro-
duction of Polycheles typhlops (Decapoda: Polychelidae) on the upper slope of the Ionian Sea. 
J Nat Hist 32:1609–1618

Manning RB (1969) A new genus and species of lobster (Decapoda, Nephropidae) from the 
Caribbean Sea. Crustaceana 17:303–309

Martínez-Calderón R, Lozano-Álvarez E, Briones-Fourzán P (2018) Morphometric relationships 
and seasonal variation in size, weight, and a condition index of post-settlement stages of the 
Caribbean spiny lobster. Peer J 6:e5297

Maynou F, Cartes JE (2011) Effects of trawling on fish and invertebrates from deep-sea coral facies 
of Isidella elongata in the western Mediterranean. J Mar Biol Assoc UK 92:1501–1507

Messing CG, Walker BK, Dodge RE, Reed J (2006) Calypso U.S.  Pipeline, LLC, Mile Post 
(MP) 31-MP 0 deep-water marine benthic video survey. Final report submitted to Calypso 
U.S. Pipeline, LLC

Norse EA, Brooke S, Cheung WWL, Clark MR, Ekeland I, Froese R, Gjerde KM, Haedrich RL, 
Heppell SS, Morato T, Morgan LE, Pauly D, Sumaila UR, Watson R (2012) Sustainability of 
deep-sea fisheries. Mar Policy 36:307–320

Papiol V, Hendrickx ME, Serrano D (2016) Distribution and ecology of the Pacific lobsterette 
Nephropsis occidentalis Faxon, 1893 (Crustacea, Decapoda, Astacidea), on the continental 
slope off western Mexico. In: Riosmena-Rodríguez R (ed) Marine benthos: biology, ecosystem 
functions and environmental impact. Nova Science, New York, pp 197–223

Parzanini C, Parrish CC, Hamel JF, Mercier A (2018) Trophic relationships of deep-sea benthic 
invertebrates on a continental margin in the NW Atlantic inferred by stable isotope, elemental, 
and fatty acid composition. Prog Oceanogr 168:279–295

Poupin J, Corbari L (2016) A preliminary assessment of the deep-sea Decapoda collected during 
the KARUBENTHOS 2015 Expedition to Guadeloupe Island. Zootaxa 4190:1–107

Reid DM, Corey S (1991) Comparative fecundity of decapod crustaceans, III. The fecundity of 
fifty-three species of Decapoda from tropical, subtropical, and boreal waters. Crustaceana 
61:308–316

Roberts CM (2002) Deep impact: the rising toll of fishing in the deep sea. Trends Ecol Evol 
17:242–245

P. Briones-Fourzán et al.



341

Robinson LA, Greenstreet SPR, Reiss H, Callaway R, Craeymeersh J, de Boois I, Degraer S, 
Ehrich S, Fraser HM, Goffin A et  al (2010) Length–weight relationships of 216 North Sea 
benthic invertebrates and fish. J Mar Biol Assoc UK 90:95–104

Roe RB (1966) Potentially commercial Nephropsids from the western Atlantic. Trans Am Fish 
Soc 95:92–98

Sardà F, Cartes JE (1993) Relationship between size and depth in decapod crustacean populations 
on the deep slope in the Western Mediterranean. Deep Sea Res I 40:2389–2400

Silva KCA, Cruz R, Cintra IHA, Abrunhosa FA (2013) Structure and diversity of the lobster com-
munity on the Amazon continental shelf. Crustaceana 86:1084–1102

Stefanescu C, Lloris D, Rucabado J (1993) Deep-sea fish assemblages in the Catalan Sea (Western 
Mediterranean) below a depth of 1000 m. Deep-Sea Res I 40:695–707

Tavares CR, Young PS (2002) Nephropidae (Crustacea, Decapoda) collected by the Revizee Score- 
Central program from off Bahia to Rio de Janeiro states, Brazil. Arq Mus Nac 60:77–88

Thiel H (1979) Structural aspects of the deep-sea benthos. Ambio Special Rep 6:25–31
Torres AP, Palero F, dos Santos A, Abelló P, Blanco E, Boné A, Guerao G (2014) Larval stages of 

the deep-sea lobster Polycheles typhlops (Decapoda, Polychelida) identified by DNA analysis: 
morphology, systematic, distribution and ecology. Helgol Mar Res 68:379–397

Uchupi E (1975) Physiography of the Gulf of Mexico and Caribbean Sea. In: Nairn AEM, Stehli 
FG (eds) The Gulf of Mexico and the Caribbean. Plenum, New York, pp 1–64

Vázquez-Bader AR, Gracia A (2013) Crangonidae and Glyphocrangonidae (Decapoda; Caridea) 
of the Southern Gulf of Mexico. Zootaxa 3669(3):367–383

Vázquez-Bader AR, Gracia A (2016) Diversity and distribution of Chyrostiloidea and Galatheoidea 
(Decapoda, Anomura) in the Southern Gulf of Mexico. Zookeys 612:1–30

Wahle R, Tshudy D, Cobb JS, Factor J, Jaini M (2012) Infraorder Astacidea Latreille, 1802 p.p.: 
the marine clawed lobsters. In: Schram FR, von Vaupel Klein JC (eds) Treatise on zoology–
anatomy, taxonomy, biology: the Crustacea, vol 9. Part B. Brill, Leiden, pp 3–108

Warton DI, Wright IJ, Falster DS, Westoby M (2006) Bivariate line-fitting methods for allometry. 
Biol Rev 81:259–291

Wenner EL (1979) Some aspects of the biology of deep-sea lobsters of the family Polychelidae 
(Crustacea, Decapoda) from the Western North Atlantic. Fish Bull 77:435–444

Wicksten M, Packard JM (2005) A qualitative zoogeographic analysis of decapod crustaceans of 
the continental slopes and abyssal plain of the Gulf of Mexico. Deep Sea Res I 52:1745–1765

Zar JH (1999) Biostatistical analysis, 4th edn. Prentice Hall, Upper Saddle River

13 Deep-Sea Lobsters from the Continental Slope of the Southern Gulf of Mexico



343© Springer Nature Switzerland AG 2020
M. E. Hendrickx (ed.), Deep-Sea Pycnogonids and Crustaceans  
of the Americas, https://doi.org/10.1007/978-3-030-58410-8_14

Chapter 14
New Molecular Data on Squat Lobster 
from the Coast of São Paulo State (Brazil) 
(Anomura: Munida and Agononida) 
and Insights on the Systematics 
of the Family Munididae

I. Miranda, P. A. Peres, M. D. S. Tavares, and F. L. Mantelatto

Abstract The squat lobsters Munida Leach, 1820 and Agononida Leach, 1820 are 
part of the most speciose genera in the diverse family Munididae. Despite the con-
siderable diversity (>240 species), the Brazilian waters encompass 18 species so far 
(17 Munida and 1 Agononida), only 7 (6 and 1, respectively) of which recorded 
from the coast of São Paulo. The decapod fauna along the coast of São Paulo has 
been studied in the recent past, mostly using  classical alpha morphology. In the 
present study, we carried out a molecular analysis to phylogenetically contextualize 
the species of Munida and Agononida and address future directions on the systemat-
ics of the group. The current investigation results from a long-term multidisciplinary 
taxonomic project that  combined analyses of adult specimens for accurate and 
detailed identification of the biodiversity of marine decapod crustaceans from São 
Paulo state. Sampling was carried out in five major regions along the São Paulo 
coast from 2011 to 2018: Ubatuba, Caraguatatuba, São Sebastião and Ilhabela, 
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Santos and São Vicente, and Cananéia and Ilha Comprida. Additional material from 
the MZUSP collections was used to complete the analysis when fresh material was 
not obtained during the surveys. Previous to molecular analysis, the material was 
identified by classical literature. We obtained six species out of seven recorded, with 
sequences of cytochrome oxidase subunit I  – barcode region and 16S generated 
from six species. We include additional genera and close species to run the analysis 
to better contextualize the phylogenetic positioning of the target species. Our tree 
shows a clear recognition of some of São Paulo species and points out systematics 
inconsistencies in Munididae. Based on the present results, and pending future more 
complete analyses, Munididae should be revised.

Keywords DNA markers · 16S rRNA · Cytochrome oxidase subunit I · Molecular 
phylogeny · Western Atlantic

14.1  Introduction

The advances of molecular analyses have helped to refine the understanding on the 
evolutionary history of decapod crustaceans (Timm and Bracken-Grissom 2015). 
However, many groups are still surrounded by uncertain taxonomy and species 
resolution (e.g., within Anomura – Bracken-Grissom et al. 2013). The squat lobster 
family Munididae Ahyong et  al. 2010, for instance, have passed through great 
strides in their knowledge in the last decade (Machordom and Macpherson 2004; 
Cabezas et al. 2011; Rodríguez-Flores et al. 2019). There are examples of cryptic 
species (Poore and Andreakis 2012), description of new genera (Cabezas et  al. 
2008), and new species (Macpherson et al. 2017) mostly due to worldwide efforts 
combining morphological and molecular data, but also surveys in new locations not 
previously explored.

The family Munididae is highly speciose, composed of 23 genera and more than 
400 recognized species so far (Ahyong et al. 2010; WoRMS 2020a). Despite this 
tremendous advance on documenting the diversity of the group in all marine habi-
tats from shallow to deep waters, our knowledge on Brazilian Munididae is still 
poorly explored. Taxonomic contributions were restricted to the 1990s and early 
2000s, mostly using morphological data (see Melo-Filho and Melo 1994, 1998, 
2001b; Tavares and Campinho 1998; Melo 1999; Melo-Filho 2006; Serejo et  al. 
2007; Baba et al. 2008). Recently, three new species of Munidopsis Witheaves, 1874 
were described by Poore (2014), two of them from Amapá and Espirito Santo states 
and one by Cardoso et al. (2014) also from Espirito Santo. Despite the high diversity 
of Munididae, only 18 species occur in Brazil so far (17 Munida Leach, 1820 and 
one Agononida Leach, 1820), and only 7 (6 and 1, respectively) are recorded for the 
coast of São Paulo (compiled from the above references).

This scenario evidenced potential perspectives for studies on the taxonomy of the 
group, in particular those using molecular markers to  solving taxonomic 
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inconsistencies and provide phylogenetic contextualization (see Rodríguez-Flores 
et al. 2019 for literature review). As part of a long-term multidisciplinary project to 
expand and improve knowledge about the marine biota of the state of São Paulo 
(Mantelatto et  al. 2018), several efforts are being made in this direction and the 
improvement of the degree of taxonomic refinement, mainly to generate a genomic 
library for species recorded in that region and to serve for documentation of biodi-
versity and future studies (FLM pers. com.). During this project, we were faced 
with some taxonomic uncertainties on some squat lobster species reported for the 
coast of São Paulo. Here, we combined molecular and morphological data to phylo-
genetically contextualize the species of Munida and Agononida reported to this area 
and address potential cryptic species and future directions.

14.2  Material and Methods

14.2.1  Sampling and Identification of Specimens

Sampling was performed during multiple collecting trips from 2011 to 2015, during 
the day and/or at night, in different coastal environments of São Paulo State. The 
collected animals were stored in 95% ethanol and deposited in the Crustacean 
Collection of the Biology Department at the Faculty of Philosophy, Sciences and 
Letters in Ribeirão Preto (CCDB/FFCLRP/USP) (CCDB 5806). Additional mate-
rial was obtained from the Museum of Zoology of the University of São Paulo 
(MZUSP) (MZUSP 13655, 15360, 16244, 16717, 20501, 28422, 28424).

Previously to DNA extraction, the identification of all individuals was confirmed 
based on diagnostic morphological characters from appropriate taxonomic studies 
(Melo 1999; Melo-Filho and Melo 2001a, b; Melo-Filho 2006).

14.2.2  Molecular Protocols

DNA was extracted from the muscle tissue of pereopods, chelae, or pleon using 
three distinct methods, salting-out method (Miller et  al. 1988), Chelating Ion 
Exchange Resin (Chelex® 100) (Estoup et al. 1996), or Qiagen DNeasy Blood and 
Tissue Kit (Qiagen), following the manufacturer’s protocol. The extracted DNA 
final concentration was measured using a spectrophotometer (NanoDrop® 
2000/2000c).

Approximately 650 base pairs (bp) of COI and 500 bp of 16S genes were ampli-
fied using a polymerase chain reaction (PCR) using a thermal cycler (Veriti 96 Well 
Thermal Cycler Applied Biosystems®). Gene fragments were amplified using the 
following thermal profiles: initial denaturing for 2–5 min at 94 °C; annealing for 
35–40 cycles, 30–45 s at 94/95 °C, 30 s at 38–50 °C (depending on the taxon and 
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primers used), and 1 min at 72 °C; final extension 2–3 min at 72 °C, with the prim-
ers 16S–16 L2 (5’-TGC CTG TTT ATC AAA AAC AT-3′) (Schubart et al. 2002) 
and 1472 (5′-AGA TAG AAA CCA ACC TGG-3′) (Crandall and Fitzpatrick 1996); 
and cytochrome oxidase subunit I – COL6b (5’-ACA AAT CAT AAA GAT ATY 
GG-3′) and COH6 (5′-TAD ACT TCD GGR TGD CCA AAR AAY CA-3′) (Schubart 
and Huber 2006) and COIAL2o (5’-ACG CAA CGA TGA TTA TTT TCT AC-3′) 
and COIAH2m (5’-GAC CRA AA AAT CAR AAT AAA TGT TG-3′) (Mantelatto 
et al. 2016).

PCR products were observed in electrophoresis with 1.5% agarose gel and pho-
tographed with digital camera Olympus C-7070® and SX520 Canon® on a UV 
transilluminators M20 UVP® and 302 Kasvy®. Successful PCR products were puri-
fied using the SureClean Plus® kit, following the manufacturer’s protocol.

Purified samples were sent for sequencing to the Department of Technology at 
the Faculty of Agrarian and Veterinary Sciences (Jaboticabal) at São Paulo State 
University (Unesp). All sequences were confirmed by sequencing both strands (for-
ward and reverse directions). A consensus sequence was obtained using the Bioedit 
7.0.5 computer program (Hall 1999). Primer regions and non-readable parts at the 
beginning of the sequences were omitted. All obtained sequences were deposited in 
the GenBank database.

14.2.3  Data Analysis

In addition to the data we generated, we used GenBank sequences of this and other 
species of the genera Agononida and Munida, as well as other Munididae 
(Babamunida Cabezas et al., 2008, Paramunida Baba, 1988, and Plesionida Baba 
& Saint Laurent, 1996), Galatheidae (Fennerogalathea Baba, 1988), and 
Porcellanidae [Porcellana sayana (Leach, 1820)] (Table 14.1) in order to phyloge-
netically contextualize our target group and allow comparison with other intrage-
neric genetic distances.

Sequences were proofread with Chromas 2.23 (Technelysium Pty Ltd., 2005), 
automatically aligned with Clustal W (Thompson et  al. 1994) implemented in 
BioEdit 7.0.5 (Hall 1999), and unspecific readings were manually corrected when 
required. Primer regions, poorly aligned regions, and large indels in sequence data 
were removed following recommendations by GBlocks (Castresana 2000), making 
the final alignment suitable for phylogenetic analysis (Castresana 2000). The 
absence of stop codons in COI was confirmed using the software Artemis (Rutherford 
et al. 2000) to reduce the possibility of including pseudogenes (Song et al. 2008). 
We tested each marker’s  substitution saturation (Xia et  al. 2003) in the software 
DAMBE 5 (Xia 2013). Sequences were finally blasted in GenBank and compared 
with the available assemble.

Alignments of the two mitochondrial markers were concatenated into a single 
dataset; missing data were labeled as question marks in the alignment. Phylogenetic 
reconstructions were carried using ML with RAxML, as proposed by Stamatakis 
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Table 14.1 Squat lobster species (families Galatheidae and Munididae) used for the molecular 
phylogenetic reconstruction (16S rRNA and COI mtDNA) with respective GenBank 
accession numbers

Species Family 16S COI

Agononida africerta Poore & Andreakis, 
2012

Munididae _ KM281842

Agononida alisae Macpherson, 2000 Munididae AY351064 _
Agononida incerta (Henderson, 1888)* Munididae AY351066 _
Agononida indocerta Poore & Andreakis, 
2012

Munididae _ KM281838

Agononida laurentae (Macpherson, 1994) Munididae AY351068 _
Agononida longipes (A. Milne-Edwards, 
1880) MZUSP 20501

Munididae MT320096 - 
Present work

_

Agononida marini (A. Milne-Edwards, 
1880)

Munididae AY351071 _

Agononida ocyrhoe (Macpherson, 1994) Munididae AY351073 _
Agononida pilosimanus (Baba, 1969) Munididae AY351076 _
Agononida procera Ahyong & Poore, 2004 Munididae _ AY351077
Agononida sphecia (Macpherson, 1994) Munididae AY351079 _
Babamunida callista (Macpherson, 1994) Munididae AY351110 AY350939
Munida acantha Macpherson, 1994 Munididae AY351097 AY800033
Munida alonsoi Macpherson, 1994 Munididae AY351105 AY350936
Munida armilla Macpherson, 1994 Munididae AY351107 AY350938
Munida asprosoma Ahyong & Poore, 2004 Munididae JF727283 _
Munida benguela de Saint Laurent & 
Macpherson, 1988

Munididae KY230468 KY230453

Munida caeli Cabezas, Macpherson & 
Machordom, 2009

Munididae EU417977 EU418002

Munida clinata Macpherson, 1994 Munididae AY351113 AY350942
Munida compressa Baba, 1988 Munididae AY351114 AY350944
Munida congesta Macpherson, 2000 Munididae AY351115 AY350945
Munida constrictaA. Milne-Edwards, 
1880 MZUSP 28424

Munididae MT479219 - 
Present work

_

Munida constrictaA. Milne-Edwards, 
1880 MZUSP 15360

Munididae _ MT479218 - 
Present work

Munida delicata Macpherson, 2004 Munididae EU417976 EU418001
Munida devestiva Macpherson, 2006 Munididae EU417989 _
Munida distiza Macpherson, 1994 Munididae AY351119 AY35095
Munida eclepsis Macpherson, 1994 Munididae AY351122 AY350953
Munida euripa Macpherson, Rodriguez-
Flores & Machordom, 2017

Munididae KY230469 KY230454

Munida flinti Benedict, 1902 Munididae MF490158 _
Munida flinti Benedict, 1902 MZUSP 
13655

Munididae MF490158 - 
Present work

MF490054 - 
Present work

Munida forceps A. Milne-Edwards, 1880 
MZUSP 16244

Munididae MT320100 - 
Present work

MT479221 - 
Present work

(continued)

14 New Molecular Data on Squat Lobster from the Coast of São Paulo State…



348

Table 14.1 (continued)

Species Family 16S COI

Munida gracilis Henderson, 1885 Munididae _ KJ544250
Munida gregaria (Fabricius, 1793)a Munididae KX929697 KX929634

AY050075 _
AY700161 _

Munida gordoae Macpherson, 1994 Munididae AY351127 AY350958
Munida guttata Macpherson, 1994 Munididae AY351131 AY350962
Munida hoda Macpherson, Rodriguez-
Flores & Machordom, 2017

Munididae _ KY230455

Munida intermedia A. Milne-Edwards & 
Bouvier, 1899

Munididae _ JQ348884

Munida iris A. Milne-Edwards, 1880 Munididae KF182521 KX022442
Munida lailai Cabezas, Macpherson & 
Machordom, 2009

Munididae EU417988 EU418012

Munida lanciaria Cabezas, Lin & Chan, 
2011

Munididae JF727289 _

Munida leagora Macpherson, 1994 Munididae AY351140 AY350971
Munida lenticularis Macpherson & de Saint 
Laurent, 1991

Munididae _ AY350972

Munida leptosyne Macpherson, 1994 Munididae AY351141 AY350973
Munida mendagnai Cabezas, Macpherson 
& Machordom, 2009

Munididae EU417974 EU417999

Munida mesembria Macpherson, 
Rodriguez-Flores & Machordom, 2017

Munididae KY230471 KY230456

Munida microphthalma A. Milne-Edwards, 
1880

Munididae MF490159 KX022458

Munida microphthalma A. Milne-
Edwards, 1880 MZUSP 16717

Munididae MF490159 - 
Present work

MF490055

Munida militaris Henderson, 1885 Munididae AY351143 AY350975
Munida nesiotes Macpherson, 1999 Munididae _ KY230460
Munida notata Macpherson, 1994 Munididae AY351147 AY350979
Munida oblongata Cabezas, Macpherson & 
Machordom, 2009

Munididae EU417978 _

Munida offella Macpherson, 1996 Munididae _ KY230460
Munida ommata Macpherson, 2004 Munididae AY351151 AY350984
Munida pagesi Macpherson, 1994 Munida 
leptosyne

Munididae AY351152 AY350985

Munida parca Macpherson, 1996 Munididae EU417987 EU418010
Munida proto Macpherson, 1994 Munididae AY351153 AY350986
Munida psamathe Macpherson, 1994 Munididae AY351158 AY350991
Munida psylla Macpherson, 1994 Munididae AY351159 AY350992
Munida pusilla Benedict, 1902 Munididae KF182522 _
Munida remota Baba, 1990 Munididae KY230472 _
Munida quadrispina Benedict, 1902 Munididae _ MG320382
Munida rhodonia Macpherson, 1994 Munididae AY351161 AF283886

(continued)
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(2006), implemented at the CIPRES Science Gateway (Miller et al. 2010), using the 
GTR + G + I substitution model. The consistency of topologies was measured by 
the bootstrap method (1000 bootstrap pseudoreplicates), showing all confidence 
values above 50%. We  also conducted maximum likelihood (ML) phylogenetic 
analyses for each gene fragment separately to reveal any possible discordance in the 
relationships among the studied lineages (data not shown). To estimate intra- and 
interspecific divergence rates, genetic distances were calculated for each gene by 

Table 14.1 (continued)

Species Family 16S COI

Munida rogeri Macpherson, 1994 Munididae _ AY350993
Munida rosula Macpherson, 1994 Munididae AY351162 AY350994
Munida rubridigitalis Baba, 1994b Munididae AY351163 AF283887
Munida rufiantennulata Baba, 1969 Munididae AY351164 AY350995
Munida rugosa (Fabricius, 1775)* Munididae _ JQ306225
Munida rutllanti Zariquiey Álvarez, 1952 Munididae _ JQ305920
Munida shaula Macpherson & de Saint 
Laurent, 2002

Munididae KY230474 KY230464

Munida spilota Macpherson, 1994 Munididae AY351165 AY350997
Munida spinifrons Henderson, 1885 
MZUSP 28422

Munididae MT320101 - 
Present work

_

Munida spinosa Henderson, 1885 Munididae AY700162 AY700179
Munida stomifera Macpherson, Rodriguez-
Flores & Machordom, 2017

Munididae KY230475 _

Munida stia Macpherson, 1994 Munididae AY351170 _
Munida taenia Macpherson, 1994 Munididae AY351177 AY351008
Munida thoe Macpherson, 1994 Munididae AY351182 DQ011205
Munida tiresias Macpherson, 1994 Munididae AY351183 AY351014
Munida tuberculata Henderson, 1885 Munididae AY351184 AY351015
Munida tyche Macpherson, 1994 Munididae AY351186 AY351017
Munida valida Smith, 1883 Munididae JN800548 KX022479
Munida zebra Macpherson, 1994 Munididae AY351192 AY800054
Outgroup
Paramunida pictura Macpherson, 1993 Munididae AY351210 AY351039
Plesionida aliena (Macpherson, 1996) Munididae _ AY351061
Munidopsis senticosa Rodriguez-Flores, 
Macpherson & Machordom, 2018

Munidopsidae MG979476 _

Fennerogalathea ensifera Rodriguez-Flores, 
Machordom & Macpherson, 2017

Galatheidae KY230489 KY230489

Porcellana sayana (Leach, 1820) Porcellanidae MF490163 MF490063

*Type species. Species with register to São Paulo state are shown in bold. The following sequences 
are on GenBank as aMunida subrugosa, bMunida rubrodigitalis
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pairwise comparisons using uncorrected p-distances with the software Mega 6.0 
(Tamura et al. 2013).

14.3  Results

Both analyzed  genes showed little saturation [Index of substitution saturation 
(Iss) < Critical Index of substitution saturation (Iss.c), P < 0.001, data not shown], 
indicating that the data are robust enough for phylogenetic reconstruction. Similar 
phylogenetic topologies were generated with both genes, 16S rRNA and COI 
mtDNA, individually (data not shown) or concatenated (Fig. 14.1). In general, most 
external branches showed no bootstrap support, while internal branch supports var-
ied from 50% to 100%.

Based on the dataset we produced and that were able to access, neither Munida 
nor Agononida species formed a monophyletic clade. Most of Agononida species 
were recovered as single lineage with low bootstrap (62%). This clade includes 

Fig. 14.1 Phylogram based on maximum likelihood analysis of 16S rRNA and COI mtDNA con-
catenated dataset. Sequences generated by the present work are represented by an asterisk (*). 
Numbers are significance values after 1000 bootstraps. Values below 50% are marked with a 
white circle
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Paramunida pictura and is close related to Babamunida callista, Plesionida aliena, 
and six of the Munida species. Hereafter we will name these groups “Munida group” 
and “Agononida group”.

Overall genetic distance among the total 16S rRNA dataset was 11.5%, while 
pairwise distances ranged from 10.3% (Agononida versus Paramunida) to 21.3% 
(Babamunida versus Munida) (Table  14.2). Overall genetic distance estimated 
within Agononida specimens analyzed  was 8.3%, ranging from 1.4% (A. alisae 
versus A. marini) to 9.6% (A. marini versus A. ocyrhoe) (data not shown). A similar 
overall genetic distance within Munida specimens was observed (8.8%), ranging 
from 1.4% (M. rhodonia versus M. benguela and M. compressa) to 16.8% 
(M. alonsoi versus M. flinti and M. flinti versus M. pusilla) (data not shown).

Considering the COI mtDNA dataset, the overall genetic distance among the 
Munididae analyzed  was 16.5%, while pairwise distances ranged from 10.3% 
(Agononida versus Paramunida) to 20.4% (Babamunida versus Paramunida) 
(Table 14.3). The genetic distance estimated between the two species of Agononida 
analyzed  was 3% (A. africerta versus A. indocerta) (data not shown). Genetic 
distance within Munida specimens was higher (15.4%), ranging from 1.9% 
(M. benguela versus M. congesta and M. rosula) to 23.4% (M. acantha versus 
M. forceps) (data not shown).

Regarding the species with distribution registered to São Paulo coast, we gener-
ated new sequences for the species Agononida longipes, Munida flinti, M. constricta, 
M. forceps, M. spinifrons, and the first South Western Atlantic sequence of 
M. microphthalma. Within the “Munida group”, M. microphthalma form a sister 
clade to M. constricta. M. spinifrons specimens cluster together with M. pusilla (16S 
rRNA pairwise genetic divergence between 6.2%). Both M. flinti specimens are 
placed in the “Agononida group”, so as M. forceps. These relations were also present 
in the single gene topologies (data not shown).

1 2 3 4 5 6 7

1. Porcellana sayana - - - - - - -

2. Fennerogalathea ensifera 0.181 - - - - - -

3. Munidopsis senticosa 0.180 0.174 - - - - -

4. Babamunida callista 0.216 0.182 0.193 - - - -

5. Paramunida pictura 0.214 0.150 0.171 0.133 - - -

6. Agononida 0.207 0.172 0.184 0.115 0.103 - -

7. Munida 0.185 0.137 0.170 0.138 0.130 0.135 -

Table 14.2 Genetic divergence matrix (p-distances) of the 16S rRNA gene between Munididae 
(Babamunida, Paramunida, Agononida, and Munida, highlighted) and among each target genera 
(Agononida and Munida) and other selected outgroups (Porcellanidae, Galatheidae, and 
Munidopsidae). Upper and lower values are shown underlined
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14.4  Discussion

Molecular phylogenies has been made focusing on Pacific Munididae species, and 
less focus have been given to other areas (Machordom and Macpherson 2004; 
Cabezas et al. 2011; Palero et al. 2017). This is the first molecular analysis focused 
specifically in munidids squat lobster from Brazil and São Paulo, generating molec-
ular sequences and integrating it with publicly available data. Our results indicate a 
clear taxonomy inconsistency in the family. We were able to readily confirm some 
recent crown groups, but others showed some intriguing positioning of specific spe-
cies that were pointed but not fully discussed due the scope of our research, but we 
pointed guidance for future studies. Our tree shows a clear recognition of São Paulo 
species accessed herein (Agononida longipes, Munida flinti, M. microphthalma, 
M. spinifrons, M. constricta, M. forceps).

Molecular markers, such as mitochondrial DNA(mtDNA), are commonly used 
to differentiate species in crustaceans and other invertebrates (Hebert et al. 2003; 
Lefébure et al. 2006). A common genetic divergence threshold to delimit species in 
decapod crustaceans is 3% COI, but it can vary depending on the group (Lefébure 
et al. 2006; Silva et al. 2011). In squat lobsters, these values are around 6% for COI 
(Machordom and Macpherson 2004; Cabezas et al. 2011).

Even though Munida is the most diverse genus of squat lobsters worldwide 
(Baba et al. 2008), with 353 accepted species (WoRMS 2020b), there is extreme 
morphological stasis and a high degree of intraspecific variations (Melo-Filho and 
Melo 1998). Thus, morphological studies are challenging, but also have led to the 
detection of cryptic species (Macpherson and Machordom 2005). In this sense, it is 
not surprising that morphological descriptions may assign a specimen to a species, 
but showing later disagreement with molecular data. Here, individuals preliminar-
ily  assigned to M. spinifrons using morphology were different species based on 
genetic data. One of them, after intense morphological analysis, revealed its real 

1 2 3 4 5 6 7

1. Porcellana sayana - - - - - - -

2. Fennerogalathea ensifera 0.220 - - - - - -

3. Babamunida callista 0.235 0.210 - - - - -

4. Paramunida picta 0.215 0.201 0.204 - - - -

5. Plesionida aliena 0.232 0.212 0.187 0.176 - - -

6. Agononida 0.217 0.193 0.167 0.136 0.148 - -

7. Munida 0.218 0.189 0.198 0.171 0.177 0.171 -

Table 14.3 Genetic divergence matrix (p-distances) of the COI mtDNA gene between Munididae 
(Babamunida, Paramunida, Plesionida, Agononida, and Munida, highlighted) and other selected 
outgroups (Porcellanidae and Galatheidae). Upper and lower values are shown underlined
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identity as M. constricta. As an example of phenotypical similarity and intraspe-
cific variation on Brazilian species, previous morphological comparison made by 
Melo-Filho and Melo (2001a) revealed similarities of M. spinifrons to M. angulata 
and M. petronioi. Populations of M. spinifrons at the southern and northern ends of 
distribution (Florida, Espirito Santo, Rio de Janeiro, and São Paulo) are very simi-
lar (little spine-like rostrum and most individuals with two spines in the anterior 
branchial region), and, on the other hand, the populations of northeastern Brazil 
have individuals with a strongly spinous face and, generally, with a thorn in the 
anterior branchial region. In this case, intraspecific variation coupled with overlap-
ping distribution with other similar species may lead to wrong identification. Subtle 
morphological differences might be unnoticed until molecular data leads to taxo-
nomic uncertain (Poore and Andreakis 2012). Nevertheless, there are cases like the 
recognized species M. gregaria and M. subrugosa that show no differences based 
on molecular data, but species are phenotypically distinct (Perez-Barros et  al. 
2008). Integrating different data types may also result in synonym as in the case of 
M. rutllanti and M. speciosa (Rodríguez-Flores et al. 2019).

According to morphological revision by Melo-Filho and Melo (2001a), 
M. constricta occurs in the São Paulo coast, and this species is morphologically 
similar to Munida miles A. Milne-Edwards, 1880 from Gulf of Mexico. Besides, 
the clade formed between M. spinifrons and M. pusilla (sequence from GenBank) 
is supported by morphological similarities previously pointed by Melo-Filho and 
Melo (2001a), being the second one differentiated by a shorter rostrum with dis-
tinct spinulation, post-cervical spines, and spinulation of third maxilliped, and 
fingers are distinctly shorter than the palms and distribution in the northeastern of 
Brazil (Pará). We confirmed the distribution of M. microphthalma in the Gulf of 
Mexico (GOM) and South Atlantic. Our individual from the coast of São Paulo 
falls in a clade with another individual from GOM and presents low genetic diver-
gence between them, which supports affirming that this species presents a wide 
range of distribution.

Our analysis places Munida flinti and M. forceps at the “Agononida group”, 
together with Babamunida, Paramunida, and Plesionida, a relation that deserves 
further investigation. Based on morphological evidence, M. flinti is closely related 
to M. benedict Chace, 1942, M. stimpsoni A. Milne-Edwards, 1880 and M. striata 
Chace, 1942 (see Melo-Filho and Melo 2001a), but those could not be confirmed 
due to the absence of sequences from the above-mentioned species. Munida forceps 
was herein phylogenetically contextualized, and the proximity with Plesionida has 
no morphological support.

Our data points to a major revision within Munididae. Previous studies have 
indicated a lack of resolution in deep relationships (Machordom and Macpherson 
2004; Cabezas et al. 2011; Rodríguez-Flores et al. 2019) and also indicated poly of 
paraphyletic groups within the group (Bracken-Grissom et al. 2013). Specifically, 
the genus Munida has been under debate since it was split into different genera, e.g. 
Agononida Baba and de Saint Laurent, 1996, Crosnierita Macpherson, 1998, 
Enriquea Baba, 2005, Munida Leach, 1820, Paramunida Baba, 1988, and 
Raymunida Macpherson and Machordom, 2000. Even though some of them are 
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recovered as monophyletic (Machordom and Macpherson 2004; Cabezas et  al. 
2008), questions remain on the evolutionary relationships of the genera within 
Munididae (Cabezas et  al. 2008, 2010, 2012; Poore and Andreakis 2012). 
Considering the current intense work on squat lobster, further studies should com-
pile all this data and explore the phylogeny of Munididae using all datasets available.

This study represents the initial results on documenting some squat lobsters’ 
biodiversity under a long-term multidisciplinary project in the state of São Paulo 
and Brazil. Combining morphological and molecular data, we shed light on possible 
taxonomic inconsistencies in Munididae that can be used as a starting point to fur-
ther studies, particularly among the Brazilian members that are poorly known 
regarding molecular contextualization.
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Chapter 15
Biology and Distribution of Agononida 
longipes (Crustacea, Decapoda, Munididae) 
in the Colombian Caribbean Sea

M. Fierro-Rengifo, N. H. Campos-Campos, and C. M. López-Orozco

Abstract A total of 806 specimens of Agononida longipes (A.  Milne-Edwards, 
1880), munidid crustaceans of the order Decapoda, were collected in 1998 and 2001 
along the Colombian Caribbean coast. These samples were used to determine bio-
logical aspects and distribution patterns of the species. A population analysis was 
conducted based on the length of the carapace, sex ratio, number of ovigerous 
females, average number of eggs, and occurrence of parasitism. These data were 
compared with the geographic distribution and bathymetry. Results showed differ-
ences in sex ratio and higher abundance levels north of the Magdalena River mouth. 
This could result from abiotic factors such as differences in salinity and temperature 
due to the prevalence of seasonal upwelling in the northern Colombian Caribbean 
Sea, as well as the origin and type of sediments and the amount of organic material. 
Morphometric evidence revealed sexual dimorphism in size, with females being 
larger than males and the largest individuals found at the greatest depths. The small-
est ovigerous female had 10.9 mm of carapace length, and 65.1% were carrying 
eggs. The number of eggs per female varied between 100 and 5953, with an average 
of 1360.3. The eggs were elliptical, with an average major axis of 0.56 and an aver-
age minor axis of 0.52 mm. Parasitism was low at 3.1% for isopods and 1.0% for 
rhizocephalan.

Keywords Sex ratio · Fecundity · Parasitism · Eco-region · Continental slope
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15.1  Introduction

Decapod crustaceans of the family Munididae are one abundant and rich anomuran 
mega-epibenthic group found on the seafloor and continental slope of the Colombian 
Caribbean coast (Navas et al. 2003; Campos et al. 2005). The species of this family are 
important benthic predators and detritivores. They are potential transporters of organic 
carbon to nearby communities, performing a stabilizing role in the benthic food chain 
(Chevaldoneé and Olu 1996). Little is known about the biological characteristics of 
the munidid populations (Hartnoll et al. 1992; Creasey et al. 2000), and what is known 
focuses on species of economic interest (Gutiérrez and Zuñiga 1977; Serrano-Padilla 
and Aurioles-Gamboa 1992; Roa 1993; Wolff and Aroca 1995; Roa and Tapia 1998).

Benedict (1902) was one of the earliest researchers to study the biological aspects 
and development of munidids belonging to the genera Munida Leach, 1820, and 
Munidopsis Whiteaves, 1874, in which differences in egg size were observed. Rayner 
(1935) studied the distribution, growth, larval development, and occurrence of para-
sites in species of Munida. Wenner and Windsor (1979) reported cases of parasitism 
in three species of Munididae: Munida iris A. Milne Edwards, 1880, Munida microph-
thalma A. Milne Edwards, 1880, and Agononida longipes (A. Milne-Edwards, 1880), 
infested with bopyrid isopods. Van Dover and Williams (1991) found a correlation 
between the cephalothorax size of females and egg size. Sanz-Brau et al. (1998) stud-
ied biological aspects such as individual size, abundance of ovigerous females, and 
sex ratio of Munida rutllanti Zariquiey Álvarez, 1952, collected off the coast of 
Valencia. Studies carried out in North America by Williams and Brown (1972) on 
M. iris and by Wenner (1982) for two other species of Munida revealed information 
on size, sexual dimorphism, sex ratios, reproductive seasonality, and parasitism.

Studies on the biology of A. longipes are scarce. Wenner and Windsor (1979) 
noted the presence of the bopyrid isopod parasite Munidion sp. and Wenner (1982) 
reported on the geographic and depth distribution, sexual composition, and maturity 
of A. longipes as well as occurrence of parasitism along the eastern North American 
coast. Studies conducted on the continental Colombian Caribbean coast revealed 
new data about the biology of the species and presence of at least two different 
populations, suggesting that the Guajira and Darién eco-regions populations have 
important morphological and biological differences (Bermúdez-Tobón 2007). This 
study contributes to the knowledge of the life history of A. longipes on the continen-
tal Colombian Caribbean by providing information about abundance, distribution, 
and population characteristics. Also, data on size and sex ratio, incidence of parasit-
ism, of ovigerous females, size, and number of eggs are provided.

15.2  Methods

According to Díaz and Acero (2003), the Colombian Caribbean Coast was divided 
into seven eco-regions: (1) Guajira (GUA), an area with seasonal upwelling and 
wide continental shelf covered with extensive seagrass and algal beds in the 
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shallower parts; (2) Palomino (PAL), influenced by several streams and small rivers 
that drain the northern ranges of the Sierra Nevada de Santa Marta; (3) Tayrona 
(TAY), hilly and mountainous coast, with a very narrow continental shelf and a 
minor seasonal upwellings; (4) Magdalena (MAG), highly influenced by the 
Magdalena River discharge that incudes heavy sediment loads; (5) Golfo de 
Morrosquillo (MOR), influenced by discharges from the Canal del Dique and the 
Sinú River; (6) Archipiélagos Coralinos (ARCO), with clear waters, high species, 
and habitat diversity, including coral reefs, seagrass beds, bioclastic sand flats, and 
fringing mangroves along some islands; and (7) Darién (DAR), with wide continen-
tal shelf, mainly terrigenous muds and high influence of mainland discharges, pre-
dominantly turbid waters.

We collected 160 trawl samples in 1998 (1 October – 7 December), 1999 (8–15 
April), 2000 (1–3 September), and 2001 (14–31 march), at 80 different localities, 
ranging from 300 to 500 m depth, in three stations at each eco-region (Fig. 15.1), as 
part of Macrofauna I and II expeditions of the Museo de Historia Natural Marina de 
Colombia (MHNMC), aboard the R/V “Ancón” at each eco-region in the Colombian 
Caribbean.

Fig. 15.1 Distribution and abundance of Agononida longipes individuals estimated as catch per 
unit of effort at each station on a 20-minute trawling along the Colombian Caribbean coast. GUA 
Guajira, PAL Palomino, TAY Tayrona, MAG Magdalena, ARCO Archipiélagos Coralinos and 
DAR Darien
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The collections were made using a semi-balloon bottom trawl with two “V” type 
metallic doors (91 cm × 63 cm) and a 9 m (estimated 70% during the trawling) 
mouth aperture. At each station, trawling was performed twice (back and forth), 
lasting 10 min each, at about 5.6 km/h. We sorted and counted A. longipes speci-
mens in each sample and indirectly estimated the abundance as catch per unit of 
effort at each station as individuals on a 20-minute trawl.

Sampling data (locality, depth, sediments, and abundance data) were summa-
rized in a georeferenced map using ESRI ArcGIS ver. 8.2 software. Sediment type 
was assigned according to a map produced by the Centro de Investigaciones 
Oceanográficas e Hidrográficas del Caribe (CIOH 1990).

The specimens were separated by sex (male, non-ovigerous females, and oviger-
ous females), counted, measured, and deposited at the Museo de Historia Natural 
Marina de Colombia.

Carapace length without rostrum (CL) was measured to the nearest 0.01 mm 
from the posterior margin of the orbit to the posterior margin of the carapace. These 
data were used to establish the median, minimum, maximum, average, and standard 
deviation of CL for males, females, and ovigerous females. The normal distribution 
of the data was evaluated using the Kolmogorov-Smirnov test. Comparisons of CL 
between depths (300–500  m) and eco-regions were conducted among groups of 
specimens using Analysis of Variance (ANOVA) or Kruskal-Wallis tests with an α 
of 0.05 by the software Systat 9 (SPSS) and Statistica 6.0 (Statsoft Inc.).

The female proportion was determined for the entire survey (all samples), in 300 
and 500 m depth stations, and in the eco-regions, using the equation proposed by 
Creasey et al. (2000), S0 = (M – F)/(M + F), where M = number of males in the 
sample and F = number of females in the sample. To determine if the proportion of 
sexes differs from the expected ratio (1:1), we used X2 tests with a significance level 
α = 0.05 (Zar 2010).

The sex ratio was obtained for each 2 mm CL interval, and the equation proposed 
by Creasey et al. (2000) was applied. Also, the ratio females/ovigerous females was 
categorized by CL size, using the following modification of the Creasey et al. (2000) 
equation, So = (F – Fov)/(F + Fov), where F = number of non-ovigerous females and 
Fov = number of ovigerous females. Comparisons were performed using ANOVA 
(α = 0.05).

Fecundity was estimated using a linear regression equation:

 Y � � � �m l b3  

where Y = total eggs in an ovigerous female, b = 99.77, m = 4.90, and 3 l = number 
of eggs in a third left pleopod, with a correlation indices r2 = 0.955 (Fierro 2004).

The average size of the eggs was established by measuring the maximum and 
minimum diameters of 15 eggs from the third left pleopod of each randomly selected 
female. The mean and standard deviations of the longest and shortest diameters 
were established.

The incidence of parasites (%) was determined by direct observation, either as 
bopyrids or Rhizocephala. For the specimens that were infested with bopyrids, sex 
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of the specimen was recorded. The length of bopyrids was measured from the 
cephalic region to the posterior edge of uropod’s according to the methodology 
proposed by Wenner and Windsor (1979). CL was calculated for both the host and 
the parasite. Because the bopyrids produce morphological changes in the carapace 
and rhizocephala induce sex reversion in infested specimens, we excluded them 
from the comparative analysis between depth, eco-regions, and sex groups.

15.3  Results

15.3.1  Abundance

A total of 806 specimens of A. longipes were collected, 743 individuals at 300 m 
depth sector (364 M, 123 F, 256 Fov), and 63 individuals at 500 m depth (26 M, 22F, 
15Fov), from predominately muddy seafloor (Fig. 15.1).

The highest estimated abundance (as catch per unit of effort at each station as 
individuals on a 20-minute trawl) occurred in the northern eco-regions, GUA (36%), 
PAL (23%), and TAY (21%). MAG eco-region, with the influence of the Magdalena 
River, accounted for 17%. The southern eco-regions had less number of specimens, 
ARCO 1%, and DAR 2% (Table 15.1).

15.3.2  Carapace Length

We measured the carapace length (CL) of 793 individuals of Agononida longipes 
collected along de Colombian Caribbean Sea in 80 stations. Ovigerous females had 
the longest CL with a median of 15.6 mm (min 10.9 – max 20.2, avg. 15.6 ± 1.8), 
followed by the males 14.4 mm (min 5.5 – max 21.0, avg. 13.6 ± 3.1), and non- 
ovigerous females 12.2 mm (min 6.7 – max 20.6, avg. 12.1 ± 3.1).

Table 15.1 Abundance of sex groups of Agononida longipes by depth (300 and 500 m depth) and 
for eco-regions (GUA Guajira, PAL Palomino, TAY Tayrona, MAG Magdalena, ARCO Archipiélagos 
Coralinos, and DAR Darien) estimated as catch per unit of effort (individuals for a 20-minute trawl)

GUA PAL TAY MAG ARCO DAR 300 m 500 m Total

M 142 93 84 59 4 8 364 26 390
F 55 40 21 26 1 2 123 22 145
FOV 93 56 62 50 0 10 256 15 271
% 36 23 21 17 1 2
300 m 290 154 167 134 4 18 743
500 m 21 35 0 1 1 2 63
Total 290 189 167 135 5 20 806
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The smaller sizes were found in the non-ovigerous female group, with the group 
from 300 m depth sector with a CL average significantly smaller than the specimens 
from 500 m (F = 12.17 p = 0.001). The smallest sizes were dominant at 300 m deep 
(n = 114), mainly in the CL-class intervals between 8 and 14 mm. The largest sizes 
were dominant at 500-m-deep sector (n = 22), with the greatest frequency between 
12 and 16 mm CL-class intervals (Fig. 15.2).

Males had non-normal distribution (d = 0.10820, p < 0.01), and normal distribu-
tions were found in non-ovigerous and ovigerous females CL (d = 0.11108, p < 0.1; 
d = 0.03703, p < 0.20) (Fig. 15.3). The LC media in males for all ecoregions was 
found in the range of 12–16 mm without significant differences. Non-significant 
differences in LC were found in non-ovigerous females between ecoregions, and the 
media was found in the range of 14–16 mm. Significant differences were deter-
mined in the LC of the ovigerous females between ecoregions, separating the GUA 
ecoregion from the others (F = 12,768 p = 0,0) (Table 15.2). Ovigerous females in 
GUA with LC distributed between 10 and 20 mm, unlike those that were collected 
to the south, where the data is concentrated in larger sizes, mainly in the MAG 
ecoregion. This, together with PAL and TAY, have ranges of similar sizes, and TAY 
presents the narrowest interquartile range in the area (GUA 13.63–15.73 mm, PAL 
14.91–17.51   mm and TAY 14.43–16.89 mm). The medians in this group of ecore-
gions are in the range of 14.5–17.5 mm. Smaller ovigerous females were found in 
the GUA ecoregion, where sizes were mainly concentrated between the 12–17 mm 
intervals, while in the other ecoregions the highest frequencies of ovigerous females 

Fig. 15.2 Distribution of abundances of the carapace length (CL) intervals of 2 mm for individu-
als in stations of 300 and 500 m depth
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are found from approximately 15–19 mm. Due to the small number of individuals 
collected in DAR (10 female ovigerous), the size range may possibly widen 
(Fig. 15.3).

15.3.3  Sex Ratio

The F:M sex ratio of A. longipes indicates a deviation (−0.03) of the expected ten-
dency 1:1 in favor of females (51% female and 49% male), but this was not signifi-
cant between eco-region or depth categories. GUA and PAL, however, had the 

Fig. 15.3 Distribution of abundances of the carapace length of individuals in stations of the eco- 
regions GUA Guajira, PAL Palomino, TAY Tayrona, MAG Magdalena, ARCO Archipiélagos 
Coralinos, and DAR Darien

Table 15.2 Comparison of carapace length (CL) for ovigerous females of Agononida longipes 
between eco-regions (three station by eco-region)

Eco-regions
GUA PAL TAY MAG DAR
(14.7 mm) (16.3 mm) (15.8 mm) (16.1 mm) (17.2 mm)

GUA 0.000* 0.003* 0.000* 0.006*
PAL 0.501 0.974 0.719
TAY 0.896 0.302
MAG 0.546

Average CL (mm) in parenthesis. (*) significant differences. Data are p – values
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largest number of females compared to males (sex ratio deviation of −0.3 and -0.1, 
respectively), increasing slightly in favor of males from north to south (Table 15.3), 
reaching its highest value in the ARCO eco-region (0.5). Predominance of males 
was observed in small sizes and up to approximately 11 mm CL (Fig. 15.4). Beyond 
that size value, females dominated and reached a maximum of 75% of the popula-
tion in the 18–20 mm size range.

Of the females considered at the 300 m depth (n = 382), 67.8% were ovigerous 
females (Table 15.4). The smallest proportion was found in the DAR eco-region 
(−0.8), followed by the TAY eco-region (−0.5) with negative values suggesting a 
tendency of deviation from the 1:1 ratio in favor of ovigerous females in the largest 
size range (Fig. 15.5).

Table 15.3 Male/female proportion 
of Agononida longipes by eco-region 
and depth

Eco-region
Proportion
300 m 500 m

GUA 0.0 −0.3
PAL 0.0 −0.1
TAY 0.0 0.0
MAG −0.1 −1.0
ARCO 1.0 0.5
DAR −0.1 −1.0
Total N 742 67

Negative values indicate a deviation of the 
expected tendency 1:1  in favor to females. 
GUA Guajira, PAL Palomino, TAY Tayrona, 
MAG Magdalena, ARCO Archipiélagos 
Coralinos, and DAR Darien

Fig. 15.4 Sex ratio of Agononida longipes for each size class (carapace length, CL). The negative 
values indicate a deviation of the expected tendency 1:1 in favor to females
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15.3.4  Fecundity

Of 416 females, 271 were ovigerous. At 300-m-depth sector, most of the females 
(379 ind) were carrying eggs (256). Thirty-seven females were collected at 500 m 
depth, of which 40.5% were ovigerous (Table 15.1). The smallest ovigerous female 
(GUA, 300  m depth) had CL 10.9  mm. The number of eggs per female varied 
between 100 and 5953, with an average of 1360.3 ± 53.6. CL values and numbers 

Table 15.4 Proportion of 
non-ovigerous females/
ovigerous females of 
Agononida longipes by 
eco-region and depth

Eco-region
Proportion
300 m 500 m

GUA −0.4 0.7
PAL −0.2 −0.1
TAY −0.5 0.0
MAG −0.4 −1.0
ARCO 0.0 1.0
DAR −0.8 −1.0
Total N 382 37

Negative values indicate a devia-
tion of the expected tendency 1:1 in 
favor to ovigerous females. GUA 
Guajira, PAL Palomino, TAY 
Tayrona, MAG Magdalena, ARCO 
Archipiélagos Coralinos, and 
DAR Darien

Fig. 15.5 Proportion of non-ovigerous females: ovigerous females vs. carapace length (CL) inter-
vals of 2 mm. The negative values indicate a deviation of the expected tendency 1:1 in favor to 
ovigerous females
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of eggs were poorly correlated (r2 = 0.30). The eggs of A. longipes were elliptical, 
with an average major axis of 0.56  ±  0.003  mm and an average minor axis of 
0.52 ± 0.002 mm.

15.3.5  Parasite Infestation

Twenty-five specimens of A. longipes (CL 10.6–19.3 mm) were infested by bopyr-
ids (3.1% of total) and eight by Rhizocephala (CL 13.8–21.0 mm, 1.0% of total). 
Fourteen bopyrids were located in the left branchial cavity and three in the right 
branchial cavity. The length of bopyrids was determined in only nine females (CL 
between 0.7–1.33  cm) and two males (CL 0.19 and 0.39  cm, respectively). A 
deformed cephalothorax in several samples suggested the presence of parasites that 
were not found attached to the specimen. We found specimens parasitized by bopyr-
ids in GUA, PAL, and DAR and by rhizocephala in all eco-regions except 
DAR. Statistical differences between ecoregions and depth sectors were not calcu-
lated because of the number of specimens was not enough.

15.4  Discussion

15.4.1  Abundance

Similar to what has been reported for the tropical western Atlantic, A. longipes was 
one of the most common species of galatheids along the continental Colombian 
Caribbean (Wenner 1982; Pequegnat and Pequegnat 1970). This species has been 
commonly collected with Munida flinti Benedict, 1902 and Munida stimpsoni 
A. Milne-Edwards, 1880 in the continental slope (Melo-Filho and Melo 2001). No 
specimens were found at such shallow depths as those recorded by Takeda and 
Okutani (1983) for Suriname and French Guiana, where it occurs at 40 m. This spe-
cies usually prefers the upper continental slope, between 270 and 729 m (Pequegnat 
and Pequegnat 1970; Melo-Filho and Melo 2001).

The relative abundance of A. longipes (as catch per unit of effort at each station 
as individuals on a 20-minute trawl) was higher in stations in the north of the study 
area (GUA, PAL, and TAY), region under the influence of seasonal upwellings 
(Lozano-Duque et al. 2010). In PAL eco-region, most of the specimens of A. lon-
gipes were collected in 300  m in an area where large amounts of decomposing 
Thalassia testudinum K.D.Koenig, 1805, and pieces of wood were recovered, which 
might favor the presence of A. longipes considering that species of Munididae are 
known to be omnivorous (Garm and Høeg 2000). The high degree of physicochemi-
cal disturbance and instability of seabeds caused by continental waters and the vast 
amounts of silt deposited by the rivers Sinú and Magdalena may cause the low 
abundance of this species in the eco-regions MAG, MOR, and DAR.
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Based on morphometric and genetic data, Bermúdez-Tobón (2007) postulated that 
one of the main factors affecting the distribution of A. longipes is the oceanic current 
pattern. Indeed, the Caribbean currents and countercurrents disperse the planktonic 
larvae of A. longipes and other species along the coast and offshore in the north.

15.4.2  Carapace Length

The size variation between sexes could be a factor that defines the differences in the 
abundance of males and females in the A. longipes populations in the Colombian 
Caribbean Sea as was shown by Wenner (1972), Palma and Arana (1996), and 
Creasey et  al. (2000) in other regions. In the present study, males smaller than 
11 mm were proportionally more abundant than females, the latter being dominant 
in larger sizes. As seen in some other crustaceans (Wenner 1972; Hartnoll et  al. 
1993), it is possible that the male proportions were relatively uniform among the 
smaller sizes but became smaller with growth.

Hartnoll et  al. (1993) postulated that mortality rates could influence the ratio 
towards larger females since the reduction in male survival in the adult stage caused 
by the increase in susceptibility to predation would reduce the total male population 
(Wenner 1972; Sastry 1983; Hartnoll et  al. 1993; Turra and Souza 2003). 
Susceptibility to predation is linked to the development of secondary sexual charac-
ters in males, such as the large, more prominent claws, limiting the ability to be 
easily camouflaged and escape predators. This would result in higher survival rates 
for females in the adult stage (Hartnoll et al. 1993).

The average sizes for ovigerous females, non-ovigerous females, and males 
showed significant differences, with ovigerous females having the largest average 
size followed by males and non-ovigerous females. This tendency of females to 
dominate the largest size classes, beginning at approximately 11 mm, suggests dif-
ferent growth rates among males and females, similar to what has been reported for 
other species (Wenner 1972; Petriella and Boschi 1997; Creasey et al. 2000).

The abiotic factors also have an effect on biomass and size in crustaceans. 
Petriella and Boschi (1997) demonstrated that specimens of the same age have dif-
ferent weights and sizes resulting from different environmental conditions and the 
availability of food, among other factors. The growth rate varies with the animal 
age. In early stages of development such as postlarva, juveniles, and subadults, the 
growth is variable, moulting is frequent, and intermoulting is similar between males 
and females (Hartnoll 1983; Petriella and Boschi 1997; Gramitto and Froglia 1998).

15.4.3  Sex Ratio

Because crustaceans have a pair of heteromorphic sexual chromosomes, it is 
expected to observe a 1:1 sex ratio in eggs produced (Ginsburger-Vogel and 
Charniaux-Cotton 1982; Creasey et al. 2000). However, the results of the present 
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study show that the abundance and sex ratio can vary between regions, depending 
on their oceanic and ecological characteristics and the adaptations of the species. 
Likewise, in other studies, we found the same tendency, such as in the middle 
Atlantic Bight, where Wenner (1982) reports a significant trend for a higher number 
of females of galatheids. Conversely, when we analyze the sex ratio for A. longipes 
by depth, no significant differences were found from the expected ratio 1:1; this 
could indicate homogenous environmental conditions, which are common in deep- 
sea environments (Sastry 1983). The variations between eco-regions were less than 
changes by depth.

15.4.4  Fecundity

At 300  m in the northern region of the Colombian Caribbean Sea, A. longipes 
showed a major concentration of ovigerous females in GUA and TAY but without 
significant difference, suggesting the presence of a “nursery” zone. The greater 
abundance of ovigerous females is associated with high productivity zones, which 
would assure feeding benefits for the parents and the larvae (Aurioles-Gamboa and 
Pérez-Flores 1997).

The number of eggs in A. longipes was below those reported by Wenner (1982). 
Studies on Munida rugosa suggest that a kind of strategy of reproduction is to pro-
duce incomplete masses of eggs to attract males by a chemical signal. Beforehand, 
when the males are ready to mate, the females produce a complete egg mass at the 
same time for fecundation (Tapella et al. 2002). Otherwise, the number of eggs can 
vary due to accidental losses caused by incomplete fertilization (Chacur and 
Negreiros 1999) or by spawning before collection. It is expected that females with 
larger CL bear larger egg masses (Tapella et al. 2002) because they have a larger 
abdominal volume, which implies a higher capacity to carry egg masses (Clarke 
1993; Chacur and Negreiros 1999). However, in this study, no significant relation-
ship was found between CL and the number of eggs. Although Sastry (1983) justi-
fies this by reporting that these relations are not very clear in some species, it is 
possible that the collection process and handling of specimens caused a significant 
loss of eggs.

Considering the morphology of the egg and the development of the larva 
(Thorson 1950), A. longipes has a planktotrophic reproductive mechanism with 
small eggs forming large masses, similar to species of the genus Munida (Gore 
1979; Konishi and Saito 2000). This mechanism is efficient when food availability 
is optimal (Wilkens et  al. 1990; Gómez-Gutierrez and Sánchez-Ortiz 1997), and 
predation is low (Vance 1973a, b). It is simultaneously determined by external fac-
tors such as temperature and salinity (Sulkin 1978; Christiansen and Anger 1990).

The size of the eggs is the first variable that allows the prediction of fecundity 
patterns, dispersion, and general ecology of the larvae (Vance 1973a, b; Hines 1986) 
and is not determined by the habitat (Van Dover and Williams 1991). For spherical 
eggs, the approximate egg diameter of species with planktotrophic development is 
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0.6 mm, and minimum conditions are required to carry out the biochemical pro-
cesses needed to form embryos (Van Dover and Williams 1991). In the present 
study, we found that the average diameter of eggs was less than 0.6 mm, and the 
number of eggs that could reach 5000 per female indicates that the dispersion strat-
egy could by planktotrophic. Similar data were found for A. longipes of the middle 
Atlantic, where the egg diameters are between 0.49–0.68 mm and 2693–9327 eggs 
per female (Wenner 1982).

15.4.5  Parasite Infestation

The species of Munida are known to be mainly infested by bopyridae (Malacostraca, 
Isopoda, Bopyridae) and rhizocephala (Cirripedia, Rhizocephala) (Reinhard 1958; 
Bourdon 1972; Williams and Brown 1972; Wenner and Windsor 1979; Wenner 
1982; Gore 1983; Markham 1988; Boyko and Williams 2011). Williams and Brown 
(1972) reported that 10% of specimens of Munida iris were infested by bopyridae 
on the continental platform off North Carolina. In contrast, the percentage of para-
site infestation found in the Colombian Caribbean Sea is low for A. longipes (2.1%). 
Additionally, the infested specimens of A. longipes showed a wide CL range, sug-
gesting that the presence of parasites does not interrupt, at least not completely, host 
development, as indicated by Creasey et  al. (2000) for Munidopsis scobina 
Alcock, 1894.

The presence of rhizocephala has been recorded in various species of galatheids 
such as Munida irrasa A. Milne Edwards, 1880, and G. rostrata A. Milne Edwards, 
1880 (Ritchie and Høeg 1981; Wenner 1982). For Agononida, the low level of infes-
tation reported in this study (0.9%) was less than that recorded for Munidopsis spp., 
1–5% (Wenner 1982; Creasey et al. 2000). It is possible that the rhizocephala inter-
rupted the sexual maturity process in the host specimens because the infested 
females showed sizes of reproductive maturity, yet had no eggs. This coincides with 
Creasey et al. (2000), who suggested that rhizocephala-infested smaller-sized speci-
mens (juveniles) induced maturity in the host, thereby allowing the parasite to 
reproduce first precisely in one of the most vulnerable moments in the host life 
cycle (ecdysis). The presence of rhizocephala induces the development of female 
characteristics in the host, directing parental care towards the parasite due to the 
imitation of the eggs mass (Ritchie and Høeg 1981; Creasey et al. 2000). This causes 
the inhibition of moulting and the delay or atrophy of the gonads (Petriella and 
Boschi 1997).

In this study the biological data of Agononida longipes from the continental 
slope of the Colombian Caribbean Sea are congruent with a population in good 
condition when compared to other areas at the Atlantic Ridge and with another spe-
cies of galatheids. This is important, due to the relevant role that galatheids play in 
benthic environments of the deep sea as detritivores, and also prey in the neotropical 
trophic nets.
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Chapter 16
King Crabs of Peruvian Waters During 
2003–2004: New Insights

J. Arguelles, P. Larriviere, S. Thatje, and M. Pérez

Abstract Important fisheries of lithodid crabs have been conducted mainly at high 
latitudes of both hemispheres. In waters of Peru, research and exploratory fishing 
began only in the 1970s, showing the existence of several species of lithodids, also 
known as king crab. An offshore exploratory fishery along the coast of Peru was 
developed in 2003–2004, and this study shows biological and fisheries aspects, 
which are potentially important for the development of a regional deep-water fish-
ery of king crab. The results show the predominance of Paralomis longipes contrary 
to the dominance of L. panamensis reported during a previous survey in 1997–1998. 
The king crab species found showed a wide bathymetric (500–1500 m) and latitudi-
nal distribution range. However, it is unknown how many stocks or genetic popula-
tions exist in waters off Peru. Higher relative abundances of P. longipes were 
estimated between March and October and in deeper waters (>1000  m), which 
might indicate seasonal bathymetric migrations as part of the life cycle. Males were 
larger than females, and a size at gonadal maturity of 88.4 mm carapace width was 
estimated for P. longipes females. The presence of parasitic rhizocephalans was 
observed in P. longipes, but not in L. panamensis and L. wiracocha, probably 
because of a preference of these parasites for P. longipes.
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16.1  Introduction

Lithodid crabs have a wide distribution worldwide and are found from the sublitto-
ral, 50–60  m for Cryptolithodes expansus (Kim and Hong 2000) to 3500  m for 
deep-sea Neolithodes sp. (Hall and Thatje 2011). They are typical inhabitants of 
cold and temperate-cold waters in both hemispheres (del Solar 1981). Their distri-
bution in shallow waters is limited by their thermal tolerance up to 13 °C, and deep 
and cold water species are excluded from the waters on the continental shelf (Hall 
and Thatje 2009; Hall and Thatje 2011). Of the at least 121 known species of litho-
dids (Hall and Thatje 2009a), the greatest diversity and most species (70%) are 
found in the North Pacific (Zaklan 2002; Stevens and Lovrich 2014). In South 
America, 34 species have been reported in 4 genera (23 Paralomis spp., 7 Lithodes 
spp., 3 Neolithodes spp., 1 Glyptolithodes sp. (Stevens and Lovrich 2014).

In Peruvian waters, investigations on lithodids began in 1971, when the first 
specimen of lithodid, a female of Glyptolithodes cristatipes (del Solar 1987), was 
captured on board the RV SNP-1 off Chicama port, at 693 m depth. Subsequently, 
other cruises were conducted aboard the trawlers “Wiracocha” and “Challwa japic 
N°1”, identifying the species Lithodes wiracocha for first time. So far, the presence 
of nine species of lithodids has been recorded of Peru: Glyptolithodes cristatipes, 
Lopholithodes diomedeae, Paralomis aspera, P. longipes, P. papillata, P. inca, 
Lithodes panamensis, L. wiracocha, and Neolithodes sp. (Haig 1974; del Solar 
1981; del Solar 1987). The highest concentrations were reported off Tumbes 
(03°30′S latitude), on a clay mud loaded with organic debris but without a sulfurous 
odor, and show an abundance decrease from north to south in the archibenthic area 
of Peru (del Solar 1981). In these areas where lithodids thrive, the temperature var-
ies between 5 °C at 1100 m and 8 °C at 500 m depth, and the oxygen level is greater 
than 0.70 mL/L at depths greater than 500 m (del Solar 1981).

From September 1997 to March 1998, the experimental fishing for alternative 
marine resources as “eels,” “king crabs,” “octopus,” “snail,” and “sea lamprey” was 
carried out on board the Korean ship “Moresko 1” from 8°40′S (Chimbote) to 
17°58′S (Ilo), between 18.5 and 90.7 km from the coast and from 628 to 1147 m 
depth. The captured king crabs were Lithodes panamensis, Paralomis diomedeae, 
Paralomis papillata, P. longipes, Lithodes wiracocha, and Glyptolithodes cris-
tatipes. A total of 507 kg of king crab were captured. The size range of crabs by 
species is shown in Table 16.1. The monthly relative abundance varied from 0 to 
0.81 kg/pot with highest values in October (Juarez et al. 1998).

In December 2005, a deep-water crab survey aboard research vessel IMARPE VI 
was conducted from 12°S to 15°S using a long-line with trap between 700 and 
1400 m. Four species were captured: Paralomis longipes, L. wiracocha, L. pana-
mensis, and P. diomedeae, with the dominance of P. longipes. The highest abun-
dances indexes were estimated at 14°S at two depth strata (700–1000 and 
1000–1400 m depth), while at 12°S the highest abundances occurred at 1000–1400 m 

J. Arguelles et al.



377

depth. Of the four captured species, P. longipes represented the 93,9% followed by 
L. panamensis (5.5%), P. diomedeae, and L. wiracocha. The size ranged from 111.8 
to 175.8 mm CW for L. panamensis and 83.4 to 147.6 CW for P. longipes, with 
largest size at deeper waters. The size for P. diomedeae and L. wiracocha were 99.6 
and 129.6 mm CW, respectively. The reported prevalence of parasite infestation was 
highest in P. longipes (7.2%) (Arguelles et al. 2014).

A deep-sea exploratory fishing of king crabs of the longest duration in Peruvian 
waters was conducted from December 2003 to October 2004. This was carried out 
aboard long-line vessels equipped with baited pots, and its objective was to deter-
mine the distribution, relative abundance, and biological characteristics of the crabs 
south of 7°S in Peruvian waters. The present paper presents the results of this 
exploratory fishing, monthly landings, size structure, and distribution of the main 
species of lithodids in the Peruvian deep sea.

16.2  Materials and Methods

16.2.1  Area and Period of Exploratory Fishing

Exploratory fishing was conducted using long-lines with baited pots off the Peruvian 
coast from 9°S to 16°S from December 2003 to October 2004. There was no estab-
lished sampling. The fishing was carried out in areas with good fishing conditions, 
that is, the presence of the resource and favorable fishing areas where the lines could 
be launched without running the risk of losing them due to entanglement with the 
rocky bottom.

Table 16.1 Size range of 
crabs reported during the 
experimental fishing on board 
the Korean ship “Moresko 1” 
from September 1997 to 
March 1998 in 
Peruvian waters

Specie Sex
Caparace width 
range (mm)

Lithodes panamensis Female 59–176
Male 105–181

Paralomis diomedeae Female 74–164
Male 58–174

Paralomis papillata Female 97–129
Male 105–137

Paralomis longipes Female 84–120
Male 90–126

Lithodes wiracocha Female 97–133
Male 88–148

Glyptolithodes 
cristatipes

Female 55–89
Male 50–100

16 King Crabs of Peruvian Waters During 2003–2004: New Insights
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16.2.2  Biological and Fisheries Data on Board

On board each long-line vessel, a scientific observer of the IMARPE registered the 
fishing and biological information. The catch was estimated for each set and/or fish-
ing day. The catch was estimated in number, while the catch in weight was esti-
mated by multiplying the weight (kg) of the fresh processed catch by the 
corresponding conversion factor. The conversion factor was estimated by dividing 
the total weight of ten whole individuals by the total weight of the legs of these 
individuals. This procedure was repeated several times, estimating an average. The 
geographical position and depth of each set were recorded. The effort was estimated 
in number of pots by set and soak time per set.

On board, crabs were identified at species level, and their size, as carapace width, 
was measured using a Vernier caliper to the nearest 1.0 mm. Their mass was weighed 
to the nearest 5 g. Samples of whole specimens were frozen for a later analysis in 
the laboratory.

16.2.3  Sample and Laboratory

In the laboratory, the frozen collected specimens were slowly thawed. After taxo-
nomic identification, the cephalothorax width was recorded using a caliper, and 
total mass, sex, gonad mass, presence of eggs, epibionts, and parasites were regis-
tered. The degree of fullness of the egg mass was determined using an arbitrary 
scale, I, empty with virginal setae; II, partially full; III, full; and IV, spawned.

16.2.4  Statistical Analysis

Statistical analyzes and some figures were made with the RStudio (R Core Team, 
2017), while the tables and some figures were performed using Microsoft Office 
Word and Microsoft Excel, respectively.

The mean size of sexual maturity in females was determined based on the pres-
ence of egg masses attached to the pleopods with fullness degree stage II and 
III. Maturity was estimated by fitting a logistic regression model to the proportion 
of mature females at a given CW (mm):
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where Ni is the predicted proportion of mature females at the i-size-interval and a 
and b are estimated parameters.

The capture per unit effort (cpue) was standardized using a GLM model.
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A Kruskal-Wallis test was performed in order to estimate differences of the mean 
size by latitude, month, and depth.

16.3  Results

16.3.1  Distribution and Relative Abundance

During the exploratory fishing, three species were recorded, Lithodes wiracocha, 
Lithodes panamensis, and Paralomis longipes. Paralomis longipes were distributed 
from 09°S to 16°S, Lithodes panamensis between 11°S and 14°S, and Lithodes 
wiracocha between 11°S and 12°S (Fig. 16.1). The CPUE by latitude, month, and 
depth is shown in Fig. 16.2. The highest median CPUEs were bigger than 2 crabs/
pot and occurred between 11°S and 15°S. The lowest mean average CPUEs were 
recorded from January to February, while from March to October, average CPUEs 
were bigger than 2.5 crabs/pot. Crab relative abundance increased with depth and 
peaked between 1000 and 1200 m (Fig. 16.2).

Fig. 16.1 Distribution of three king crab species, Paralomis longipes Lithodes panamensis and 
Lithodes wiracocha, during exploratory fishing carried out from December 2003 to October 
2004 in Peruvian waters. The red line indicates the isobath of 200 m as the limit of the continental 
shelf. The black point indicates the presence of king crabs
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16.3.2  Landing and Catch

The monthly catch of lithodids varied between 10 and 50 t from December 2003 to 
April–May 2004 and showed an increasing tendency. During June and July, land-
ings ranged between 24 and 26 t and decreased significantly in September. From 
March to July, the landing represented the 68% of total (Fig. 16.3). The soak time 
varied between 12.3 and 125.7 h, with a mean value of 32.6 h. The number of pots 
by set varied between 13 and 91 with an average value of 48 pots. Most sets used 
between 20 and 80 pots. The fishing depth varied between 345 and 1579 m, with an 
average value of 1125 m. Most sets were performed at depths between 1000 and 
1200 m (Fig. 16.4).

16.3.3  Size Structure

The size of P. longipes ranged between 58 and 148 mm CW. Size structure by sex 
showed differences; males were larger than females as they had an average size and 
maximum sizes greater than females. Both females and males presented a unimodal 
size distribution pattern (Fig. 16.5). The sizes by month did not show differences in 
females and males (Female Chi-square = 62.5, Males Chi-square = 884.6; p < 0.05). 

Fig. 16.2 Cpue estimates (Number of individuals/pots by latitude, month, and depth) of P. lon-
gipes during the king crab exploratory fishery carried out from December 2003 to October 2004 in 
Peruvian waters
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In both females and males, the largest size ranges were observed between 11°S and 
14°S. However, no differences of the mean size by latitude were detected in females 
and males (Female Chi-square = 32.996, male Chi-square = 293,6; p < 0.05). The 
largest range size of crabs of both sexes was observed at depths greater than 900 m; 
however, no significant differences in size were recorded (Female Chi- 
square = 20.561, male Chi-square = 56.8; p < 0.05) (Fig. 16.6).

The sizes of L. wiracocha varied between 33 and 148 mm CW; the largest aver-
age sizes and maximum sizes were observed in males. A bimodal size distribution 
pattern was observed in males and a unimodal size distribution pattern in females. 
Some females and males smaller than 70 mm were captured by the traps (Fig. 16.7). 
The monthly sizes in females were similar (Chi-square = 68.5; p < 0.05), while the 
smallest males occurred in May (Fig. 16.8). Females were similar in size along the 
sampled latitudinal gradient (Chi-square = 24.3, p < 0.05). The largest males were 
found between 11° and 12°S. Sizes of all individuals were similar through the stud-
ied depth range (Female Chi-square  =  11.9, male Chi-square  =  12.9: p  <  0.05) 
(Fig. 16.8).

The size of Lithodes panamensis varied between 22 and 178 mm CW, with aver-
age sizes of 139.2 and 106.8 mm in males and females, respectively. Like in the 
other sampled lithodids, the males presented larger sizes (Fig. 16.9). In both females 
and males, the size structure presented different distribution patterns. In females, 
the modal size was 98  mm CW, while in males the modal size was 143  mm 
CW. Nevertheless, there was a secondary modal size in both sexes: 133–143 mm 
CW and 108 mm CW for females and males, respectively. The smallest females 
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Fig. 16.3 Landing and estimated catch of king crabs in Peruvian waters during exploratory fishing 
from December 2003 to October 2004
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occurred between February and May, whereas male sizes were variable and similar 
throughout our sampling period (Fig. 16.10). In both females and males, sizes were 
similar by latitude and depth (Fig. 16.10). Only males occurred at 14°S.

16.3.4  Size-Wet Mass Relationship

The size-mass relationship of the P. longipes, L. wiracocha, and L. panamensis spe-
cies was fitted to potential regression (Fig. 16.11).

The length-weight relationship in P. longipes was significantly different by sex; 
the males presented more weight at larger sizes. While in L. panamensis and L. wira-
cocha, no differences were observed (Table 16.2).

Fig. 16.4 Average number of hours by set, average number of pots by set and number of sets by 
depth range registered during the king crab exploratory fishing developed from December 2003 to 
October 2004 in Peruvian waters
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16.3.5  Female Maturity Size

In Paralomis longipes, the presence of egg masses was observed from 83  mm 
CW. The size at 50% of ovigerous females was estimated at 88 mm CW (Fig. 16.12). 
For the other two species, the few females with eggs masses did not allow to esti-
mate female maturity size. A total of 11 females of L. panamensis and 30 females 
of L. wiracocha with egg masses were observed. The size of these ranged from 94.5 
to 123.1 mm of CW and from 72.2 to 115 mm of CW, respectively.

0

5

10

15

20

25
23 38 53 68 83 98 11
3

12
8

14
3

15
8

17
3

Fr
eq

ue
nc

y 
(%

)

Caparace width (mm)

Paralomis longipes

Females
N = 3170
Min = 58
Max = 138
Mean = 100.9

Males
N = 2074
Min = 73
Max = 148
Mean = 112.3

Fig. 16.5 Paralomis longipes size frequency distribution of both females and males during the 
exploratory fishing in December 2003 to October 2004  in Peruvian waters. Gray bars  female, 
black bars male. Axis x shows class mark
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16.3.6  Parasites

In all cases rhizocephalan externa were found attached to the abdomen of females 
and males, usually in a number of one per individual, but in some individuals, up to 
three were observed (Fig. 16.13).

Of 1249 sampled P. longipes, 6.7% presented rhizocephalan infestation. In 
females the prevalence of rhizocephalan was 7.8% (n  =  55) and in males 5.4% 
(n = 29). The highest prevalences were recorded between 14°S and 15°S (Table 16.3, 
Fig. 16.14). In all cases of parasitized females, egg masses were absent, which evi-
dences a negative effect on reproduction. The sizes of the parasitized specimens 
varied between 70 and 115 mm CW for females and between 80 and 125 mm CW 
for males. The highest prevalence in females was observed at smaller sizes, decreas-
ing to a minimum at 105 mm CW. However, a prevalence similar to small sizes was 
observed in the 115 mm CW size interval. In males, the highest prevalence of rhizo-
cephalans peaked between 90 and 95  mm CW, with no parasitized specimens 
smaller than 75 mm CW (Fig. 16.14).

Fig. 16.6 Box-plot of size of Paralomis longipes by month, latitude, depth, and sex in 
Peruvian waters
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16.4  Discussion

The lithodid fishery in the Southeast Pacific has been carried out mainly in Chile 
since 1928 on Paralomis granulosa and Lithodes santolla (Cárdenas et al. 1987; 
Lovrich 2014; Barrera 2016; Daza et al. 2017). In Peru, king crabs landings are not 
discriminated by species; however, from the sampling here reported and carried out 
on board artisanal long-line vessels during exploratory fishing, we deduce that 
P. longipes is the most frequent species between 09°S and 16°S in Peruvian waters.

Data about the spatial, bathymetric distribution and population structure of 
P. longipes, L. panamensis, and L. wiracocha are scarce. For instance, P. longipes 
has been reported in the Northeast Pacific at 05°26′N, 86°55′W (Haig 1974), and in 
the Southeast Pacific in 07°59′S, 80°22′W and 16°29′S, 73°33′W (del Solar, 1972) 
in Peruvian waters and in Chilean waters at 20°15′S (Retamal 1994). Juarez et al. 
(1998) also previously registered P. longipes in Peruvian waters from 12°S to 17°S, 
coincidentally with our findings, where P. longipes was the most abundant species 
with a continuous distribution between the 9°S and 16°S. Also, P. longipes was the 
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most abundant species in the catches during 2003–2004, while Juarez et al. (1998) 
report L. panamensis as the most representative species in the catches, followed by 
P. longipes. This variation in the specific composition (in 1997–1998 dominance of 
L. panamensis vs 2003–2004 dominance of P. longipes) could be due to changes in 
the food supply from the pelagic zone associated with decadal changes of primary 
production in the pelagic zone that are determinants in the biogechemical processes 
of the seabed (Smith et al. 2001).

Lithodes panamensis has been reported in Colombia (07°31′N, 79° 14′W) by 
Faxon (1895), in northern and southern of Peru (03°48′S,81°22′W, 07°59′S, 
80°22′W, 17°34′S, 71°55′W) by del Solar (1972), and in Iquique, Chile (20°10′S) 
(Retamal 1994). During our exploratory fishing in Peruvian waters, L. panamensis 
was captured between 11°S and 14°S, coinciding with previous data. However, the 
presence of this species in Chilean waters would indicate this species presents a 
wider latitudinal distribution in the Southeast Pacific.

During our exploratory fishing, L. wiracocha was registered between 11°S and 
12°S. However, records further north in Peruvian waters (03°48′S, 81°22′W and 
07°59′S, 80°22′W; del Solar 1972) and further south in Chilean waters (Brito 2002), 
indicate a wider latitudinal distribution. In general, the records of P. longipes, 

Fig. 16.8 Box-plot of size of Lithodes wiracocha by month, latitude, depth, and sex in 
Peruvian waters
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L. panamensis, and L. wiracocha indicate a wider distribution range. However, it is 
important to determine the spatial structure of these species (genetic units – popula-
tion stocks) for fishery management purposes (Barrera 2016).

Paralomis longipes was previously recorded between 700 and 1400 m (Faxon 
1895; del Solar 1972; Retamal 1994), while, in the present study, this species was 
captured between 549 and 1480 m, extending its vertical distribution to shallower 
waters. Lithodes panamensis was previously recorded at depths between 620 and 
800 m (del Solar 1972; Retamal 1994) and L. wiracocha between 680 and 800 m 
(del Solar 1972). Here, these two species were captured down to 1480 m depth, 
indicating that this species can thrive at greater depths. According to Hall and Thatje 
(2009) and Hall and Thatje (2011), king crabs are distributed from intertidal to 
3500 m and that their distribution in waters on the continental shelf is limited by 
their thermal tolerance up to 13 °C. In the same sense, del Solar (1981) indicates 
that the minimum depth at which lithodids are known to thrive in the Peruvian sea 
is 500 m where the temperature is 8 °C. In addition, considering that the mean depth 
of the 15 °C isotherm not exceed the 180 m (Flores et al. 2013), we conclude that it 
is unlikely that king crabs are able to inhabit the continental shelf off Peru.
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In other king crab species, the spatial (depth) and temporal (months) variations 
are related to reproductive migrations (Lovrich 2014). It is known that some species 
migrate to shallow waters to reproduce, with juvenile specimens found in these 
areas (Lovrich 2014). However, it has also been postulated that recruitment in 
Paralomis formosa can occur in deeper areas (Purves et al. 2003). In this work juve-
nile individuals were not captured probably due to the pots’ selectivity. However, 
there is a possibility that juvenile specimens are in other less explored areas or 
depths. However, if one considers that the estimated abundance patterns show 
monthly variations (higher values between March and October) and by depth 
(higher values at depths greater than 1000 m), it is possible to infer that P. longipes 
shows a gregarious behavior between March and October and at depths greater than 
1000 m a behavior that allows higher yields. In addition, monthly and depth varia-
tions of the size frequency distributions have not been observed in P. longipes, 
which may indicate that this gregarious behavior is carried out by specimens of all 
ranges of observed sizes.

Males of L. panamensis, L. wiracocha, and P. longipes are larger than females, 
which is consistent with observations in other lithodids (Boschi et  al. 1984; 
Macpherson 1988). This difference is important in the copulation in brachyuran and 

Fig. 16.10 Box-plot of size of Lithodes panamensis by month, latitude, depth, and sex in 
Peruvian waters
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anomuran crabs since males only mate with smaller females (Paul and Paul 1990; 
Lovrich et al. 2002).

The size at maturity of P. longipes females was estimated at 88.4 mm CW. This 
should be considered valid for Peruvian waters only, because this species has a wide 
latitudinal distribution in the Eastern Pacific. Size at maturity in other lithodids 
shows latitudinal variations and smaller sizes at maturity at higher latitude, in 
response to changes in environmental temperatures or food supply (Olson 
et al. 2018).

In this work rhizocephalan barnacles have been recorded only in P. longipes and 
where not observed in L. panamensis and L. wiracocha. These parasites have been 
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Table 16.2 Log mass vs log size relationship of king crabs in Peruvian waters during an 
exploratory fishing 2003–2004

Specie Sex Log mass (g) vs log size (mm) n t-test value

Paralomis longipes Female y = 2.6506 × − 2.578 301 2.714
Male y = 3.0491 × − 3.355

Lithodes wiracocha Female y = 3.0272 × − 3.334 150 0.013
Male y = 3.0288 × − 3.321

Lithodes panamensis Female y = 2.1125 × −1.517 108 1.807
Male y = 2.5779 × − 2.494
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Fig. 16.12 Maturity ogives for females Paralomis longipes caught in Peruvian waters during the 
exploratory fishery between December 2003 and October 2004. The ogive was fitted to observed 
frequency of eggs masses by size range (4 mm)

Fig. 16.13 Rhizocephala externae infesting females of Paralomis longipes (ventral view) in 
Peruvian waters. Pleopods without eggs and one externa (left) and three externae (right)
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Table 16.3 Frequency of presence and absence of rhizocephalan externae parasitizing Paralomis 
longipes by sex, latitude, longitude, and depth range

Latitude/Longitude Sex Rhizocephalan presence
Frequency

Depth (m)N° %

12°00′–12°59′S Female Yes 1 0.6 950
Not 166 99.4 837–1222

Male Yes 2 3.4 1090–1093
Not 56 96.6 837–1222

13°00′–13°59′S Female Yes 2 5.4 1058
Not 35 94.6 958–1059

Male Yes 1 5.6 1059
Not 17 94.4 958–1059

14°00′–14°59′S Female Yes 48 10.4 822–1470
Not 412 89.6 817–1470

Male Yes 25 5.8 817–1470
Not 405 94.2 817–1470

15°00′–15°59′S Female Yes 3 9.1 1083–1136
Not 30 90.9 990–1153

Male Yes 1 3.7 1136
Not 26 96.3 990–1153

16°00′–16°59′S Female Yes 1 8.3 659
Not 11 91.7 549–659

Male Yes 0 0.0
Not 8 100.0 549–659

Total Female Yes 55 7.8 659–1470
Not 653 92.2 549–1470

Male Yes 29 5.4 659–1470
Not 512 94.6 549–1470

Total Yes 84 6.7 659–1470
Not 1165 93.3 549–1470
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found in many species of lithodids (Lovrich 2014), and based on morphological 
characteristics, they have been attributed to Briarosaccus callosus (Boschma 
1930  in Noever et  al. 2016). Following this practice, many specimens of rhizo-
cephalans have been assigned as B. callosus (Noever et al. 2016), including rhizo-
cephalan found in Peruvian waters (Pino et al. 2010). However, Noever et al. (2016) 
used genetic and morphological comparisons to determine that Briarosaccus speci-
mens infesting three king crab species are not B. callosus and furthermore identified 
two new cryptic and sympatric species of Briarosaccus. The infestation of rhizo-
cephalan in lithodid crabs is variable. For instance, in P. granulosa a maximum of 
10% has been reported at small sizes (Lovrich et al. 2004), while in P. spinosissima, 
occurring in Southern Ocean waters off South Georgia, an 80% infestation rate has 
been reported (Watters 1998). Also the lack of occurrence of B. callosus in some 
specimens of king crabs could be due to differences in habitat, greater presence of 
rhizocephalans in closed waters in contrast to open ocean habitats (Sparks and 
Morado 1986). In this work, the prevalence of rhizocephalans on P. longipes was 
7%. It has also been observed that parasitized females did not have an ovigerous 
mass, confirming the negative effect of the presence of rhizocephalans on the repro-
ductive process (Nagler et al., 2017). Also, the highest prevalence of Rhizocephala 
has been observed at smaller sizes, according to other observations in other species 
of lithodids (Lovrich et al. 2004). However, at higher sizes of P. longipes, the high 
prevalence of parasites was also observed. Although L. panamensis and L. wiraco-
cha have been captured in the same areas where P. longipes was captured, they did 
not present rhizocephalans, which could indicate the preference of these parasites 
for some species.

We conclude that future work needs to focus on analyzing the life cycle of all 
species under investigation, such as reproductive behavior and larval development, 
growth and size at maturity under varying thermal regimes found at different depths, 
as well as growth, mortality, and individual age. This information is essential for 
constituting a sustainable fishery of these species otherwise vulnerable to 
overexploitation.
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Chapter 17
Lower Slope and Abyssal Benthic 
Decapods of the Eastern Pacific

M. K. Wicksten

Abstract A total of 119 species of decapod crustaceans have been reported from 
depths of 700 m or more in the eastern Pacific. From 1875 to 2000, decapods were 
caught mostly by trawls and dredges on muddy sea floors. Sampling has not been 
consistent and has been concentrated in certain geographic areas. Taxonomic confu-
sion and potential misidentifications continue to create problems. Of the species in 
the area, 14 are considered to occur worldwide. The area from Alaska to northern 
California has the fewest species (8); the area from southwestern Mexico to Peru or 
Chile has the most (27). Of the taxonomic groups, the most speciose are the family 
Munidopsidae (31 species). Adaptations to the environment include loss of func-
tional eyes, capacious carapaces, lack of strict food preferences, and antipredator 
behavior including ability to swim and association with other invertebrates. 
Reproduction is poorly known but seems to be asynchronous. Largely due to costs 
and difficulties in processing the catch, there are no extensive fisheries for deepwa-
ter decapods in the area.

Keywords Deep sea · Benthic crustaceans · Eastern Pacific · Decapoda

17.1  Introduction

A brief historical overview indicates that eastern Pacific decapods were collected as 
early as 1825–1827, when the HMS Blossom visited Monterey Bay. Further studies 
have continued on nearshore subtidal species, using scuba diving, trawls, dredging, 
and traps, and commercial fisheries for crabs and shrimps on the continental shelf. 
Records of decapod crustaceans below 700 m (the approximate lower limit of the 
oxygen minimum zone, OMZ) are scarce and almost always based on collections 
from trawls or dredges. In the eastern Pacific, the British expedition’s ship HMS 
Challenger included a short stop at Valparaiso, Chile, and a visit to the Juan 
Fernández Islands in 1875; and later samples were taken in the Strait of Magellan. 
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The most comprehensive study of deep-sea life was by the US fisheries steamer 
Albatross in 1890–1910. The participants used trawls to collect marine life from the 
area around the Galápagos Islands to San Francisco Bay, California. Reports of 
decapods from these collections included those by Faxon (1893, 1895) and Benedict 
(1910). Decapods of the Peru-Chile Trench and adjacent areas were studied by the 
cruises of the Anton Bruhn (Garth and Haig 1971). Other expeditions that collected 
decapods in that area included the cruise of the research vessel Akademik Kurchatov 
(Zarenkov 1976, carideans) and work by the Instituto del Mar del Perú (del Solar 
1972; Haig 1974; Méndez 1981; Wicksten and Méndez 1982). McCauley (1972) 
trawled deep decapods to a depth of more than 3000 m as part of a survey of the 
effects of low-level radioactive wastes from the Hanford Site to the Columbia River 
and nearby ocean waters. Ambler (1980) described new species of squat lobsters 
taken off Oregon. Various deep-sea decapods were collected off Baja California 
during cruises by Scripps Institution of Institution of Oceanography, including 
specimens of Glyphocrangon (Wicksten 1979), Bathystylodactylus (Wicksten and 
Martin 2004), and new species of Munidopsis (Jones and Macpherson 2007). The 
University of Southern California received decapods collected during the California 
Department of Fish and Game’s study of catches in sablefish traps (Wicksten 1982; 
Baba and Haig 1990).

Ongoing studies include works by M.E. Hendrickx and his colleagues in western 
Mexico including the Gulf of California, I.  Wehrtmann and colleagues in Costa 
Rica, and G. Guzmán and his colleagues off Chile. The biologists of the Monterey 
Bay Aquarium Institute (MBARI) have concentrated on the biota of the Monterey 
Submarine Canyon and nearby seamounts. Using the remotely operated vehicle 
(ROV)Ventana, they have obtained high-definition photographs of deep decapods 
showing living colors, behavior, and new ranges (Wicksten and Kuhnz 2015). 
Jeffrey Drazen and his colleagues at the University of Hawaii at Manoa have inves-
tigated the fishes and larger invertebrates in areas of manganese nodules along the 
Clarion-Clipperton Zone and the Peru Basin. New studies from the Exploration 
Vessel Nautilus, operated by the US National Oceanographic and Administration 
and the Ocean Exploration Trust and with the cooperation of the Charles Darwin 
Foundation, have combined use of a remotely operated vehicle with collections to 
provide new information on the deep fauna off the Galápagos Islands.

In 1989, I attempted a zoogeographic analysis of ranges of crustaceans living at 
200 m or more in the entire eastern Pacific (Alaska to Cape Horn). Since that paper 
was published, new species (especially galatheoid anomurans) have been described, 
new records have been published, and additional information on color, habitat, 
physiology, and predator-prey relationships of these species have been reported. In 
situ color photographs now are available for some of the species. This new informa-
tion has been compiled and included in the present contribution, updating the list of 
species occurring below 700 m depth.
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17.2  Methods

Based on the contribution by Wicksten (1989), an updated list of species was elabo-
rated containing new species and new records made available during the last 
31 years. Aspects related to taxonomy, distributional range, habitat, functional anat-
omy, reproduction, larval stage, population densities, natural history, exploitation, 
and environmental disturbance are addressed.

17.3  Results

17.3.1  Species in the Eastern Pacific

A total of 120 species, not including species currently suspected of being unde-
scribed, has been recorded (Table 17.1). For the purposes of this report, species are 
included for which the majority of their records were at 700 m or deeper. The spe-
cies mentioned in this paper generally are confined to depths below the local oxygen 
minimum zone (OMZ). Some records are suspect. Rathbun (1904) reported Pagurus 
capillatus from only 4 m. This unlikely record could be the result of a misidentifica-
tion or perhaps a specimen thrown overboard from a fishing vessel. Lithodid crabs 
of the genus Paralomis generally come from deep water, but the records of Paralomis 
tuberipes do not provide a depth. The area in which the holotype was collected was 
shallow, perhaps 15 m (F. Palero, pers. comm.) Identifications based on photographs 
or video stills from remotely operated vehicles often can be identified to genera, not 
species, because distinguishing features cannot be seen. Some species are known 
only from a single sample and thus there is no depth “range,” while others (e.g., 
Pandalus platyceros) have enormous ranges (0–1846  m, Wicksten 1989), which 
may reflect north-south distributional patterns or migration by age or sex. Depths in 
this chapter are given for settled adults and not pelagic larval stages.

Genera that contain species consistently found at 700  m or deeper include 
Cerataspis, Benthesicymus, Bathypalaemonella, Bathystylodactylus, 
Nematocarcinus, Glyphocrangon, Parapagurus, Eiconaxius, Munidopsis, and 
Paralomis. The deepest record from the eastern Pacific is for Munidopsis verruco-
sus at 4880 m (Jones and Macpherson 2007).

17.3.2  Taxonomy

Most shrimps  have been identified on the basis of morphology. “Trans-ocean” 
(Atlantic and Pacific; eastern and western Pacific) species may in fact be separate 
species, but at present there is little or no genetic information for the vast majority 
of deep benthic decapods. Vereshchaka et al. (2019) revised the species assigned to 
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Table 17.1 List of species with geographic ranges and depths. If no source is provided, source is 
Wicksten (1989). Changes in names since 1989 are cited “as (old name) in (author, date).” The 
synonymies are not complete. See the latest reference for each species for further information

Order Decapoda
Suborder Dendrobranchiata
Infraorder Penaeoidea
Family Aristaeidae
1. Cerataspis monstrosa (Gray, 1828). Cosmopolitan, “north-west coast of U.S.A.” (Farfante 
and Kensley 1997 as Plesiopenaeus armatus); in eastern Pacific, Monterey Bay, Clarion-
Clipperton Zone, 3477–5400 m, Peru Basin, 4120–4200 m (Wicksten and Kuhnz 2015; Amon 
et al. 2017; Drazen et al. 2019)
Family Benthesicymidae
2. Benthesicymus laciniatus (Rathbun, 1906). Azores, Canary Islands, Madagascar, Japan to 
Hawaiian Islands; in eastern Pacific, off Santa Catalina Island, California, off Baja California, 
Clarion-Clipperton Fracture Zone; 1471–4028 m (Farfante and Kensley 1997; Wicksten 2004, 
2012)
2. Dalicaris altus (Bate, 1881). Indian Ocean, Philippines, Japan, to Fiji; in eastern Pacific, San 
Nicolas Island, California to Galápagos Islands, 916–4089 m (Farfante and Kensley 199, as 
Benthesciymus altus)
3. Trichocaris tanneri (Faxon, 1893). Off San Diego, California, to northern Chile, 484–2010 m 
(Hendrickx and Hernandez Payán 2017 as Benthesciymus tanneri)
Family Solenoceridae
Haliporoides diomedeae (Faxon, 1893). Gulf of Panama to southern Chile, 240–3455 m 
(Wicksten 1989)
Hymenopenaeus doris (Faxon, 1893). Mexico to northern Peru, 549–4802 m (Wicksten 1989)
Hymenopenaeus nereus (Faxon, 1893). Costa Rica to Ecuador; Clarion-Clipperton Zone, 
330–4001 m; Peru Basin, 4120–4200 m (Hendrickx and Wicksten 2016; Drazen et al. 2019)
Suborder Pleocyemata
Suborder Pleyceomata
Infraorder Caridea
Family Acanthephyridae
Acanthephyra eximia (Smith, 1884): Cosmopolitan, in East Pacific at Erben Seamount off 
California, 200–3700 m (Crosnier and Forest 1973; Chace 1986); Costa Rica (Pequegnat and 
Wicksten 2006)
Family Nematocarcinidae
Nematocarcinus agassizii (Faxon, 1893). Gulf of California, Mexico to Peru including Cocos 
and Malpelo Island and Galápagos Islands, 230–1800 m (Hendrickx 1995a; Hernandez-Payán 
and Hendrickx 2016)
Nematocarcinus faxoni (Burukovsky, 2001). Southwestern Mexico to northern Peru, 799–
2055 m (Hernandez-Payán and Hendrickx 2016)
Nematocarcinus proximatus (Bate, 1888). Southern Indian Ocean, south of New Guinea, off 
Japan, off Juan Fernández Islands, southern Chile, 2514–2651 m (Chace 1986)
Nematocarcinus tenuipes (Bate, 1888). East Pacific Rise, 2558–2619 (Komai and Segonzac 
2005 as Nematocarcinus ovalis)
Segonzackomaius burukovskyi (Komai and Segonzac, 2005). East Pacific Rise, 2330–2612 m.

(continued)
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Table 17.1 (continued)

Family Bathypalaemonellidae
Bathypalaemonella delsolari (Wicksten and Méndez, 1983). SW of Lobos de Tierra, Peru, 
712–714 m
Family Stylodactylidae
Bathystylodactylus echinus (Wicksten and Martin, 2004). Off Magdalena Bay and Patton 
Escarpment, 3427–3689 m
Family Pandalidae
Heterocarpus hostilis (Faxon, 1893). NW of Cabo San Lucas, Baja California; SW Mexico; Isla 
del Coco, Costa Rica; to Supe, Peru, 890–1895 m (Wicksten and Hendrickx 2016)
Heteronika nesisi (Burukovsky, 1986). Western Baja California Mexico (Hendrickx 2019a, b).
Pandalus amplus (Bate, 1888). Washington to Gulf of California, 553–1986 m (Wicksten 2012, 
as Pandalopsis amplus)
Pandalus tridens (Rathbun, 1902). Pribilof Islands to San Nicolas Island, 5–1984 m  
(Wicksten 2012)
Family Thoridae
Eualus biunguis (Rathbun, 1902). Sea of Japan north to Bering Sea, south to Oregon, 
90–2090 m (Butler 1980)
Eualus macropthalmus (Rathbun, 1902). Unalaska to Point Sur, California, 110–1163 m  
(Butler 1980)
Heptacarpus yaldwyni (Wicksten, 1984). Off Salina Cruz, Mexico, 1052–1145 m
Lebbeus bidentatus (Zarenkov, 1976). Off Peru, 1680 m
Lebbeus carinatus (Zarenkov, 1976). Off Peru, 1850 m
Lebbeus curvirostris (Zarenkov, 1976). Off Peru, 1680–1860 m

Lebbeus laurentae (Wicksten 2010). West of Costa Rica (12o49′N 103o57′W), 2630 m
Lebbeus scrippsi (Wicksten and Méndez, 1982). SE Gulf of California, Peru to Chile, 768–
1240 m (Hendrickx 2001)
Lebbeus splendidus (Wicksten and Méndez, 1982). Off Peru, 712–1100 m
Lebbeus vicinus montereyensis (Wicksten and Méndez, 1982). Monterey Bay, California to Gulf 
of California, 954–2086 m
Lebbeus washingtonianus (Rathbun, 1902). Northern Japan, across north Pacific to off San 
Clemente Island, California, 820–1808 (Komai and Takeda 2004)
Family Crangonidae
Neocrangon abyssorum (Rathbun, 1902). Bering Sea to Cortez Bank, California 97–2975 m 
(Wicksten 2012)
Metacrangon procax (Faxon, 1893). San Miguel Island, California to southern Peru, 830–
1658 m (Wicksten 1989 as Crangon lomae, Wicksten 2012)
Paracrangon areolata (Faxon, 1893). SE Gulf of California; off Santa María Bay, Tres Marías 
Islands, Mexico to Peru, 1016–1650 m (Hendrickx 1996, 2001)
Parapontophilus occidentalis (Faxon, 1893). Off San Clemente Island (Wicksten 2012 as 
Pontophilus gracilis occidentalis), central Gulf of California to Peru, 1789–4082 m (Komai 
2008; Hendrickx 2012b)

Sclerocrangon atrox (Faxon, 1893). Off Sinaloa (25° 15′N), Mexico to Peru, 1209–1238 m 
(Hendrickx 2012b)
Family Glyphocrangonidae
Glyphocrangon alata (Faxon, 1893). North of state of Michoacán, off Acapulco, Mexico to off 
Valparaiso, Chile, 600–1300 m (Hendrickx 2012b)

(continued)
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Table 17.1 (continued)

Glyphocrangon rimapes (Bate, 1983). Near Juan Fernández Islands, 2500 m
Glyphocrangon sicaria (Faxon, 1893). Costa Rica and Gulf of Panama, 1454–3310 m
Glyphocrangon spinulosa (Faxon, 1893). Cortez Basin, California, SE Gulf of California, to off 
Mariato Point, Panama, 956–1374 m (Hendrickx 2001, 2012b)
Glyphocrangon taludensis (Hendrickx, 2010). SW Mexico, 780–1879 m
Glyphocrangon vicaria (Faxon, 1893). San Clemente Basin, California, off Cedros Island and 
Cabo San Lucas, Baja California, Mexico; to Galápagos Islands, 1374–2441 m (Hendrickx 
2012b)
Infraorder Astacidea
Family Nephropidae
Nephropsis occidentalis (Faxon, 1893). West coast of Baja California, Mexico to Chile, 
550–1238 m (Manning 1970)
Infraorder Polychelida
Family Polychelidae
Pentacheles laevis (Bate, 1878). Cosmopolitan, in eastern Pacific, Mexico, Gulf of Panama, off 
Colombia, off Galápagos Islands, Nasca Ridge and Arica, Chile, 347–2505 m (Luke 1972 as 
Polycheles granulatus Galil 2000 (Hendrickx and Serrano 2012)
Pentacheles validus (A. Milne-Edwards, 1880). Cosmopolitan, off Juan Fernández Islands in 
eastern Pacific, 914–3365 m (Galil 2000)
Polycheles tanneri (Faxon, 1893). Gulf of Panama, off Galápagos Islands, Ecuador, Peru, 
540–830 m (Galil 2000)
Stereomastis nana (Smith, 1884). Cosmopolitan, 300–4000 m (Galil 2000 as Polycheles nanus)
Stereomastis pacifica (Faxon, 1893). Noyo Canyon, California to off Valparaiso, Chile, 
600–3380 m (Galil 2000; Wicksten 2012 as Stereomastis sculptus pacificus)
Stereomastis suhmi (Bate, 1878). Off Valparaiso, Chile, circum-Antarctic, 293–4000 m (Galil 
2000 as Polycheles suhmi)
Willemoesia inornata (Faxon, 1893). Off Magdalena Bay, Baja California (Luke 1992); off 
Costa Rica, Gulf of Panama, Colombia, Ecuador, Chile, Galápagos and Juan Fernández Islands, 
2380–4005 m (Wicksten 1989 as W. challenger, Galil 2000)
Willemoesia pacifica (Sund, 1920). Off Juan Fernández Islands, Kermadec Trench, off New 
Zealand, 2745–5000 m (Galil 2000)
Infraorder Axiidea
Family Axiidae
Eiconaxius albatrossae (Kensley, 1996). Pacific Panama, 851–1016 m (Komai and Tsuchida 
2012). Eiconaxius baja Kensley 1996. Between Cortes Bank and San Clemente island, 
California; off northwestern Baja California (Pacific), 1098–1252 m (Komai and Tsuchida 2012)
Family Ctenochelidae
Callianopsis goniophthalma (Rathbun, 1902) Clarence Strait, Alaska to off Palos Verdes 
Peninsula, Los Angeles County, California; off Ahome Point, Sinaloa, Mexico, 483–1920 m 
(Hart 1982 as Callianassa goniophthalma; Hendrickx 1995b; Wicksten 2012)
Family Calocarididae
Calocaris investigatoris (Anderson, 1896). Arabian Sea, Aleutian Islands to San Diego, 
California, 549–1733 m (Hart 1982)

(continued)
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Table 17.1 (continued)

Infraorder Anomura
Family Chirostylidae
Heteroptychus galapagos (Baba and Wicksten, 2019). East Darwin Seamount, Galápagos 
Islands, 1012 m
Heteroptychus nautilus (Baba and Wicksten, 2019). East Wolf Seamount, 1049.4 m
Uroptychus occidentalis (Faxon, 1893). Gulf of Panama, 839 m; East Wolf Seamount, 
Galápagos Islands, 873 m (Baba and Wicksten 2019)
Family Sternostylidae
Sternostylus defensus (Benedict, 1902). Off Galápagos Islands, 717–873 m (Baba and Wicksten 
2019)
Sternostylus iaspis (Baba and Haig, 1990). Southern Vancouver Island to Jasper Seamount, 
California, 600–1189 m (Wicksten, 2012 as Gastroptychus iaspis)
Family Munididae
Munida curvipes (Benedict, 1902). Off Chonos Archipelago, 1924 m
Munida perlata (Benedict, 1902). Southern Gulf of California, 1920–3292 m
Munida propinqua (Faxon, 1893). Gulf of Panama to Peru, 1290–1713 m
Family Munidopsidae
Galacantha diomedeae (Faxon, 1893). San Clemente Island, California to off Constitución, 
Chile, 768–3790 m (Wicksten 1989 as Munidopsis diomedeae; Guzmán and Sellanes 2015)
Galacantha rostrata (Milne-Edwards, 1880). Off Acapulco, off Galápagos and Juan Fernández 
Islands, off Antofagasta, 1775–2492 m (Wicksten 1989 as Munidopsis rostrata; Guzmán and 
Sellane, 2015
Munidopsis agassizii (Faxon, 1893). Gulf of Panama, Peru, to Iquique, Chile, 384–1000 m 
(Guzmán and Sellanes 2015)
Munidopsis albatrossae (Pequegnat and Pequegnat, 1973). Oregon to central America, East 
Pacific Rise, 2550–2891 (Ambler 1980 as M. aries; Jones and Macpherson 2007)
Munidopsis alfredolaguardai (Hendrickx and Ayon-Parente, 2013). Gulf of California to Chiloé, 
Chile, 480–1225 m (Guzmán and Sellanes 2015)
Munidopsis antonii (Filhol, 1884). Cosmopolitan, in eastern Pacific, from Bering Sea, off 
Oregon, central California, Costa Rica, Gulf of Panama, off Juan Fernández Islands, 3134–
4100 m (Jones and Macpherson 2007 as M. beringana)
Munidopsis barrerai (Bahamonde, 1964). Off Peru to Los Vilos, Chile, 280–800 m (Guzmán 
and Sellanes 2015)
Munidopsis bracteosa (Jones and Macpherson, 2007). Mendocino Fracture Zone, Monterey 
Bay, California; 2441–2891 m
Munidopsis cascadia (Ambler, 1980). Cascadia Basin, off Oregon; Monterey Bay, California, 
2743–2926 m (Jones and Macpherson 2007)
Munidopsis cochlearis (Khodkina, 1973). Southwest of Antofagasta, Chile, 4550 m
Munidopsis follirostris (Khodkina, 1973). North of Juan Fernández Islands, Chile, 1280 m
Munidopsis granosicorium (Williams and Baba, 1989). Off Strait of Juan de Fuca, 2020 m
Munidopsis hamata (Faxon, 1893). Baja California, Mexico to Chile, 390–1337 m (Guzmán and 
Sellanes 2015)
Munidopsis hendersoniana (Faxon, 1893). SW Coast of Mexico; Gulf of Panama, 1101–1869 m 
(Hendrickx 2017)
Munidopsis hirsuta (Jones and Macpherson, 2007). Off cental California, 34 deg. 50 min. N, 
123 deg. 00 min. W, 4100 m

(continued)
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Table 17.1 (continued)

Munidopsis hystrix (Faxon, 1893). Anacapa Island, California to Peru, 552–1243 m (Wicksten 
2012)
Munidopsis kensmithi (Jones and Macpherson, 2007). Cental California, 34 deg. 50 min. N, 
123 deg. 00 min. W, 4100 m; photograph off Monterey Bay, California (MBARI photo files); 
Lamont Guyot, East Mariana Basin, 4833 m (Dong et al. 2017)
Munidopsis lignaria (Williams and Baba, 1989): Cascadia Basin off Oregon, East Pacific Rise 
off south central Mexico,2030–2875 m (Ambler 1980 as Munidopsis ciliata)
Munidopsis nitida (A. Milne-Edwards, 1880). Gulf of Mexico, Caribbean, Indian Ocean, Japan; 
in eastern Pacific, Gulf of Panama and off Cocos Island, 1245–2363 m (Ambler 1980 as 
Munidopsis ciliata, Baba 2005)
Munidopsis opalescens (Benedict, 1902). Straits of Magellan, Chilean Patagonia, subantarctic 
islands, 922 m (Guzmán and Sellanes 2015)
Munidopsis palmatus (Khodkina, 1973). Gulf of California, Chile, 1225–1240 m (Hendrickx 
2001)
Munidopsis panamae (Baba, 2005). Gulf of Panama, 3800 m
Munidopsis producta (Baba, 2005). Bay of Panama, Mariato Point to Cocos Island, 3260–
3680 m (Faxon 1895 as Munidopsis subsquamosa aculeata; Henderson 1888 as Munidopsis 
aculeata; Guzmán and Sellanes 2015 as M. subsquamosa)
Munidopsis quadrata (Faxon, 1893). Queen Charlotte Islands, Canada to off Tres Marías 
Islands; Antofagasta to Constitución, Chile, 245–1574 m (Guzmán and Sellanes 2015)
Munidopsis scotti (Jones and Macpherson, 2007). Juan de Fuca Ridge, 2715 m

Munidopsis segonzaci (Jones and Macpherson, 2007). Cental California, 34°50′N, 123°W, 
4100 m.
Munidopsis tiburon (Jones and Macpherson, 2007). Oregon (Ambler 1980 as Munidopsis sp.), 
Vance Seamount and Monterey Bay Canyon, California, 1829–2029 m
Munidopsis tuftsi (Ambler, 1980). Tufts Abyssal Plain, northern Pacific, 3500–3858 m
Munidopsis verrilli (Benedict, 1902). Oregon, Monterey Bay to “Cerros” (= Cedros) Island; 
western Pacific in Makassar Strait and Tasmania, 732–4169 m (Baba 2005)
Munidopsis verrucosus (Khodkina, 1973). Aleutian Islands to Antofagasta, Chile, 3932–4880 m 
(Jones and Macpherson 2007)
Munidopsis vicina (Faxon, 1893). Off Alaska Peninsula, Gulf of Panama, Cocos Island, 
936–3885 m (Wicksten 2012; Baba 2005)
Munidopsis yaquinensis (Ambler, 1980): Off Oregon, 2763–2377 m
Family Paguridae
Pagurus capillatus (Benedict, 1892). Chukchi Sea, Bering Sea of off Santa Cruz, California, 
4–1189 m (Wicksten 2012).
Family Parapaguridae
Parapagurus foraminosus (Lemaitre, 1999). Off Baja California to Ecuador, Cocos and 
Galápagos Islands, 915–2807 m
Parapagurus holthuisi (Lemaitre, 1989). Gulf of California to Chile, 1410–3340 m (Garth and 
Haig 1971 as Parapagurus abyssorum)
Parapagurus benedicti (de St. Laurent, 1972). Alaska to off Juan Fernández Islands, 415–
2012 m (McLaughlin 1974; Wicksten 2012 as Parapagurus pilosimanus benedicti)
Probeebei mirabilis (Boone, 1926): Costa Rica to Peru, 1145–3995 (Wicksten 1989)
Family Lithodidae
Lithodes couesi (Benedict, 1895). Japan, Okhotsk Sea, Bering Sea, Alaska south to Tortugas 
Bay, Baja California, Mexico, 384–1125 m (Martin et al. 1997)

(continued)
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Benthesicymus, changing B. altus to Dalicaris altus and B. tanneri to Trichocaris 
tanneri but a more recent revision changed the name of the latter species to 
Benthoecetes tanneri (WoRMS editorial board (2020). Pequegnat and Wicksten 
(2006) used morphology to compare specimens of Acanthephyra eximia taken in 
the Gulf of Mexico with those from western Costa Rica, but did not find any observ-
able differences between them, nor did Chace (1986) in his treatment of Pacific 

Table 17.1 (continued)

Lithodes panamensis (Faxon, 1893). Costa Rica, Gulf of Panama, off Peru, 760–838 m. 
(Macpherson and Wehrtmann 2010). (Unconfirmed record off Cabo San Lucas, Mexico, 
Hendrickx and Harvey 1999)
Lithodes wiracocha (Haig, 1974). Off Costa Rica, SW of Banco de Mancora, Peru, 620 m 
(Macpherson and Wehrtmann 2010)
Neolithodes diomedeae (Benedict, 1894). Monterey Bay and Sur Ridge, California; off Panama 
to Peru, 830–1300 m (Barry et al. 2016)
Paralomis aspera (Faxon, 1893). West coast of Baja California and SW of Manzanillo, Mexico, 
Panama to northern Peru, 560–1397 m (Hendrickx 2019a, b)
Paralomis chilensis (Andrade, 1980). Off Coquimbo to off Los Vilos, Chile, 400–420 m.
Paralomis diomedeae (Faxon, 1893). California, Costa Rica to northern Peru, 458–830 m 
(Macpherson and Wehrtmann 2010)
Paralomis inca (Haig, 1974). Peru to Chile, 620–744 m
Paralomis longipes (Faxon, 1893). Off Cocos Island to Peru, 760–1409 m
Paralomis multispina (Benedict, 1895). Japan, Alaska to San Diego, California, 500–1665 m 
(Sakai 1971)
Paralomis otsuae (Wilson, 1990). West coast of Baja California, off Jalisco, western Mexico; 
Peru to Mejillones del Sur, Chile, 80–2054 m (Hendrickx 2019a, b)
Paralomis papillata (Benedict, 1895). “Off Lower California, or perhaps south of the region” 
(Benedict 1895), off Costa Rica, Peru 712–744 m (Macpherson and Wehrtmann 2010)
Paralomis phrixa (Macpherson, 1991). Northern Peru and off Tasmania, 1815–1860 m
Paralomis sonne (Guzmán, 2009). Off Antofagasta, Chile, 1775 m
Paralomis verrilli (Benedict, 1895). Sea of Okhotsk to Cortez Bank, California, 1238–2379 m
Infraorder Brachyura
Family Homolodromiidae
Homolodromia robertsi (Garth, 1973). off Peru, 800 m
Family Dorippidae
Ethusina faxonii (Rathbun, 1933). Western Mexico to Peru, 2999–4081 m
Ethusina robusta (Miers, 1886). Bay of Panama to Galápagos Islands and coast of Ecuador, 
1618–3334 m
Family Cymonomidae
Cymonomus menziesi (Garth in Garth and Haig, 1971). Peru, 1005–1124 m
Family Epialtidae
Rochinia cornuta (Rathbun, 1898). Off Galápagos Islands, 718–1160 m
Family Trichopeltariidae
Trichopeltarion corallinum (Faxon, 1893). SE Gulf of California; off Acapulco to Peru, 
834–1280 m (Hendrickx 2001)
Trichopeltarion hystricosus (Garth in Garth and Haig, 1971). Peru to Chile, 907–935 m
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Oplophoridae. Pandalus ampla, reported from both the Atlantic and Pacific Oceans, 
may be a species complex (Komai 1994). Burukovsky (2001) redefined the species 
of Nematocarcinus so that some supposedly cosmopolitan species have since been 
divided into related species. Krygier and Pearcy (1981) reported Nematocarcinus 
exilis off Oregon, but this specimen needs to be re-examined. Lebbeus washingto-
nianus may be a highly variable species or a species complex (Komai and Takeda 
2004). Komai et al. (2004) noted that L. washingtonianus had been reported from 
the eastern Pacific and from a single location in the Okinawa Trough, but the habitat 
and depth of these records were different. They suggested that the identification was 
uncertain and that the specimens be re-examined. There are photographs of what 
probably are Lebbeus spp. taken by ROV’s off Monterey Bay, Costa Rica, and the 
Galápagos Islands, but these cannot be identified to species without specimens 
(MKW unpublished). A shrimp identified as Bathypalaemonella serratipalma was 
photographed off the Galápagos Islands (L. Watling pers. comm.), but it was not 
compared to the eastern Pacific B. delsolari.

Records of lobster-like decapods need further confirmation. A previous report of 
Eiconaxius acutifrons by Wicksten (1982) from California is now identified as 
E. baja Kensley, 1996 (Komai and Tsuchida 2012). If confirmed, a record of 
Willemoesia leptodactyla off Punta San Juan, Peru, would be the first record of this 
species from the eastern Pacific (Luke 1992). Photographs in the “benthic inverte-
brate guide” for the ship Okeanos Explorer (NOAA 2019) in the central Pacific 
show a squat lobster identified as Gastroptychus cf. iaspis. I examined a paratype of 
Sternostylus iaspis and concluded that the pattern of spines on the carapace and 
chelae of S. iaspis are markedly different from those of the (as yet unidentified) 
squat lobster in the central Pacific. As of this writing, S. iaspis is known only from 
the eastern Pacific.

There is general agreement that many members of the superfamilies Galatheoidea 
and Chirostyloidea need to be studied further and may in fact be species complexes. 
The taxonomy of species of Munidopsis is particularly confusing. For example, 
Munidopsis bairdii and M. antonii currently are considered to be cosmopolitan spe-
cies, but there has been no genetic comparison of specimens from different oceans 
(E. Macpherson pers. comm.). Munidopsis subsquamosa, considered to be a cosmo-
politan species, recently has been determined in the eastern Pacific to be a different 
species, M. producta (Baba 2005). Specimens reported as M. subsquamosa from 
Oregon (Ambler 1980) and off Chile (Guzmán and Sellanes 2015) need to be re- 
examined (Baba 2005). Presumably the same species has been reported in the east-
ern Pacific as Munidopsis subsquamosa aculeata by Faxon (1895) and Munidopsis 
aculeata Henderson, 1888. There has been extensive recent revision of species of 
the Chirostylidae based on morphological work (Baba 2005; Baba et al. 2018) and 
new genetic studies (Jones and Macpherson 2007). Some species formerly assigned 
to the genus Gastroptychus have been re-examined and assigned to the genus 
Sternoptychus (Baba et  al. 2018), including Sternoptychus iaspis in the eastern 
Pacific.
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The nomenclature of the various crab-like decapods has remained relatively sta-
ble since 1989, although there are new records and range extensions. Lemaitre 
(1989, 1999) revised the deep-sea hermit crabs of the genus Parapagurus.

17.3.3  Ranges

Ranges of eastern Pacific decapods known from more than a single location are 
provided (Table 17.2). If a species only has been reported from latitudinally isolated 
locations (e.g., from Monterey Bay, California, and off Chile), then those two 
reports are listed separately instead of giving the range as “Monterey Bay to Chile.” 
For the majority of the species, there are few or no numerical data, so the system 
largely is based on the presence or absence of specimens. Records from the Clarion- 
Clipperton Zone, Peru Basin, Eastern Pacific Rise, and Juan de Fuca Ridge are 
included.

The huge spread of the Indo-Pacific region has many more species than the east-
ern Pacific, especially in the Chirostylidae (Baba and Schnabel 2018) and other 
members of the Galatheoidea (as Galatheidae in older literature). The biota of the 
eastern Pacific is isolated and less diverse than that of the western and central Pacific 
(Macpherson et al. 2010). The eastern Pacific is separated from the central Pacific 
by as much as 8000 km: Easter Island lies over 1850 km west of the Juan Fernandez 
Islands; Hawaii is nearly 5000 km from California. This vast distance is known as 
the “Eastern Pacific Barrier” and probably limits the dispersal of species between 
these two areas. The lack of records in abyssal and lower slope areas may be due to 
a lack of study. Wicksten and Kuhnz (2015) first reported the common and wide-
spread abyssal shrimp Cerataspis monstrosa off California, when photographs and 
video stills from ROV’s and improved cameras became available. Species reported 
to be worldwide or trans-Pacific tend to be abyssal species (living as deep as 2000 m 
or more), as are species that range from Alaska or California to Peru or Chile. At 
least four species range across the north Pacific from Japan to California, perhaps 
able to “island hop” along submerged spurs or slopes across the length of the 
Aleutian Archipelago.

Previous work suggests differentiation in species assemblages by latitude 
(Wicksten 1989; Macpherson et al. 2010; Guzmán and Sellanes 2015). The area 
from southwestern Mexico to Peru is particularly rich in species. These ranges seem 
to correspond to patterns of modern currents or possibly ancient geologic evens or 
climate changes, such as the closing of the seaway across Central America. Ranges 
of many species are based only on a single specimen or a few crustaceans from one 
isolated locality: for example, Jones and Macpherson (2007) described three new 
species of Munidopsis from a single site in California. Some areas (south of the 
Columbia River, Oregon to Monterey Bay, California; much of western Central 
America, or most areas 1500 m deep or more) remain poorly studied or not sampled 
at all. At present, there is no definitive evidence that any deep benthic decapods are 
endemic to a particular island chain, vent system, or seamount.
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Table 17.2 Range of decapod crustaceans with more than one record in different sectors of the 
eastern Pacific

World-wide, trans- 
Pacific or in more than 
one ocean

Alaska or Canada 
to Chile

Oregon or California to 
Western Mexico, Costa 
Rica or Panama

Japan and Russia into 
Eastern Pacific

Cerataspis monstrosa 
(as Plesiopenaeus 
armatus)

Parapagurus 
benedicti

Lebbeus vicinus 
montereyensis

Eualus biunguis

Benthesicymus 
laciniatus

Munidopsis 
quadrata

Glyphocrangon 
spinulosa

Lebbeus 
Washingtonianus

Acanthephyra eximia Munidopsis 
verrucosus

Glyphocrangon vicaria Lithodes couesi

Nematocarcinus 
proximatus

Munidopsis vicina Munidopsis albatrossae

Pandalus ampla Munidopsis challengeri

Pentacheles laevis Alaska, 
Washington or 
Oregon to 
California

Munidopsis lignaria California to Peru or 
Chile

Pentacheles validus Pandalus tridens Paralomis multispina Bentheocetes tanneri

Polycheles nanus Eualus biunguis Munidopsis hystrix Metacrangon procax

Calocaris 
investigataris

Paralomis verrilli Neocrangon abyssorum Parapontophilus 
occidentalis

Munidopsis antonii Sternostylus iaspis Polycheles pacificus

Munidopsus kensmithi Munidopsis cascadia Galacantha diomedae

Munidopsus nitida Pagurus capillatus Neolithodes diomedeae

Munidopsis 
subsquamosa species 
complex

Munidopsis tiburon Paralomis diomedeae

Munidopsis verrilli

Southwestern Mexico and 
Gulf of California to 
Panama and Ecuador

Southwestern 
Mexico to Peru or 
Chile

Costa Rica or Panama 
to Ecuador, Peru or 
Chile

Circum-Antarctic 
or Southern Chile

Munidopsis hendersoniana Hymenopenaeus 
doris

Haliporides diomedeae Willemoesia 
pacifica

Parapagurus foraminatus Glyphocrangon alata Glyphocrangon sicario Polycheles suhmi

Sclerocrangon atrox Hymenopenaeus nereus Munidopsis 
opalescens

Nematocarcinus 
agassizi

Polycheles tanneri

Nematocarcinus 
faxoni

Munida propinqua

Lebbeus scrippsi Munidopsis agassizi

Paracrangon 
areolata

Munidopsis 
alfredolaguardai

Willemoesia inornata Paralomis phrixa

(continued)
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The eastern Pacific, Indo-Pacific, and Atlantic contain species that seem to be 
cosmopolitan or belong to closely related clades, such as the Munidopsis subsqua-
mosa complex. Such clades suggest interconnectivity until fairly recently. The clos-
ing of the Isthmus of Panama between the Caribbean and the eastern Pacific may 
have occurred in stages. The latest estimate gives an estimated time of complete 
closing by an estimated 2.8  million years ago (O’Dea et  al. 2017). This closing 
resulted in many sibling species in the nearshore Caribbean and tropical eastern 
Pacific. How this closing affected the deep biota is less well understood. In compari-
son to the western Atlantic and Caribbean, the eastern Pacific exceeds the western 
Atlantic in species of the Lithodidae and Thoridae but has only one of the Nephropidae 
and fewer of the Glyphocrangonidae and Polychelidae than the western Atlantic-
Caribbean. The large crabs of the family Geryonidae, common inhabitants of the 
western Atlantic, are not known from the eastern Pacific. Thirty-nine species of the 
Munidopsidae (including Galacantha) have been reported for the entire eastern 
Pacific, as opposed to 25 in the Gulf of Mexico alone (Wicksten and Packard 2005). 
Whether these totals reflect differences in sampling effort or habitat diversity remain 
unknown. Recent descriptions of many new species by Jones and Macpherson 
(2017), among others, have added greatly to the number of eastern Pacific species 
and suggest that species diversity is poorly known and likely to be underestimated.

17.3.4  Habitats

Most early studies of deep-sea benthic animals were done by trawling, which usu-
ally is conducted on soft substrates. Shrimps and lobsters that usually are caught or 
seen on muddy or silty sea floors include the abyssal species Cerataspis monstrosa, 

Table 17.2 (continued)

Southwestern Mexico and 
Gulf of California to 
Panama and Ecuador

Southwestern 
Mexico to Peru or 
Chile

Costa Rica or Panama 
to Ecuador, Peru or 
Chile

Circum-Antarctic 
or Southern Chile

Nephropsis 
occidentalis

Munidopsis barrerei

Galacantha rostrata Munidopsis producta

Munidopsis hamata Probeebei mirabilis

Munidopsis palmatus Ethusina robusta

Parapagurus 
holthuisi

Trachycarcinus 
hystricosus

Paralomis aspera Paralomis inca

Paralomis otsuae Paralomis longipes

Paralomis papillata

Trachycarcinus 
corallinus

Ethusina faxoni
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Benthesicymus laciniatus, and Willemoesia spp.; Haliporoides diomedeae, which 
buries itself in soft substrates (Hendrickx 1995a, b); Nephropsis occidentalis 
(Manning 1970; Hendrickx 2003); and Glyphocrangon spp. Most records of 
Nematocarcinus spp. come from muddy areas, but recent ROV photographs also 
show them among rocks or manganese nodules (J.  Drazen, pers. comm.). 
Nematocarcinus burukovskyi and N. ovalis have been photographed at or near 
hydrothermal vents but also at a distance from them and are not considered to be 
obligate vent associates (Komai and Segonzac 2005). Recent photographs by 
Drazen et  al. (2019) show Cerataspis monstrosa, Hymenopenaeus nereus, 
Benthesicymus sp., Probeebei mirabilis, and an unidentified species of Munidopsis 
in a field of manganese nodules.

Eastern Pacific decapods are affected by the oxygen minimum zone (OMZ), a 
consistent feature along much of the eastern Pacific. The upper depth of the OMZ 
varies considerably, from less than 50 m off Peru to 200–600 m off California and 
Oregon. The lower limit also is variable, from 600–700 m off Chile and Peru to 
about 1100 m off North America (Helly and Levin 2004). Hypoxia is most severe 
off western Mexico and Central and South America, to less than 0.2 ml oxygen per 
liter, with North America usually above the 0.2 ml limit. The El Niño climatic con-
dition also can have a great influence, deepening the OMZ off Peru and Chile by 
more than 100 m but also having severe effects on pelagic organisms at lesser depths 
(Arntz et al. 2006). In the southern Gulf of California, there is no macrofauna inhab-
iting areas between approximately 150–500 m due to severe hypoxic or anaerobic 
conditions (Hendrickx 2003). Hendrickx and Hernandez Payán (2017) noted that 
both Nematocarcinus agassizii and N. faxoni are restricted to zones deeper than the 
core of the OMZ, as are Nephropsis occidentalis and Stereomastis pacificus (Papiol 
et al. 2016; Hendrickx and Serrano 2012).

17.3.5  Functional Anatomy

As in shallow-water species, decapods living on muddy sea floors generally have 
elongate dactyls that serve as stilts. Species of Nematocarcinus are rightly called 
“thread leg” shrimps, for their hairlike legs provide a minimum support for these 
shrimps at depth. Species of the Benthesicymidae have very thin legs as well as 
poorly calcified exoskeletons. Squat lobsters and lithodids living on rocks usually 
have sturdy appendages and may have spinules on their dactyls. The spinules may 
aid in gripping a host coral or the substrate. Lithodid crabs and burrowing species of 
Glyphocrangon and the Munidopsidae generally have sturdy exoskeletons. Deep-
sea crabs generally do not have swimming paddles or flat digging appendages, 
which can be characteristic of decapods of the continental shelf (e.g., the swimming 
crabs, family Portunidae, and the frog crabs, family Raninidae).

Garth and Haig (1971) noted that the crab Lophorochinia parabranchia, living 
within the OMZ of the Peru-Chile Trench, had greatly swollen gill chambers and 
enlarged excurrent openings. Lithodes couesi also has inflated branchial chambers 
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and large exhalent openings and scaphognathites (Somerton 1981). Species of 
Munidopsis represent the largest group of decapod crustaceans below the OMZ 
(Hendrickx 2012a). Bentheocetes  tanneri, Glyphocrangon spinulosa, and 
Nephropsis occidentalis also have been reported from conditions of low oxygen 
(Hendrickx 2003). Their particular adaptations to these conditions remain unstudied.

Many deep decapods have no or reduced vision. Members of the Polychelidae 
and Munidopsidae do not have pigmented eyes. Cymonomus menziesii has long 
eyestalks but no cornea. Crustaceans living in dim light may have superpositional 
eyes, in which screening pigments in the ommatidia are concentrated and allow 
light to pass through to more than one ommatidium before striking the rhabdome, 
which contains rhodopsin. These eyes are adapted to very low light but have less 
visual acuity and capability for image formation than is found in light-adapted eyes. 
In the Atlantic lobster, Nephrops norvegicus, the superposition compound eyes are 
large and able to adjust their sensitivity to spectral and temporal changes through 
movement of pigments. As in some other deep crustaceans, exposure to ambient 
surface light intensities can damage the retina layer, but such damage does not cause 
a noticeable impact on survival (Gaten et al. 2013).

In contrast, the abyssal anomurans Probeebei mirabilis and Parapagurus 
holthuisi (as P. abyssorum) have pigmented eyes that seem to be functional (Garth 
and Haig 1971). Hiller-Adams and Case (1988) stated benthic crustaceans living at 
greater depths tend to have larger eyes than those in lesser pelagic depths, and 
Warrant and Locket (2004) suggested that the better nutrition of the sea floor would 
favor agile crustaceans with larger eyes. Frank et al. (2012) found that the Atlantic 
chirostylid squat lobster Gastroptychus spinifer, which has large eyes, had greatest 
sensitivity in the blue region of the spectrum and could detect greenish biolumines-
cence. Although this squat lobster itself is not bioluminescent, it might be able to 
detect the difference between bioluminescence produced by zooplankton which it 
eats and that of the pennatulaceans and zoanthids on which it lives.

When illuminated or brought to the surface, deep-sea decapods may be bright 
red. Faxon (1895) illustrated six red benthic species by watercolors immediately 
after collection. Photographs show the same coloration in Cerataspis monstrosa 
(https://www.ncddc.noaa.gov/okeanosanimalguide/Dendrobranchiata005.html)) 
and Acanthephyra eximia (Baba et al. 1985). Many species of Munidopsis are white. 
Deep-sea fishes may be able to detect the colors from pigmentation at depth, so red 
colors, invisible at that depth, could serve in visual camouflage. Carotenoid (red) 
pigments also may be involved in physiological functions that remain unstudied.

Deep decapods, like shallow-water ones, have sensory setae of a wide variety of 
shapes and functions. Many have tactile setae on the pereopods and chemosensory 
setae (aesthetascs) on the first antennae. Decapods in general have gustatory setae 
on the inner mouthparts. The function of small peg setae, spinules, and other sensors 
remains unknown but might include detection of vibrations or currents. Many have 
long, whiplike second antennae that may serve in determining individual distance 
from conspecifics or moving through tight spaces.

17 Lower Slope and Abyssal Benthic Decapods of the Eastern Pacific
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17.3.6  Reproduction, Larval Stages, and Population Densities

Reproduction in deep decapods seems to be year-round. Photographs of lithodid 
crabs (Paralomis sp. and Neolithodes agassizii) show that adult females may be 
much smaller than the males holding them in the “mating embrace” (MBARI photo 
files). Some species produce large numbers of small eggs. The eastern Pacific 
Nematocarcinus agassizii and N. faxoni can carry up to 10,000 eggs (Hendrickx and 
Hernandez Payán 2017). Wenner (1979a) found that western Atlantic Nematocarcinus 
spp. produced as many as 15,573 eggs per female. Pandalus platyceros females 
carry a mean egg count of 2028 eggs per female (Butler 1970). Stereomastis pacifi-
cus had eggs approximately 1 mm in largest dimension. This size is similar to those 
of S. sculpta, a related Atlantic species, which carried as many as 19,080 eggs 
(Wicksten 1981). A female Lithodes couesi can carry as many as 5000 eggs but usu-
ally close to 4000 (Somerton 1981). Parapagurus foraminosus carries as many as 
2716 eggs that increase in diameter during development (Ayon Parente and 
Hendrickx 2009). Penaeoid shrimp females do not carry eggs ventrally, and so 
reproduction must be estimated by examination of the gonads.

Other decapods carry fewer, larger eggs. Lebbeus scrippsi females carried 32–66 
eggs (Hendrickx 2001). Glyphocrangon alata females carry 28–51 eggs; G. spinu-
losa, 11–16; and G. vicaria, 10–29 (Wicksten 1979). The few species of Munidopsis 
that have been studied have few large eggs and abbreviated development, but the 
larvae may be able to float for extended periods in nutritionally poor water (Jones 
and Macpherson 2007). Female Galacantha diomedeae carry from 11 to 126 large 
eggs (Hendrickx and Papiol 2019). A specimen of Uroptychus nitidus from the Gulf 
of Mexico carried 35 eggs (MKW, unpublished data).

Larval stages of deep decapods are poorly known and may be unidentifiable. 
Size distribution of larvae of S. pacificus taken in an Isaacs-Kidd midwater trawl 
(mesh size 3 mm) suggested that there were at least five larval stages, previously 
called the “Eryoneicus” larvae. The largest larval stages had a total length of 60 mm 
or more, as much as 0.8 times the total length of reproducing adults (Wicksten 
1981). Cerataspis monstrosa produces a bizarre larval form that only recently was 
matched with the adult (Bracken-Grissom et  al. 2012). Pandalus ampla has five 
zoeal stages and one postlarva (Park et al. 2004). In Galacantha diomedeae, the 
large eggs contain advanced embryos at stage 5, consistent with extended, leci-
thotrophic embryonic development and a reduced pelagic larval stage (Hendrickx 
and Papiol 2019).

Decapods have few indicators of lifespan other than the obvious—big ones prob-
ably are older than smaller ones. Brachyurans show obvious sexual dimorphism in 
the shape of the abdomen and often the length of the chelipeds relative to the body 
and the gape between the fingers of the chela. Pandalus dispar and Pandalus platy-
ceros from the northern Pacific generally live no more than 4 years, which may be 
typical of pandalids (Butler 1980).

Populations of deep benthic decapods can be patchy. Arana et al. (2003) found 
that groups of Haliporoides diomedae were separated by a submarine canyon. 
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Hendrickx and Hernandez Payán (2017) found that populations of Nematocarcinus 
faxoni varied from 1 to 800 animals per hectare in the Gulf of California and Pacific 
side of Baja California. Nematocarcinus agassizii was encountered less frequently 
but also varied in density, from 1 to 50 animals per hectare. The densities of both 
species declined with depth, with N. agassizii having its lowest values at the 
1701–2100  m interval and N. faxoni at 1301–500  m. Galacantha diomedeae 
occurred at maximum densities of 71 squat lobsters per hectare (Hendrickx and 
Papiol 2019).

Drazen et al. (2019) reported on scavenging decapods seen form baited camera 
traps and in camera transects in the Peru Basin. The shrimp Hymenopenaeus nereus 
was present in 63% of the images, showing up to 15 shrimp at once (average of 9 
shrimp per view). This abundance was similar to that seen for the species in the 
eastern Clarion-Clipperton Zone (Leitner et al. 2017). The hermit crab Probeebei 
mirabilis appeared in 29% of the images and in all deployments, with 1 to 9 crabs 
per view. The large number of these crabs seemed to be “unique” among abyssal 
scavenger studies. This large number of hermit crabs may not be an isolated occur-
rence. More than 300 Sympagurus pictus were taken in a single trawl in the Gulf of 
Mexico (MKW unpublished data). Such great numbers were not collected at any 
other station during 1964–2004 and seem likely to represent a short-term aggrega-
tion, perhaps at a sunken food source.

17.3.7  Natural History

There is very little natural history information available for deep slope and abyssal 
decapods. I have included published information on related species living in the 
Gulf of Mexico and western Atlantic, unpublished information from communica-
tions with colleagues, my own field notes, and information from preserved speci-
mens in the Biodiversity Research and Teaching Collections of Texas A&M 
University.

There is a general assumption that deep decapods feed on small benthic inverte-
brates, debris, mucus, bacterial mats, or other nutritional sources that they glean 
from the substrate. Two squat lobster species (Munidopsis verrilli and Munidopsis 
bracteosa) and the lithodid crab Neolithodes diomedeae have been collected or pho-
tographed at carcasses of dead whales (Jones and Macpherson 2007, MBARI photo 
files). Papiol and Hendrickx (2015) reported that Bentheocetes tanneri often fed on 
benthic or benthopelagic prey, especially the squat lobster Pleuroncodes planipes 
and oplophorid shrimps. Wenner (1979a, b) reported that Nematocarcinus ensifer 
and N. rotundus from the western Atlantic were omnivorous, feeding on fish parts, 
foraminiferans, polychaetes, and detritus. Glyphocrangon spp. from the western 
Atlantic also were omnivores, feeding on gastropods, fish scales, polychaetes, and 
unidentified detritus (Thompson 1963; Gore 1985). Glyphocrangon sculpta off 
Ireland was photographed more or less passively moving with the current across the 
sea floor, where it fed on bivalves, foraminiferans, and small infaunal crustaceans 
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(Lampitt and Burnham 1983). In situ photographs of Bathystylodactylus cf. inflatus 
from the western Pacific and an unidentified Bathystylodactylus from the Clarion- 
Clipperton Zone show the shrimps with their setose second appendages extended 
laterally, probably filter-feeding on small particles carried by a current (Amon et al. 
2017; Wicksten et al. 2017). Krygier and Pearcy (1981) captured a single Neocrangon 
abyssorum (as Crangon abyssorum) in a midwater trawl at a distance of more than 
1500  m from the sea floor and suggested that it might forage off the sea floor. 
Stereomastis pacificus has been taken in baited sablefish traps (Wicksten 1981), and 
Cerataspis monstrosa, Hymenopenaeus nereus, and an unidentified species of 
Benthesicymus were attracted to baited traps in the Peru Basin (Drazen et al. 2019). 
Lithodid crabs in general are detritivores or feed on mollusks, barnacles, and smaller 
crustaceans. Species of Munida may scavenge, feed on smaller crustaceans, or use 
setose maxillipeds to sweep detritus from the sea floor. A squat lobster (Sternostylus 
sp.) was photographed gleaning small particles from the water (L. Kuhnz MBARI 
pers. comm.). A large lithodid crab, probably Neolithodes agassizii, was photo-
graphed feeding on an ophiuroid in the western Atlantic (D.  Wagner, NOAA, 
Okeanos Explorer expedition 18-06).

Deep decapods may have consistent associations with other invertebrates. 
Bathypalaemonella serratipalma associates with soft corals (Wicksten and 
Heathman 2015). Unidentified Lebbeus species live on hexactinellid sponges 
(Fig. 17.1). Species of the small lobster Eiconaxius are commensals of hexactinellid 
sponges (Kensley 1996; Komai and Tsuchida 2012). Members of the family 
Chirostylidae seem consistently to associate with antipatharians or alcyonaceans. 
Uroptychus occidentalis, like the Atlantic U. nitidus, lives on Chrysogorgia spp. 
(Baba and Wicksten 2017, 2019); Heteroptychus nautilus, on bamboo corals 
(Isididae) (Baba and Wicksten 2019); Sternostylus iaspis, on gorgonians and antipa-
tharians (Wicksten 2012); and S. defensus, on antipatharians (Baba and Wicksten 
2019). The nature of the associations between these shrimps, lobsters, or anomurans 

Fig. 17.1 Lebbeus sp. on hexactinellid sponge Staurocalyptus sp., Davidson Seamount, 35.721 
degrees N, 122.724 degrees W. 1315 m. Photo courtesy of MBARI 2006
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and their sponge or cnidarian hosts is uncertain. Crustaceans may use their host as 
a perch off the sea floor, from which they can capture zooplankton, a safe refuge 
from predators, or a source of mucus and tissue on which they feed. They might also 
drive off potential predators on their host or remove debris adhering to it (Wagner 
et al. 2012). The hermit crab Parapagurus benedicti, like the related Atlantic P. pilo-
simanus, can inhabit a shell overgrown by zoanthids (M. Wicksten, field notes). 
Parapagurus foraminosus occupies shells of Bathybembix bairdii, often covered by 
an unidentified sea anemone (Actiniaria) (Hendrickx and Ayón Parente 2009). 
These cnidarians may discourage potential predators of the crab and at the same 
time gain locomotion. Juvenile Neolithodes diomedeae are found on or beneath the 
elasipodid holothurian Scotoplanes sp., where they may take shelter from predators 
(Barry et al. 2016). The caprellid amphipod Caprella ungulina clings to the legs of 
Paralomis multispina (Wicksten 1982). Paralomis longipes and other lithodid crabs 
may have stalked barnacles attached to the exoskeleton (Haig 1974).

Deep decapods can be are parasitized. Nematocarcinus spp. and Glyphocrangon 
spp. may be parasitized by isopods (Wenner 1979a; Markham 2016). Munidopsis 
antonii, M. depressa, and M. beringana are parasitized by bopyrid isopods (Román- 
Contreras 2008). Lithodes couesi can be parasitized by the rhizocephalan cirriped 
Briarosaccus callosus (Somerton 1981). Lithodes couesi can be parasitized by a 
dinoflagellate, Hematodinium sp. (Jensen et al. 2010).

Predators on deep decapods probably include each other, especially larval stages. 
Squids and octopuses live at depths and are likely to prey on decapods. Small sharks 
and benthic fishes of the families Macrouridae, Ophidiidae, and others prey on crus-
taceans and whatever else they can catch (Fitch and Lavenberg 1968). Deep deca-
pods can escape from predators by a rapid tail flip and swimming backward, as is 
found in many shrimps and squat lobsters (superfamily Galatheoidea), digging into 
the sea floor or hiding. Species of Glyphocrangon have locking ball and socket 
joints on the last three abdominal somites and telson as well as sharp teeth, ridges, 
and nodules on the exoskeleton (Rice 1981). These armored shrimps can arch the 
body so that the carapace and abdomen touch (Anderson and Bullis 1970). Large 
lithodid crabs may escape predation by means of a “size refugium”—they are too 
big for most predators to attack. Galacantha rostrata and G. diomedeae have formi-
dable dorsal spines, as do some juvenile lithodids.

17.3.8  Exploitation and Environmental Disturbance

Most fishing for decapods occurs on the continental shelf and upper slope, at 
depths at much less than 700 m. The cost of operating gear below 500 m has been 
a major factor in limiting fisheries, and so many deepwater species either are inci-
dental catch or part of exploratory fisheries (Hendrickx 1995a, b; Hendrickx and 
Hernandez Payán 2017). Wehrtmann et  al. (2012) compiled a comprehensive 
report on deepwater fisheries of the Central and South America. Most of these 
fisheries were for shrimps of the family Pandalidae (Heterocarpus affinis from 
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Mexico to Peru, H. reedei in Chile). Of these, H. affinis seems to have the greatest 
potential for a fishery but off Costa Rica; H. affinis is fished “only in negligible 
quantities.” The lower slope species considered for fisheries in western Mexico 
include the carideans Pandalus amplus and Nematocarcinus spp. and the penaeoid 
Bentheocetes tanneri. The penaeoid Haliporus diomedeae gradually increased in 
landings in Chile from the 1970s and then decreased as of 2012. The lithodid crab 
Paralomis longipes has been taken in traps off Peru, but as of 2012, the landings 
had declined considerably. Bentheocetes  tanneri, with a thin exoskeleton, was 
deemed to be too fragile to be easily caught and transported. Pandalus platyceros 
has been caught in traps and trawls from Alaska to southern California and has 
been considered for a potential fishery off western Mexico (Butler 1970; Sunada 
1984; Flores et al. 2004). Prized as seafood, the “spot prawn” currently sells for at 
least $37.95/pound (454 g) and thus is a luxury item. Lost fishing gear, including 
traps used to catch prawns, is a concern because it may become entangled with 
corals or sponges on the sea floor (Etnoyer et al. 2013).

The effects of manganese mining can include removal of hard substrate, creation 
of large sediment plume, and immediate mortality of resident species. Drazen et al. 
(2019) visited experimentally plowed areas in the Peru Basin. Using camera tran-
sects and baited traps, they found that fish density was lower in the first years fol-
lowing disturbance but increased over time. Twenty-six years after disturbance, 
there are no differences in overall fish densities between reference and experimental 
areas, but the dominant fish species still exhibited lower densities in the plowed 
habitat. The scavenging community was dominated by fishes, shrimps, and the her-
mit crab Probeebi mirabilis. Almost nothing is known about the lifespans and 
recruitment of these decapods, and one can only speculate that extensive distur-
bance in their habitat would have a negative effect on them.

New evidence points to the damaging effects of plastics on marine animals, even 
deep-sea crustaceans. Jamieson et al. (2019) found that 72% of the deep-sea amphi-
pods (Lyssianassidae) collected in deep-sea trenches (including the Peru-Chile 
Trench) at 7000–10,890  m contained microplastics. Amphipods being common 
scavengers and likely to enter the food chain for larger crustaceans, fishes, and 
cephalopods, it seems likely that these pollutants also pose a threat to deep-sea 
decapods.

Pandalid shrimps, lithodid crabs, and Munidopsis spp. have been photographed 
clinging to shipwrecks and sunken cargo containers (MBARI file photographs, 
M. Wicksten unpublished.) The photographs from ROV’s generally do not show the 
interior of these structures, where rust, obstructions, and layers of anoxic sediments 
tend to accumulate. These metal structures at least for a time can offer a raised hard 
area that acts as an “artificial reef,” but their lifespan is limited by the time it takes 
for them to rust, fall apart, and sink down into a silty sea floor.
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Chapter 18
Conservation Strategies for Potential New 
Deep-Sea Crustacean Fisheries 
in the Colombian Caribbean under 
an Ecosystem Approach

J. Paramo, M. Grijalba-Bendeck, D. Pérez, A. Espinoza- Tenorio, 
and M. Wolff

Abstract The further development of the fisheries in Colombia should consider the 
identification of potential new resources based on knowledge of characteristics of 
the deep-sea habitats and the organisms which highlight the need for broad explor-
atory surveys and an ecosystem approach to fisheries management (EAF). The 
objective of this work was thus to advice management and conservation strategies 
for the possible new deep-sea crustacean fisheries in the Colombian Caribbean 
based on an ecosystem approach to fisheries. The management of both the shallow 
water shrimp fishery and the potential new deep-sea crustacean fishery should be 
based on baseline information of the population dynamics and size structure of tar-
get species and the optimum level of fishing effort and catch volumes and should 
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also consider the development of strategies for constant resource and ecosystem 
monitoring. Open ocean marine protected areas for the protection of nursery and 
spawning areas should also be considered.

Keywords Colombian Caribbean · Deep-sea crustacean · Ecosystem approach to 
fisheries · Management

18.1  Introduction

Fisheries have always been important to humanity (Christensen 2011) and are the 
source of a significant amount of food produced for human consumption (Hart and 
Pearson 2011). However, intensive fisheries are depleting marine resources in many 
parts of the ocean, and fisheries management has often been ineffective (Daan et al. 
2011). Declining fish stocks, combined with the indirect effects of fishing on the 
marine ecosystems, demonstrate that fisheries management in a great part of the 
world has failed to achieve sustainability (Worm et al. 2006, 2011; Hutchings et al. 
2010; Longhurst 2010). This failure is mainly the result of increasing fishing effort 
in response to the intense social-political pressure to obtain larger catches in the 
short term, despite limited knowledge of fisheries systems (Pauly et al. 2003) and 
disregarding the complexity of wider ecological interactions and possible impacts 
on fragile marine ecosystems (Longhurst 2010).

Over the past decades, intensive exploitation of the fishing resources, mainly on 
the continental shelves, has led to the progressively declining catches of many fish 
and crustacean stocks (Pauly et al. 2003). As a response, new fishing areas in the 
high seas and in deeper waters are being searched for, taking advantage of recent 
advances in capture technologies (Pauly et al. 2003). Nevertheless, deep-sea ecosys-
tems (defined here as >200 m; Cavanagh and Kyne 2006) and their fisheries are not 
considered highly productive and are known to be especially vulnerable to overex-
ploitation due to the life history characteristics of deep-sea species, including 
extreme longevity, slow growth rate, late maturity, and low fecundity (Morato et al. 
2006; Follesa et al. 2011). The potential effects of the fishery on deep-sea resources 
include the extensive restructuring of entire ecosystems, changes in the geographi-
cal ranges of many species, large-scale elimination of taxa, and a decline in biodi-
versity at all scales (Robison 2009). Stocks of deep waters thus tend to collapse 
much more rapidly, and their recuperation is slower, compared to resources from 
shallow environments (Roberts 2002). The United Nations (UN) General Assembly 
had declared 2021–2030 as Decade on “Ecosystem Restoration” (ONU 2020), and 
within 17 Sustainable Development Goals (SDGs) for 2030, the SDG 14 (life below 
water) is related to the conservation and sustainable use of the oceans, seas, and 
marine resources for sustainable development (www.sustainabledevelopment.
un.org/sdg14). Therefore, management on new deep-sea fisheries should avoid 
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actions of irreversible degradation, advocate for mitigation of the impacts caused on 
deep-sea ecosystems, and restore the degraded deep-sea habitats (Da Ros et al. 2019).

Among the results of anthropogenic impact, which affect these ecosystems, are 
(i) the removal of predators by fishing and the removal of habitat-forming species 
(such as gorgonians and stony corals), (ii) the modification of the food webs as a 
response of the bycatch and catching only commercial important species, (iii) the 
accumulation of heavy metals and toxins, and (iv) global climate changes that alter 
the quantity and quality of food that reaches the deep waters (WWF/IUCN 2004). 
Therefore, the sustainable use of new deep-sea fishery resources should include 
knowledge of the life history of the target species, of their ecology and bio- economic 
potential, as well as of the associated biodiversity in deep-sea ecosystems (FAO 
2003; Munro 2011).

In the Colombian Caribbean, most of the coastal fisheries are currently being 
exploited at or above maximum sustainable level (Paramo et al. 2009; Paramo and 
Saint-Paul 2010). Since tropical fisheries are complex multispecies systems, which 
intensively exploit a wide range of species and sizes, a generalized overexploitation 
of fisheries resources may easily occur (Munro 2011). If the fisheries of Colombia 
are to be further developed, potential new resources in areas yet not accessed should 
be identified based on knowledge of characteristics of the deep-sea habitats and the 
organisms they inhabit. A potential sustainable use of those resources needs an eco-
system approach to fisheries management (EAF).

EAF seeks to balance diverse societal objectives, by taking account of biotic, 
abiotic, and human components of ecosystems and their interactions and applying a 
holistic approach to fisheries management (Garcia et al. 2003; Bianchi 2008). Since 
for the development of an adaptive management agenda the monitoring and evalua-
tion of sustainability indicators is a key step (Espinoza-Tenorio et al. 2014), we used 
several of those indicators (Shin et al. 2010) to advice management and conserva-
tion strategies for the possible new deep-sea crustacean fisheries in the Colombian 
Caribbean.

18.2  Materials and Methods

Data were obtained by trawling in depths between 200 and 550 m (100 m strata 
intervals) in the Colombian Caribbean. Sampling was carried out in August and 
December 2009 as well as in March and May 2010 using a commercial shrimp 
trawler through a bottom trawl with a cod-end mesh size of 44.5 mm from knot to 
knot. The location of samples depended on the existence of trawlable bottoms, 
determined by an echosounder Furuno FCV 1150 with a transducer at a frequency 
of 28 kHz. A total of 87 stations were sampled, with at least two hauls per 100 m 
depth stratum (Fig. 18.1). The haul duration was 30 min, and the distance traveled 
by the net was estimated using a GPS Garmin MAP 76CSx. The deep-sea crusta-
cean and fish catch from each haul was analyzed for biomass (kg/km2). The swept 
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area was estimated from the spread of the net (11.58 m) and the speed of the vessel 
(average 2.5 knots) (Gunderson 1993; King 2007).

18.3  Results

18.3.1  Potential New Crustacean Fishery 
in the Colombian Caribbean

Penaeid shrimps of shallow water are an important fisheries resource in the 
Colombian Caribbean, generating large amounts of direct and indirect employment 
and foreign currency through exports due to their high value on international mar-
kets. However, there is little biological information on this shallow water shrimp 
fishery, and stock assessment to determine the abundance and spatial distribution of 
the species is required to establish artisanal and industrial fishing zones and solve 
conflicts between stakeholders in accordance with the code of conduct for respon-
sible fisheries (FAO 1995). In the Colombian Caribbean, the shallow water shrimp 
fishery targets the species Penaeus notialis (Pérez-Farfante, 1967), Penaeus brasil-
iensis (Latreille, 1817), Penaeus subtilis (Pérez-Farfante, 1967), and Litopenaeus 
schmitti (Burkenroad, 1936), but P. notialis constitute around 70% of the total 
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shrimp catch. This fishery has gone through different stages of development from 
growth, fully exploited, overexploited, to collapse and is probably currently at a 
recovery stage, with the result of a significant depletion in shrimp stocks (Paramo 
and Saint- Paul 2010). Therefore, in the Colombian Caribbean Sea, fisheries man-
agement measures, additional to those used traditionally, are necessary to protect 
fisheries resources and to improve the sustainability of the fisheries. These measures 
should be based on an EAF, including the establishment of marine protected areas, 
which have recently emerged as a tool for marine conservation and fisheries man-
agement (Paramo et al. 2009). Most shrimps are benthic organisms, inhabiting a 
variety of bottom habitats such as sandy, muddy, rocky, or a mixture of these, that 
are exploited in shallow waters at depths above 100 m (Carpenter 2002). However, 
in FAO Fishing Area 31 (Caribbean region), there is a deep-sea shrimp fishery tar-
geting the commercial species Aristaeomorpha foliacea (Risso, 1827) and Pleoticus 
robustus (Smith, 1885) at depths greater than 200 m (Carpenter 2002), and the deep-
sea Caribbean lobster Metanephrops binghami (Boone, 1927) is reported to have 
potential for economic exploitation in Venezuelan waters (Gómez et al. 2000, 2005) 
(Table 18.1). Nevertheless, at present there is no deep-sea crustacean fishery in the 
Colombian Caribbean. Due to the substantial marketability of these deep-sea crus-
taceans in international markets, these deep-sea crustaceans represent a potential 
new economic resource in the Colombian Caribbean Sea. Recent research revealed 
the potential of the deep-sea giant red shrimp (Aristaeomorpha foliacea), the royal 
red shrimp (Pleoticus robustus) (Paramo and Saint-Paul 2012a), the pink speckled 
deep-sea shrimp (Penaeopsis serrata Burkenroad, 1936) (Paramo and Saint-Paul 
2012b), and the deep-sea lobster (Metanephrops binghami) (Paramo and Saint-Paul 
2012c) as new fishing resources. However, the authors of the mentioned studies 
recommend further scientific assessment to be conducted to determine the popula-
tion life cycle characteristics of those deep-sea crustaceans and to estimate the asso-
ciated biodiversity before initiating a new commercial fishery.

In a survey deep-sea fish assemblages were studied across a depth range of 
200–550 m from the Colombian Caribbean Sea, and concerns were raised for the 
need of an ecosystem approach to fisheries management (Paramo et  al. 2012). 
The authors recommended that any management of potential new deep-sea crus-
tacean fishery need to allow an appropriate level of biodiversity and the habitat 
quality to be maintained. Specifically, they argue that population dynamics and 
size structure of the target and non-target species, the optimum allocation of 
catches and effort, and the protection of nursery and spawning areas should be 
elements of the EAF, as well as strategies for monitoring the health of those deep-
sea ecosystems.

Highest biomass values of deep-sea crustacean and fish were found in the north-
ern zone of the Colombian Caribbean, mainly between Santa Marta and Riohacha. 
In addition to this, high biomass values in the southern zone were found in front of 
Cartagena and Morrosquillo Gulf (Fig. 18.2).
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18.3.2  Potential Fishery Target Species

18.3.2.1  The Giant Red Shrimp (Aristaeomorpha foliacea)

Aristaeomorpha foliacea is found in deep waters from 250 to 1300 m over mud bot-
tom and is actively fished outside Colombian waters because of its high commercial 
value (Tavares 2002). It has a wide geographical distribution from the Mediterranean 
Sea, the eastern and western Atlantic, the Indian Ocean, and the western Pacific 
from Japan to Australia, New Zealand, and the Fiji Islands (Tavares 2002). An 
exploration of deep waters off the Yucatan Peninsula in Mexico showed that A. 

Table 18.1 Indicators for monitoring the ecological status of marine ecosystems

Indicator Potential deep-sea implications Source

1. Total biomass 
of surveyed 
species

Alternatives to complete biodiversity monitoring 
include the assessment of functional ecological 
groupings at each trophic level, such as guilds of 
predatory fishes or large, omnivorous siphonophores

Robison (2009)

2. ABC method Indicator of disturbance for antropic and 
environmental impacts in different communities, 
macrozoobenthos, macrobenthos, and demersal fish. 
Based on the comparison of biomass respect to the 
abundance of individuals in a community at the 
same time and space

Warwick (1986), 
Clarke and Warwick 
(1994), Stenton- 
Dozey et al. (1999), 
Yemane et al. (2005)

3. Size spectra Evaluate the state of communities and their degree 
of disturbance, caused mainly by the fisheries, by 
characterizing the behavior of abundance or biomass 
with respect to the variation in body size

Shin et al. (2005), 
Edwards et al. (2017)

4. Trophic level 
of landings

Commercial fishing pressures may affect deep 
pelagic biodiversity by “fishing down the food web.” 
As the numbers of top predators have declined, 
fishing effort has shifted to species at lower trophic 
levels

Pauly et al. (1998)

5. Proportion of 
predatory fish

Deep-sea top predators are pinnipeds, whales, tunas, 
and swordfish that feed in midwater as deep as 
1000 m or more. Life history characteristics of these 
deep-sea species include extreme longevity, slow 
growth rate, late maturity, and low fecundity

Morato et al. (2006), 
Follesa et al. (2011), 
Robison (2009)

6. Proportion of 
under- and 
moderately 
exploited stocks

Number of under- and moderately exploited species/
number of target species

Shin et al. (2010)

7. Mean life span Turnover or retention rates for each compartment: 
How long is the mean, characteristic life span of the 
group?

Håkanson (2004)

8. Reciprocal of 
the coefficient of 
variation of total 
biomass

1/coefficient of variation (CV) of total biomass Robison (2009)
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Fig. 18.2 Spatial distribution of biomass (kg/km2) of deep-sea crustacean and fish in the 
Colombian Caribbean Sea
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foliacea represents a potential fisheries resource (Gracia et al. 2010). A. foliacea 
constitutes a valuable deep-sea shrimp fishery of the south-eastern and southern 
sectors of the Brazilian coast (Pezzuto et al. 2006; Dallagnolo et al. 2009) and is a 
commercially important shrimp species in the deep waters of the Mediterranean Sea 
(D’Onghia et al. 1998; Figueiredo et al. 2001; Papaconstantinou and Kapiris 2003; 
Politou et al. 2004; Mouffok et al. 2008).

18.3.2.2  The Royal Red Deep Shrimp (Pleoticus robustus)

Pleoticus robustus is captured in high abundances off the coast of northeastern 
Florida, near the Dry Tortugas Islands, in the Mississippi delta and off the coast of 
Venezuela (Tavares 2002). However, recent exploration of deep waters off the 
Yucatan Peninsula in Mexico showed that P. robustus represents a potential fisheries 
resource (Gracia et al. 2010). This species inhabits continental slopes from 180 to 
730 m depth and is most abundant at depths between 250 and 475 m over mud, sand, 
muddy sand, or white calcareous mud (Tavares 2002).

18.3.2.3  The Pink Speckled Shrimp (Penaeopsis serrata)

Penaeopsis serrata is of potential commercial importance in the western and eastern 
Atlantic (Holthuis 1980). The species of genus Penaeopsis are benthic, occurring in 
the upper part of the continental and insular slopes of tropical and subtropical 
regions (Pérez-Farfante 1980). P. serrata is distributed in the eastern Atlantic off 
north-west Africa (Morocco, Río de Oro), the western Atlantic in North Carolina 
(USA) to Surinam, the Bahamas Islands, the Gulf of Mexico, the Caribbean Sea 
(Holthuis 1980; Pérez-Farfante 1980), and the Mediterranean Sea off Alborón 
Island and in the Sardinian Channel (Mura et al. 2002).

18.3.2.4  The Caribbean Lobster (Metanephrops binghami)

Metanephrops binghami is distributed from the Bahamas and southern Florida to 
French Guiana, including the Gulf of Mexico and the Caribbean Sea (Tavares 2002; 
Holthuis 1991). Crustaceans of the genus Metanephrops are an important economic 
resource (Holthuis 1991; Chan 1998; Chan et al. 2009) in some tropical and sub-
tropical regions. Three deep-water crustaceans of the species Metanephrops are 
exploited commercially on the continental slopes of north-west Australia: 
Metanephrops boschmai (Holthuis, 1964), M. andamanicus (Wood-Mason, 1892), 
and M. australiensis (Bruce, 1966) (Ward and Davis 1987; Wassenberg and Hill 
1989). New Zealand has developed a deep-water lobster fishery, targeting scampi 
(Metanephrops challenger Balss, 1914) (Smith 1999). An economically important 
commercial fishery exists in Taiwan and East China Sea for M. thomsoni (Bate, 
1888), M. japonicus (Tapparone-Canefri, 1873), and M. formosanus (Chan and Yu, 
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1987) (Choi et al. 2008). Metanephrops binghami has potential for an economic 
exploitation in waters of Venezuela (Gómez et al. 2000, 2005).

18.3.3  Monitoring the Ecological Status of Resources 
and Ecosystem

Fisheries management practices are failing to protect individual stocks and ecosys-
tems; therefore, fisheries management should move from single species manage-
ment towards an ecosystem approach to fisheries (EAF) (Hilborn 2010). 
Nevertheless, approaches based on species are also necessary to understand and to 
analyze how they contribute to the communities and ecosystems (Guijarro et  al. 
2011). A fishery consists of an ecosystem with the embedded resources, a fishing 
fleet, and a management system. An EAF should be implemented with stakeholder 
cooperation, provide good governance and effective enforcement (Hilborn 2010), 
and be guided by key indicators of ecosystem condition (Levin et al. 2009). The 
code of conduct for responsible fisheries (FAO 2009) calls for the use of best scien-
tific evidence for management and the need of comprehensive knowledge of 
resource dynamics and habitat conditions to advice for the conservation and man-
agement of fisheries. However, in developing countries, there is a lack of institu-
tional capacity building and funding to carry out the research related to fisheries and 
their ecosystems, required for an EAF (Mathew 2011). Additionally, deep-sea fish-
eries are usually data-poor, with only landing records and rarely scientific survey 
data being available. Many deep-water species are also difficult to age reliably 
(Lorance et  al. 2011). Nevertheless, to overcome the data limitation and in the 
absence of modelling support, simple indicators have proven to be useful to assess 
the state of the fisheries resources and its ecosystem and to monitor changes as they 
occur (Ye et al. 2011). Such indicators should be based on easily obtainable and 
reliable data, should adequately reflect the condition of the resource, and should 
allow to define associated reference values and responsive management measures.

To develop baseline knowledge for a new deep-sea fishery in the Colombian 
Caribbean, the following fundamental questions must be addressed: Which 
resources can we use sustainably? Where can we fish them? How is the associated 
biodiversity to be affected and how can we achieve a sustainable fishery under an 
ecosystem approach to fisheries management? What are the ecologically spatial and 
temporal scales that should be measured? Given the marked population reductions 
of crustaceans and deep-sea fish in many parts of the oceans, voices around the 
world are raised seeking to protect these environments (Dallagnolo et  al. 2009; 
Pérez et  al. 2013), considering even the prohibition of fishing below a depth of 
1000 m (Fisheries Commission for the Mediterranean GFCM). Therefore, it is nec-
essary to understand and evaluate how human activities could modify the complex 
community structures that these stocks are embedded in the Colombian Caribbean 
and to take decisions within a context of development based on strategies of 
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management with an ecosystem approach (Bensch et al. 2008), which permits the 
healthy permanence of these environments and their resources. According to Shin 
et al. (2010), four management objectives can be distinguished as a means of evalu-
ating the ecological state of marine ecosystems (Fig. 18.3): conservation of biodi-
versity (CB), maintenance of ecosystem stability and resistance to perturbations 
(SR), maintenance of ecosystem structure and functioning (EF), and maintaining 
resource potential (RP). Eight indicators were selected to attain these objectives 
(Table 18.1).

To assess the resource potential (RP) of an ecosystem, the total biomass of sur-
veyed species is a useful indicator of changes over time, which measures the pro-
duction capacity and potential contribution of the ecosystem as an exploitable 
marine resource. The inverse measure of the level of exploitation or total fishing 
pressure on an ecosystem 1/(landing/biomass) reflects the proportion of the com-
munity production that is taken by the fishery and serves as a proxy for exploitation 
rate. With the mean length of fish in the community, we can assess the direct effects 
of fishing on an ecosystem (EF). Accordingly, the mean trophic level (TL) of spe-
cies exploited by the fishery represents the trophic position of the whole catch, 
which is expected to decrease with fishing intensity (EF). Fishing can thus change 

Ecological state of marine ecosystem

Management objectives

Conservation of
biodiversity (CB)

Maintenance of ecosystem stability
and resistance to perturbations (SR)

Proportion of
predatory fish

Proportion of under
and moderately
exploited stocks

Mean lifespan Mean length of
fish community

Total biomass
of species

1/(landings/
biomass)

Trophic level
of landings

Size spectra

Monitoring ecosystem
indicators

Develop indicators targets

Adaptative management
(Change of indicators)

Management strategies under
Ecosystem Approach to Fisheries

1/CV of total
biomass

Abundance/Biomass
Comparison (ABC)
method

Maintenance of ecosystem
structure and functioning (EF)

Ecosystem indicators

Maintaining resource
potential (EF)

Fig. 18.3 Proposal of management strategies under an ecosystem approach to fisheries (EAF) for 
deep-sea fisheries in the Colombian Caribbean
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the structure of marine food webs by reducing the mean TL and thereby affecting 
ecosystem functioning by shortening the length of food chains and releasing preda-
tion on low-trophic-level organisms. For instance, species with short generation 
times and high fecundity (e.g., gelatinous animals, squids) are particularly suited to 
the opportunistic replacement of vertebrates with late maturity and fewer young, 
such as top predators (Lynam et al. 2006).

The proportion of predatory fish is a measure of the diversity of fish in the com-
munity (CB) and reflects the potential effects of fishing on the functioning of marine 
food webs. The removal of larger and more fecund fish could compromise popula-
tion productivity. Also, the removal of larger species changes the size structure of 
the community and ecosystem functioning.

How the fishery of deep-sea species will affect deep-sea pelagic biodiversity and 
ecosystem functioning is difficult to predict, however, because too little is as yet 
known about the trophic webs and because there is insufficient baseline data to 
reveal changes (Robison 2009). The proportion of under- and moderately exploited 
stocks (CB) is a measure of the success of fisheries management and is used to 
compare the state of ecosystems. The initial content of a baseline data set would be 
a list of commercial species and their relative abundances, both in catch statistics 
and ecosystem fishery surveys. The mean life span of a community will reflect the 
relative abundances of species with different turnover rates and is a proxy for the 
mean turnover rate of species and communities and is intended to reflect the stabil-
ity of a system. This is also considered a measure of ecosystem resistance to pertur-
bations (SR). A measure of the stability of the ecosystem (SR) is the 1/coefficient of 
variation (CV) of total biomass, with a low 1/CV indicating low biomass stability 
and thus low ecosystem stability in response to perturbations. As total biomass 
decreases, the area occupied by the various stocks may decrease, the stocks may be 
more patchily distributed, or they may occupy the same area at a lower density.

The abundance/biomass comparison (ABC) method is widely used as an indica-
tor of disturbance in different communities, macrozoobenthos, macrobenthos, and 
demersal fish (Warwick 1986; Stenton-Dozey et al. 1999; Yemane et al. 2005). This 
technique is based on the comparison of biomass respect to the abundance of indi-
viduals in a community at the same time and place, without the need for spatial or a 
temporal control as a reference (Warwick 1986). An undisturbed community is 
dominated by slow-growing, large-sized, late-maturing species, and therefore the 
biomass curve tends to be above the abundance curve. Whereas in a disturbance 
scenario that can be caused by anthropic activities such as fishing, oil and gas 
extraction, or environmental impacts, opportunistic species of small sizes, with 
rapid growth and early maturation, are dominated, where the biomass curve is below 
the abundance curve (Clarke and Warwick 1994). The ABC method was used to 
identify the degree of alteration of a shallow water demersal fish community in the 
Colombian Caribbean, indicating a moderately altered assemblage (Paramo et al. 
2009). Something very interesting about the ABC method is that a spatial analysis 
can also be made of the degree of alteration related to fishing activity and to identify 
marine protected areas for fisheries management (Paramo et al. 2009; Pérez et al. 
2019). Pérez et  al. (2019) used the ABC method to study mega-invertebrate 
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assemblage in a pristine ecosystem in the Colombian Caribbean, showing an undis-
turbed community. The authors also made a spatial analysis of the degree of altera-
tion, showing possible nursey areas for fishing protection.

Another indicator commonly used to determine the state of ecosystems or distur-
bances mainly due to fishing activity is the size spectrum (Rice and Gislason 1996; 
Bianchi et al. 2000; Blanchard et al. 2005; Shin et al. 2005; Law et al. 2012; Jacobsen 
et al. 2014; Thorpe et al. 2015; Edwards et al. 2017). Body size is linked to the 
physiological characteristics of individuals and their life history (Peters 1983; West 
et al. 1997; Gillooly et al. 2001; Brown et al. 2004). This indicator is based on the 
comparison of the slopes or b parameter of the spectra of abundance or biomass 
distributions of the communities (Edwards et al. 2017). The steepness of the slope 
of the abundance size spectrum reflects the removal of large species from the system 
and possibly increased predation pressure on smaller sizes. On the other hand, when 
the slope decreases, it indicates a general reduction in the abundance of the com-
munity (Blanchard et al. 2005; Daan et al. 2005). The data to develop this indicator 
can be obtained from various sources including samples by trawling, underwater 
visual census survey for fish, benthic invertebrates in sediments, and remote sensors 
to determination of chlorophyll, which makes it a useful tool for management and 
conservation of the ecosystem (Petchey and Belgrano 2010; Edwards et al. 2017).

18.3.4  Bycatch Reduction

Discards are described as the proportion of the total organic material of animal ori-
gin in the catch that is thrown away or dumped at sea, for whatever reason, and are 
one of the most important topics in fisheries management (FAO 2010). Bycatch is 
the part of a catch that is taken incidentally in addition to the target species towards 
which fishing effort is directed, but some or all of it may be returned to the sea as 
discards, usually dead or dying (FAO 2010). Notwithstanding, global fishery dis-
cards have significantly declined (Zeller and Pauly 2005; Davies et al. 2009), due to 
improved selectivity of fishing technology and greater utilization of the bycatch for 
aquaculture and human consumption (Bellido et  al. 2011). According to this, 
Heymans et  al. (2011) modelled the deep-sea ecosystem of the Rockall area 
(200 miles off the west of Scotland) using Ecopath with Ecosim and identified the 
lack of discard data from deep-water fisheries in the area as an important limitation 
and potentially a substantial source of error in the model. This emphasizes the 
importance of having a good knowledge and quantification of discards to assess 
ecosystem status, as required for the implementation of EAF.

Zhou et al. (2010) mention that less selective fishing gears may help to maintain 
diversity and functioning in certain marine ecosystems, through a “balanced” 
exploitation, in which a reduced fishing effort is combined with less selective fish-
ing strategies allowing for better use of the multispecies catch to achieve sustainable 
yields while maintaining healthy ecosystems. Diversifying the harvest and learning 
to utilize a wider variety of products were also recommended by Hall and Mainprize 

J. Paramo et al.



433

(2005). Fisheries production could increase through better use of non-target species 
while reducing unsustainably high catches of high-trophic-level target species, 
thereby helping to meet the challenge of increasing global food demand (Zhou et al. 
2010) and maintaining the ecosystem size spectrum.

18.3.5  Spatial Management Through Marine Protected Areas

The implementation of spatial management, with zoning for different kinds of fish-
ing activity and use of seasonal or temporary closures, is one important measure that 
should be included in the management of the proposed new deep-sea fishery in the 
Colombian Caribbean. Those spatial management measures must be underpinned 
by a good knowledge of the biology, spatial distribution, and abundance of both 
resource species and other species impacted by fisheries, including protected spe-
cies (Bellido et al. 2011). Marine protected areas (MPA) have recently emerged as 
a tool for marine conservation and fisheries management following an ecosystem- 
based approach (Worm et al. 2006; Paramo et al. 2009; Fraser et al. 2009; Jackson 
and Jacquet 2011). The general concept of an open-ocean international reserve that 
includes the full water column and the deep seafloor was proposed by Mills and 
Carlton (1998). They envisioned restrictions on shipping, fishing, mining, dumping, 
weapons, and floating cities.

The assemblages of fish and invertebrates in deep-sea are complex and are com-
prised by a high number of species and individuals (Paramo et al. 2012) of compa-
rable numbers. In the deep sea of the Colombian Caribbean, species abundances 
have been described that are even superior to those that have been described for 
other deep regions of the North Atlantic and the Gulf of Mexico (Haedrich et al. 
2001; Powell and Haedrich 2003; Priede et  al. 2011; Godbold et  al. 2013). The 
results confirm that the Caribbean Sea of Colombia, as part of the southeast of the 
Great Caribbean Basin, contributes as a center of high biodiversity and a nucleus of 
origin and adaptive evolution (Briggs 2007). Several studies have demonstrated that 
the greatest species abundance and biodiversity are concentrated in the north of the 
Colombian Caribbean, along the length of the department of the Guajira, with a 
marked preponderance off the coast of Riohacha (Paramo et al. 2009; Paramo et al. 
2012). The elevated productivity in this zone is attributed to events of seasonal 
upwelling that enrich the deepest ecosystems with organic material of phytodetritus 
from the epipelagic zone (Paramo et al. 2009; Rice et al. 1986; Paramo et al. 2011, 
Correa-Ramírez et al. 2020), which also influences neighboring zones. In this way, 
the supply of food, which proceeds from the productive shallow waters, acts as a 
mediating seasonal agent of the reproductive processes and of the trophic interac-
tions that occur in the different strata of the water column down to the sea floor 
(Fernández-Arcaya et al. 2013). This zone of upwelling, like others in the world, 
permits the enrichment of the waters and with it the development, establishment, 
and renovation of the innumerable populations of organisms, counteracting the 
impact that human activities have on them.
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In the same manner as in the case of deep-sea corals, the fish resources in these 
strata are subject to a high risk due to the growth of the offshore hydrocarbon indus-
try and the modernization of the fishing technology to reach deeper ecosystems; 
their protection would be imperative which involves objectives of conservation:

 1. Conserve fishing resources both commercial and non-commercial (fish and crus-
taceans), which are found between 200 and 600 m of depth, which comprise 
highly complex and dynamic assemblages that represent one of the nuclei of the 
diversity of the southwestern Caribbean and a center of origin and adaptive evo-
lution; protection is necessary.

 2. Contribute towards the conservation of deep-sea communities and their habitats 
which supply resources for fishing, by considering these the focal point of expor-
tation of materials and energy towards neighboring ecosystems.

 3. Contribute to the processes of vertical and horizontal connection in the northern 
zone of the Colombian Caribbean.

 4. Favor the conservation of the deep-sea resources considering their individual 
conditions of low resistance and high vulnerability.

 5. Do not allow fishing of any kind beyond 600 m depth to protect the reproductive 
adult population and biodiversity.

Upon considering some of the proposed criteria in the literature (http://www.aida.
ngo), policies of protection of the marine waters, which could be applied in this 
case, are the Marine Protected Areas (MPA) and the Fisheries Protected Areas 
(FPA). In the latter two types of areas are included: (i) areas closed to fishing and 
(ii) fisheries reserves that propose a code of conduct for the management of the 
zone, the techniques used, and the resources targeted. By the same, various modali-
ties are considered in the areas closed to fishing: (a) a regulated fishing zone that 
prohibits determined methods of fishing, at least for certain periods of time; (b) a 
protected fishing zone, also called a conservation zone, which seeks the protection 
of one or various pelagic resources and/or specific demersal zones; (c) a zone in 
which fishing is prohibited, which restricts some type of fishing and other extractive 
measures; (d) a zone in the process of restoration, which seeks to restore marine 
habitats on which certain resources of fisheries depend; and (e) marine refuges, 
which are marine areas permanently closed to the fishing of one or various species 
in order to promote the concentration of breeders or nursery areas (http://www.
aida.ngo).

Understanding the connections between the constituents and the ecological com-
munities is fundamental for defining strategies of conservation (Halpern and Agardy 
2014). Nevertheless, while much of the structure and function of the deep-sea envi-
ronments is unknown, these environments provide numerous ecosystemic services 
that must be conserved for the future. In this case, an applicable strategy of conser-
vation seems to be the FPA, with “The spatial and/or temporal prohibition of fishing 
in a given zone, whether totally or partially, and in this case, permitting determined 
fishing activities that do not affect negatively the resource that needs to be pro-
tected” (AIDA 2015). This would be an adequate strategy, given its applicability to 
the continental shelf, its orientation towards the protection of species of commercial 
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importance, and its final objective of the protection of fishing grounds, rather than 
the protection of biodiversity, although it favors the latter directly (https://aida-
americas.org/).

Some countries are considering implementing a depth limit to bottom trawling to 
manage deep-sea fisheries. Clarke et al. (2015) showed evidence that biodiversity 
and the ratio of Elasmobranchii (sharks and rays) to commercial biomass increased 
between 600 and 800 m depth, while commercial value decreases. Therefore, limit-
ing bottom trawling to a maximum depth of 600 m could be an effective manage-
ment strategy. In fact, the bathymetric distribution of the ratios of bycatch to 
commercial crustaceans (CC), teleostean to CC, and non-CC to CC decreased in 
relation to increasing depth among the main biological categories (crustaceans, tele-
ostean fish, chondrichthyes, and mollusks) of a potentially new deep-sea resource in 
the Colombian Caribbean (Grijalba-Bendeck et al. 2019). For that reason, the begin-
ning of this potentially new deep-sea fishery must consider sustainable use only up 
to 600 m depth.

18.4  Conclusions

The shallow water shrimp fishery in the Colombian Caribbean is a typical case in 
which high exploitation, combined with non-existing fisheries management, has 
resulted in the significant depletion of stocks (Paramo and Saint-Paul 2010). For 
that reason, possible new fishing areas were investigated on the deep-sea habitats in 
the Colombian Caribbean, to determine the potential for a viable deep-sea crusta-
cean fishery (Paramo and Saint-Paul 2012a, b, c). Potential new fishing resources of 
substantial biomass in the area are the deep-sea giant red shrimp (Aristaeomorpha 
foliacea), the royal red shrimp (Pleoticus robustus), the pink speckled deep-sea 
shrimp (Penaeopsis serrata), and the deep-sea lobster (Metanephrops binghami). 
The profitability of these deep-sea crustaceans’ species, both locally and in numer-
ous international markets, underlines the potential of these species as a new eco-
nomic resource in the Colombian Caribbean. Nevertheless, more scientific 
assessment is necessary to determine the life cycle and population characteristics of 
deep-sea crustaceans and the associated biodiversity, before initiating a new com-
mercial fishery. The management of the proposed new deep-sea crustacean fishery 
should be based on an ecosystem approach that considers population dynamics and 
structure and function of the ecosystem, the optimum allocation of catches and 
effort, protection of nursery and spawning areas, as well as the development of 
monitoring strategies by means of ecosystem indicators (Shin et al. 2010). Moreover, 
ecosystem protection through the implementation of MPAs is also indicated. Finally, 
survey-based indicators that are independent of the fishery should be used to study 
the ecosystem responses to fishing pressure. In this way a real evaluation of changes 
in the marine ecosystem subjected to fishing activities can be achieved following the 
needs for EAF. This holistic approach will allow an appropriate level of biodiversity 
and the habitat quality to be maintained while implementing a sustainable fishery.
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Chapter 19
Diversity, Abundance, and Biomass 
of Deep-Sea Decapod Crustaceans 
of the Uruguayan Continental Slope 
in the Southwestern Atlantic Ocean

G. Rotllant, A. Verdi, R. Santos-Bethencourt, N. Bahamón, 
and J. B. Company

Abstract The megafauna of deep continental margin of the exclusive economic 
zone (EEZ) of Uruguay have been little studied. The present study includes deep- 
sea trawling operations and represents the first analysis in detail of the deep-sea 
community of decapod crustaceans. Cluster analysis of bottom trawl data indicated 
that benthic megafauna are grouped in four bathymetric ranges along the continen-
tal margin: A, 250  >  1100  m; B, 1100  >  2000  m; C, 2000  >  3000  m; and D, 
3000–3800 m, while pelagic species are not grouped by depth strata. The decapod 
individuals belong to 79 different species from which 64% correspond to shrimps 
(suborder Dendrobranchiata and infraorder Caridea), and the third most important 
group corresponds to the infraorder Anomura (18%). From those, previously 67% 
were not reported off Uruguay and 47% in the southwestern Atlantic Ocean. The 
bathymetric range of the identified decapods was enlarged by 32%. Moreover, the 
frequency distribution of species occurrences was rare since 56% of the species 
were only sampled once, thus indicating that the decapod community of this area is 
still far unknown. The benthic species were also more diverse than the pelagic deca-
pods, and their abundance and biomass were higher. The biomass of the decapod 
community was dominated by the geryonid crab, Chaceon notialis, mainly located 
in the shallowest depth strata (representing 97% of the total biomass). To detect pos-
sible changes in the structure, biomass, and diversity of benthic assemblages, we 
recommend the implementation of long-term monitoring programs in the continen-
tal slope off Uruguay before fishing or mining exploitation is developed.
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Keywords Crustaceans · Deep sea · Shannon index · Equity index of Pielou  
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19.1  Introduction

A large part of biodiversity on the world is still unknown, and it is estimated that, at 
the current pace, it will take several centuries to complete description of living spe-
cies (Fontaine et al. 2012). The deep-sea environment represents over 95% of the 
characteristic volume on earth, remaining as one of the least known ecosystems. 
The topographical heterogeneity of the ocean increases the probability of species 
diversity (Buhl-Mortensen et  al. 2010). The knowledge of the occurrence, abun-
dance, and biomass of megafauna species from the deep sea is scarce and remains 
difficult to study diversity patterns, in terms of either species richness or functional 
diversity.

Such big expeditions as HMS Challenger, R/V Vema, R/V Atlantis II, and R/V 
Calypso explored the Uruguayan slope where decapods were earlier identified. 
Only a few taxonomic groups were studied in detail, Alpheoida (Christoffersen 
1979) and Lithodidae (Macpherson 1988). In 2010, the cruise “Uruguay 0110” on 
board of the RV Miguel Oliver studied the EEZ waters of Uruguay from 200 to 
4500 m depth including decapod crustaceans. In the cruise report, it was indicated 
that the diversity of decapod was important with a large biomass of non-identified 
sergestid shrimps. Some species of Pinnotheridae and Majidae families and 
Propagurus gaudichaudi, Peltarion sp., Munida sp., and Chaceon notialis were the 
most representative (Carranza 2010). On the other hand, a list of marine and estua-
rine decapods of Uruguay appeared in 1995 that has been later updated (Zolessi and 
Philippi 1995; Scarabino 2006; Spivak et al. 2019). In the most recent update, from 
the 211 species of decapod crustaceans listed only 51 species corresponded to deep- 
sea (<200 m) species off Uruguayan waters.

The objective of this study was to check if the exceptional diversity of decapods 
recorded in the Uruguayan continental slope before mining or fishing exploitation 
reaches this pristine deep environment. We perform a comprehensive examination 
at different taxonomic levels (suborders or infraorders and families), life strategies 
(pelagic and benthic), depth strata levels, and areas (north, central, and south). We 
also investigate decapod diversity patterns with different ecological characteristics 
(proportional abundance of species, evenness, and species richness).
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19.2  Material and Methods

Biological material was collected during April–May 2016  in an oceanographic 
cruise on board the F/V Marianne, exploring the deep continental margin of the 
exclusive economic zone (EEZ) of Uruguay (Table  19.1) in the southwestern 
Atlantic Ocean (SWAO). We sampled a number of transects located in front the 
north (N), central (Ce), and south (S) coast of Uruguay in direction south-east from 
250 m to 3800 m depth (Fig. 19.1). Up to 26 trawling lanes positioned as parallel to 
isobaths as possible to maintain a constant depth during the hauls were carried out 

Table 19.1 Characteristics of the fishing maneuvers and calculation of the swept area of the 
campaign carried out in the EEZ of Uruguay

TN Area TST
Latitude 
S (initial)

Longitude 
W (initial) TFT TD

Latitude S 
(final)

Longitude 
W (final)

Depth 
(m) Date

SA 
(km2)

P1 S 0:03 36º37.56′ 53º50.35′ 0:40 0:37 36º36.52′ 53º49.47′ 250 4/19/2016 0.006

P2 Ce 1:03 35º36.92′ 52º36.28′ 1:43 0:40 35º35.97′ 52º35.00′ 700 4/21/2016 0.006

P3 Ce 4:52 35º48.28′ 52º24.70′ 5:35 0:43 35º47.52′ 52º23.04′ 1680 4/21/2016 0.007

P4 Ce 9:10 35º47.00′ 52º23.03′ 9:50 0:40 35º46.61′ 52º22.01′ 1680 4/21/2016 0.005

P5 Ce 15:07 36º01.99′ 52º14.20′ 16:06 0:59 36º00.80′ 52º12.42′ 2600 4/21/2016 0.009

P6 Ce 22:10 36º12.51′ 52º00.48′ 23:10 1:00 36º11.18′ 51º59.79′ 3100 4/21/2016 0.009

P7 Ce 12:18 36º36.00′ 51º36.71′ 14:58 2:40 36º34.51′ 51º33.06′ 3600 4/22/2016 0.025

P8 S 2:39 36º49.37′ 52º37.13′ 4:11 1:32 35º47.48′ 52º35.39′ 3000 4/23/2016 0.011

P9 S 14:12 37º36.34′ 52º37.62′ 15:10 0:58 37º35.35′ 52º41.74′ 3800 4/23/2016 0.009

P10 S 21:05 37º36.04′ 52º36.84′ 22:35 1:30 37º34.95′ 52º33.76′ 3800 4/23/2016 0.0139

P11 S 7:51 36º56.73′ 53º09.76′ 8:55 1:04 36º54.73′ 53º08.76′ 2600 4/24/2016 0.009

P12 S 12:00 36º53.57′ 53º07.62′ 13:35 1:35 36º56.18′ 53º08.85 2540 4/24/2016 0.014

P13 S 17:35 36º47.24′ 53º22.42′ 18:50 1:15 36º48.39′ 53º24.80′ 1660 4/24/2016 0.011

P14 S 0:00 36º35.88′ 53º35.81′ 0:42 0:42 36º36.61′ 53º37.05′ 1050 4/24/2016 0.006

P15 S 2:40 36º40.54′ 53º48.01′ 3:07 0:27 36º41.25′ 53º48.56′ 500 4/25/2016 0.004

P16 Ce 15:00 35º34.07′ 52º35.48′ 15:30 0:30 35º34.74′ 52º36.18′ 500 4/25/2016 0.004

P17 Ce 16:46 35º34.01′ 52º40.00′ 17:20 0:34 35º34.76′ 52º40.72′ 250 4/25/2016 0.005

P18 N 4:33 34º42.40′ 52º00.99′ 10:03 5:30 34º43.12′ 52º01.63′ 250 5/1/2016 0.004

P19 N 11:15 34º41.95′ 51º58.18′ 11:45 0:30 34º42.64′ 51º58.78′ 500 5/1/2016 0.008

P20 N 14:20 34º48.20′ 51º48.97′ 15:20 1:00 34º49.73′ 51º50.93′ 1160 5/1/2016 0.009

P21 N 20:03 34º48.96′ 51º50.49′ 21:05 1:02 34º47.47′ 51º49.43′ 1160 5/1/2016 0.009

P22 N 22:14 35º01.86′ 51º37.94′ 23:45 1:31 34º59.67′ 51º36.20′ 1900 5/1/2016 0.015

P23 N 4:14 35º11.68′ 51º23.41′ 5:45 1:31 35º14.11′ 51º25.12′ 2500 5/2/2016 0.013

P24 N 10:45 35º20.34′ 51º11.72′ 12:20 1:35 35º22.29′ 51º14.18′ 2800 5/2/2016 0.0140

P25 N 20:17 35º41.07′ 50º43.69′ 22:19 2:02 35º44.41′ 50º46.43′ 3600 5/2/2016 0.019

P26 S 19:12 37º11.80′ 52º59.19′ 21:12 2:00 37º14.94′ 53º02.12′ 3300 5/3/2016 0.018

Abbreviations: TN trawl number, area (Ce central, N North, S South), TST trawling starting time, 
TFT trawling finishing time, TD trawling duration, SA swept area
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for 30 min to 2 h, being the deeper trawls the longest to be able to catch enough 
number of individuals. Megafauna sampling was carried out with an Agassiz trawl, 
with a 2.5 m horizontal opening, 1.2 m vertical opening, and a net mesh size of 
12 mm, dragged at 2.0 knots.

The megafauna (fishes, cnidarians, echinoderms, crustaceans, mollusks) samples 
from each trawl were sorted on board and identified to the lowest possible taxo-
nomic level using the available guides of the closer studied area (southern Brazil, 
Uruguay, and/or northern Argentina) of the most important taxonomic groups 
(Cervigón et al. 1992; Melo 1996, 1999; Scarabino 2003a, b, c; Kitahara et al. 2009; 
Benavides-Serrato et al. 2011; Smith and Kroh 2011; Scarabino 2004; Nion et al. 
2016; Scarabino et al. 2019; Spivak et al. 2019). Color images of fresh samples of 
all species were obtained at each trawling lane to keep taxonomic characteristics 
that could be lost during preservation. Then, animals were counted and weighted by 
species in each haul. Finally, specimens were preserved in 70% ethanol. When more 
than one individual was captured, another sample was fixed in 10% formaldehyde 
for further detailed taxonomic classification. Abundance and biomass of every spe-
cies were standardized for a swept area (in km2), which was previously calculated 
using the average speed of the boat (in knots, s), the horizontal opening of the net 
(in meters, bt), and the sampling time (in hours, h): swept area = bt x s x h x 1852/106.

Data on abundance and biomass of the species were log-transformed, and simi-
larity among all samples was calculated using the Raup-Crick method, since com-
munity data are treated as presence/absence data (Oksanen et al. 2019 and references 
therein). This method was used for both benthic and pelagic megafauna. Life strate-
gies in each species were determined using SeaLifeBase (www.sealifebase.ca) or 
literature cited above. Depth ranges obtained in the cluster were used to study the 

Fig. 19.1 Map of the deep 
continental margin of the 
EEZ of Uruguay showing 
the average locations of 
bottom trawl fishing
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diversity of decapods for benthic species only (Fig.  19.2a), since no strata were 
found for pelagic species (Fig. 19.2b).

In the Institute of Marine Sciences at Barcelona (ICM-CSIC), the classification 
of all decapod species was reviewed using the available taxonomic literature (see 
Table 19.2). In brief, to reach family level, we used the following literature by sub-
category: suborder Dendrobranchiata (Pérez Farfante and Kensley 1997) and 
infraorders Caridea (Holthuis 1993), Astacidea (Melo 1999), Polychelida (Ahyong 
2009), Anomura (Ahyong et  al. 2010), and Brachyura (Melo 1996). Whenever 
available, keys to family from the area were used to reach species level, and species 
first description was checked. Species names were crosschecked with the World 
Register of Marine Species, available online (WoRMS Editorial Board 2020). 
Several samples were damaged when sampling or preservation was not identify to 
species level. All identified decapod specimens are deposited in the collections of 
the ICM-CSIC.

Ecological diversity indices Shannon (H′), species richness (S), and Pielou (J’) 
were calculated using the vegan package (Oksanen et al. 2019). In brief, Shannon 

Fig. 19.2 Dissimilarity among all megafauna samples collected in the deep continental slope of 
Uruguay estimated using the Raup-Crick method. Depth ranges of similarity were only obtained 
for benthic megafauna (a), while no grouping was estimated for pelagic megafauna (b). Full trawl-
ing code includes trawling number, area code, and depth (m). Abbreviations: Ce = central area, 
P = trawling lane, N = north area, S = south area
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Table 19.2 Abundance and biomass of deep-sea crustaceans fished in the EEZ of Uruguay

TN Area Depth
H_
DR Species N W (g) Ab (N/Km2) Bi_g_km2

P01 S 250 B_A Libidoclaea granaria 16 16 2667 2667
P01 S 250 B_A Peltarion spinulosum 4 28 667 4667
P02 Ce 700 B_A Chaceon notialis 65 28400 10833 4733333
P03 Ce 1680 P Gennadas elegans 1 1 151 151
P03 Ce 1680 B_B Nematocarcinidae sp. A 3 7 452 1055
P03 Ce 1680 P Pasiphaeidae sp. A 1 2 151 301
P03 Ce 1680 P Deosergestes henseni 1 1 151 151
P03 Ce 1680 P Sergestidae sp. A 1 4 151 603
P04 Ce 1680 B_B Nematocarcinidae sp. A 99 375 19800 75000
P04 Ce 1680 B_B Stereomastis sculpa 7 25 1400 5000
P05 Ce 2600 B_C Benthonectes filipes 1 4 111 444
P05 Ce 2600 B_C Neolithodes agassizii 2 5 222 556
P05 Ce 2600 B_C Nematocarcinus tenuipes 4 9 444 1000
P05 Ce 2600 B_C Parapontophilus gracilis 6 11 667 1222
P05 Ce 2600 P Parasergestes armatus 1 1 111 222
P05 Ce 2600 B_C Pentacheles validus 9 79 1000 8778
P05 Ce 2600 B_C Porcellanidae sp. A 1 5 111 556
P05 Ce 2600 P Prehensilosergia prehensilis 1 1 111 222
P06 Ce 3100 P Acanthephyra pelagica var. 

sica
1 15 111 1667

P06 Ce 3100 B_D Aristaeopsis edwardsiana 1 10 111 1111
P06 Ce 3100 B_D Bathicaris brasiliensis 2 15 222 1667
P06 Ce 3100 B_D Ethusina abyssicola 1 1 111 111
P06 Ce 3100 B_D Nematocarcinidae sp. A 1 5 111 556
P07 Ce 3600 B_D Aristaeopsis edwardsiana 4 120 160 4800
P07 Ce 3600 B_D Bathicaris brasiliensis 3 70 120 2800
P07 Ce 3600 B_D Cerataspis monstrosus 4 190 160 7600
P07 Ce 3600 P Gennadas kempi 1 1.0 40 40
P07 Ce 3600 P Gennadas sp. A 2 2.0 80 80
P07 Ce 3600 B_D Hepomadus tener 2 60 80 2400
P07 Ce 3600 B_D Munidopsis abyssicola 1 55 40 2200
P07 Ce 3600 P Sergestidae sp. B 3 8 120 320
P08 S 3000 B_D Acanthephyra quadrispinosa 1 10 91 909
P08 S 3000 B_D Bathicaris brasiliensis 3 40 227 3636
P08 S 3000 B_D Ethusina abyssicola 3 11 273 1000
P08 S 3000 B_D Glyphocrangon atlantica 1 2 91 182
P08 S 3000 B_D Munida subcaeca 2 6 182 545
P08 S 3000 B_D Munidopsis sp. A 1 1 91 91
P08 S 3000 B_D Munidopsis aries 1 250 91 22727
P08 S 3000 B_D Parapagurus abyssorum 1 7 91 636
P08 S 3000 B_D Willemoesia forceps 1 40 91 3636

(continued)
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Table 19.2 (continued)

TN Area Depth
H_
DR Species N W (g) Ab (N/Km2) Bi_g_km2

P10 S 3800 P Phorcosergia sp. A 1 8 143 571
P10 S 3800 P Sergestidae sp. B 1 8 143 571
P12 S 2540 B_C Acanthephyra quadrispinosa 1 6 71 429
P12 S 2540 P Eusergestes antarcticus 1 1 71 71
P12 S 2540 B_C Nematocarcinus sp. A 1 1.5 71 107
P13 S 1660 B_B Chaceon notialis 13 3400 1182 309091
P13 S 1660 B_B Nematocarcinidae sp. A 195 750 17727 68182
P13 S 1660 P Phorcosergia phorca 2 4 182 364
P13 S 1660 B_B Polychelidae sp. A 1 2 91 182
P13 S 1660 P Sicyonella sp. A 2 3 17727 68182
P13 S 1660 B_B Stereomastis suhmi 1 3 17727 68182
P13 S 1660 B_B Systellaspis guillei 4 5 17727 68182
P13 S 1660 B_B Thymops birsteini 2 400 182 36364
P14 S 1050 B_A Chaceon notialis 27 1400 4500 233333
P14 S 1050 P Eusergestes antarcticus 13 16 2250 2666
P14 S 1050 B_A Pandalus amplus 1 6 167 1000
P14 S 1050 P Pasiphaea alcocki 13 14 2167 2334
P14 S 1050 P Petalidium foliaceum 14 16 2250 2666
P14 S 1050 P Phorcosergia phorca 58 200 9667 33333
P15 S 500 B_A Chaceon notialis 3 1500 750 375000
P15 S 500 B_A Munidopsidae sp. B 1 1 250 250
P16 Ce 500 B_A Chaceon notialis 108 34500 27000 8625000
P17 Ce 250 B_A Chaceon notialis 57 16000 11400 3200000
P17 Ce 250 B_A Tetraxanthus rathbunae 1 2 200 400
P18 N 250 B_A Alpheus pouang 1 1 250 250
P18 N 250 B_A Artemesia longinaris 7 200 1750 50000
P18 N 250 B_A Catapagurus cunhai 8 4 2000 1000
P18 N 250 B_A Latreillia williamsi 2 3 500 750
P18 N 250 B_A Lysmata stenolepis 1 2 250 500
P18 N 250 B_A Mesopenaeus tropicalis 1 1 250 250
P18 N 250 B_A Munida benedicti 2 3 500 750
P18 N 250 B_A Myropsis quinquespinosa 2 13 500 2750
P18 N 250 B_A Notopandalus magnoculus 1 1 250 250
P18 N 250 B_A Palicus gracilipes 2 2 500 500
P18 N 250 B_A Parapontocaris caribbaea 1 2 250 500
P18 N 250 B_A Plesionika brevipes 3 1.5 750 375
P18 N 250 P Pylochelidae sp. A 1 1 250 250
P18 N 250 P Spinolambrus pourtalesii 4 20 1000 5000
P18 N 250 B_A Tetraxanthus rathbunae 18 22 4500 5500
P19 S 500 P Alainopasiphaea australis 6 15 750 1875
P19 S 500 B_A Chaceon notialis 15 3600 1875 450000

(continued)
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Table 19.2 (continued)

TN Area Depth
H_
DR Species N W (g) Ab (N/Km2) Bi_g_km2

P19 S 500 B_A Merhippolyte americana 1 5 125 625
P19 S 500 B_A Penaeoidea sp. A 1 1 125 125
P20 S 1160 B_B Systellaspis debilis 1 4 111 444
P21 S 1160 B_B Nematocarcinus exilis 5 7 556 778
P21 S 1160 B_B Stereomastis sculpa 2 30 222 3333
P22 S 1900 P Gennadas kempi 1 1 67 67
P22 S 1900 P Parasergestes armatus 1 1 67 67
P22 S 1900 P Parasergestes armatus 1 1 67 67
P22 S 1900 P Pasiphaea oshoroae 2 3 133 200
P22 S 1900 B_B Pentacheles validus 2 35 133 2333
P23 N 2500 B_C Aristaeopsis edwardsiana 8 36 615 2769
P23 N 2500 B_C Crangonidae sp. A 24 44 1846 3385
P23 N 2500 B_C Munidopsis bermudezi 2 44 154 3385
P23 N 2500 B_C Parapagurus abyssorum 2 40 154 3077
P23 N 2500 B_C Parapontophilus gracilis 70 80 5385 6154
P23 N 2500 B_C Polychelidae sp. A 28 340 2154 26154
P24 N 2800 B_C Bathicaris iridescens 11 40 786 2857
P24 N 2800 B_C Ethusina abyssicola 9 3 643 214
P24 N 2800 P Eusergestes antarcticus 2 1 143 71
P24 N 2800 P Gennadas kempi 4 6 286 429
P24 N 2800 B_C Glyphocrangon sculpa 1 10 71 714
P24 N 2800 B_C Nematocarcinus sp. B 30 47 2143 3375
P24 N 2800 B_C Nematocarcinus tenuipes 10 16 714 1125
P24 N 2800 B_C Parapontophilus gracilis 22 6 1571 429
P24 N 2800 B_C Polychelidae sp. A 5 54 357 3857
P24 N 2800 B_C Systellaspis debilis 1 2 71 143
P25 S 3600 B_D Bathicaris brasiliensis 1 30 53 1579
P25 S 3600 B_D Cerataspis monstrosus 4 220 211 11579
P25 S 3600 P Gennadas gilchristi 1 0.5 53 26
P25 S 3600 B_D Munidopsidae sp. A 1 20 53 1053
P26 S 3300 B_D Cerataspis monstrosus 1 25 53 1316
P26 S 3300 P Gennadas kempi 7 10 368 526
P26 S 3300 B_D Hemipenaeus spinidorsalis 1 8 53 421
P26 S 3300 B_D Munida gregaria 2 3 105 158
P26 S 3300 B_D Nematocarcinus sp. B 30 47 2143 3375
P26 S 3300 B_D Nematocarcinus tenuipes 10 16 714 1125
P26 S 3300 B_D Parapasiphae sp. A 1 2 53 105
P26 S 3300 P Sergestes atlanticus 2 2 105 105

Abbreviations: TN trawl number, area (Ce central, N North, S South), H habitat (B benthic, P 
pelagic), DR depth range (A, 250  >  1100  m; B, 1100  >  2000  m; C, 2000  >  3000  m; and D, 
3000–3800 m), W weight, Ab abundance, Bi biomass
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index is defined as: H′ = -∑ipi ln(pi) H′ =  − ∑ipi ln pi where pi is the proportional 
abundance of species i. It expresses the uniformity of important values through all 
species present in the sample choices au hazard. Species richness is the total number 
of individuals in a concrete community. Pielou’s evenness (equitability) assesses 
relation between Shannon diversity and the maximal diversity observed in a con-
crete community as: J’ = H′/(ln S). These indices were estimated by habitat (pelagic 
and benthic, depth strata), sampling area, and taxon.

19.3  Results and Discussion

A total of ll66 individuals of decapod crustacean specimens, representing a biomass 
of 93 kg, were collected in the deep-sea continental slope of the EEZ off Uruguay 
(Table 19.2). Decapods were collected at all trawl lines. Benthic species showed the 
highest overall occurrence (85% of sampled trawl lines), while pelagic species 
occurrence was 54%. Benthic taxa were more diverse than pelagic taxa (57 vs 22 
species). Abundance and biomass of benthic taxa were higher (82% and 99%, 
respectively). We recorded 79 decapod species (Figs. 19.3, and 19.4), 64% of which 
were shrimps (Dendrobranchiata and Caridea), and the third most important group 
was Anomura (18%). Only five species of Polychelida and one species of Astacidea 
were caught (Table 19.3). Similar proportions of decapod groups were previously 
described in Uruguay (Spivak et al. 2019 and references therein).

Penaeoidea presented 14 species distributed across 4 families. Benthesicymidae 
were represented by seven species belonging and three genera. Among four species 

Fig. 19.3 Deep-sea 
Decapoda from the 
continental slope of 
Uruguay. (a) Cerataspis 
monstrosus, 
Dendrobranchiata. (b) 
Eusergestes antarcticus, 
Dendrobranchiata. (c) 
Pasiphaea alcocki, 
Caridea. (d) Systellaspis 
debilis, Caridea
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of Gennadas, only G. gilchristi was previously reported in Uruguay (Spivak et al. 
2019), but they were captured above a depth of 3600 m that is deeper than the previ-
ously reported by Calman (1925) in the South African coast. Gennadas kempi and 
G. elegans were not previously reported in Uruguayan waters neither in the SWAO, 
but their range of distribution was already known (Smith 1882; Stebbing 1914; 
Zariquiey Alvarez 1968). Both recorded species of the genus Bathicaris, B. brasil-
iensis and B. iridescens, were sampled in the same depth range and in the SWAO but 
not in Uruguayan waters (Bate 1881; Pérez Farfante and Kensley 1997; Vereshchaka 
et al. 2019). The benthesicymid Benthonectes filipes was reported for the first time 
in the SWAO at slightly deeper depths than previously reported (Pérez Farfante and 
Kensley 1997; Smith 1884).

Within the Aristeidae only Aristaeopsis edwardsiana was previously reported in 
Uruguay (Spivak et al. 2019), but it was recorded deeper at 3600 m while previously 
was found down at 1850  m in the southeastern and northern Atlantic Ocean 
(Zariquiey Alvarez 1968; Dore and Frimodt 1987). The other three species of the 
Aristeidae, Cerataspis monstrosus (Fig.  19.3a), Hemipenaeus spinidorsalis, and 
Hepomadus tener, were not previously reported in Uruguay neither in the SWAO, 
and in the case of H. tener, we also increased the depth range to 3600 m (Pérez 
Farfante and Kensley 1997). The Penaeidae were represented by two species previ-
ously reported in the SWAO, Artemesia longinaris and Mesopenaeus tropicalis; the 
former is already cited in Uruguay at the same depth range (Spivak et  al. 2019; 
Alves-Júnior et al. 2017).

Fig. 19.4 Deep-sea 
Decapoda from the 
continental slope of 
Uruguay. (a) Thymops 
birsteini, Astacidea. (b) 
Stereomastis sculpa, 
Polychelida. (c) 
Glaucothoe of 
Pylochelidae, Anomura. 
(d) Chaceon notialis, 
Brachyura

G. Rotllant et al.



453

Ta
bl

e 
19

.3
 

Ta
xo

no
m

ic
 c

la
ss

ifi
ca

tio
n 

of
 d

ee
p-

se
a 

cr
us

ta
ce

an
s 

fis
he

d 
in

 th
e 

E
E

Z
 o

f 
U

ru
gu

ay
, k

ey
s 

us
ed

, a
nd

 p
re

vi
ou

s 
di

st
ri

bu
tio

n 
(√

)

Su
bc

at
eg

or
y

Fa
m

ily
Sp

ec
ie

s
K

ey
 1

O
ri

gi
na

l n
am

e
U

SW
A

O
D

R

D
en

dr
ob

ra
nc

hi
at

a
Pe

na
eo

id
ea

 s
p.

 A
Pé

re
z 

Fa
rf

an
te

 a
nd

 K
en

sl
ey

 (
19

97
)

D
en

dr
ob

ra
nc

hi
at

a
A

ri
st

ei
da

e
A

ri
st

ae
op

si
s 

ed
w

ar
ds

ia
na

 
(J

oh
ns

on
, 1

86
8)

Pé
re

z 
Fa

rf
an

te
 a

nd
 K

en
sl

ey
 (

19
97

)
Pe

na
eu

s 
ed

w
ar

si
an

us
√

√

D
en

dr
ob

ra
nc

hi
at

a
A

ri
st

ei
da

e
C

er
at

as
pi

s 
m

on
st

ro
su

s 
G

ra
y,

 
18

28
Pé

re
z 

Fa
rf

an
te

 a
nd

 K
en

sl
ey

 (
19

97
)

√

D
en

dr
ob

ra
nc

hi
at

a
A

ri
st

ei
da

e
H

em
ip

en
ae

us
 s

pi
ni

do
rs

al
is

 
Sp

en
ce

 B
at

e,
 1

88
1

Pé
re

z 
Fa

rf
an

te
 a

nd
 K

en
sl

ey
 (

19
97

)
√

D
en

dr
ob

ra
nc

hi
at

a
A

ri
st

ei
da

e
H

ep
om

ad
us

 te
ne

r 
Sm

ith
, 1

88
4

Pé
re

z 
Fa

rf
an

te
 a

nd
 K

en
sl

ey
 (

19
97

)
D

en
dr

ob
ra

nc
hi

at
a

B
en

th
es

ic
ym

id
ae

B
at

hi
ca

ri
s 

br
as

il
ie

ns
is

 (
Sp

en
ce

 
B

at
e,

 1
88

1)
Pé

re
z 

Fa
rf

an
te

 a
nd

 K
en

sl
ey

 (
19

97
),

 
V

er
es

hc
ha

ka
 e

t a
l. 

(2
01

9)
B

en
th

es
ic

ym
us

 
br

as
il

ie
ns

is
√

√

D
en

dr
ob

ra
nc

hi
at

a
B

en
th

es
ic

ym
id

ae
B

at
hi

ca
ri

s 
ir

id
es

ce
ns

 S
pe

nc
e 

B
at

e,
 1

88
1

Pé
re

z 
Fa

rf
an

te
 a

nd
 K

en
sl

ey
 (

19
97

)
√

√

D
en

dr
ob

ra
nc

hi
at

a
B

en
th

es
ic

ym
id

ae
B

en
th

on
ec

te
s 

fil
ip

es
 S

m
ith

, 1
88

5
Pé

re
z 

Fa
rf

an
te

 a
nd

 K
en

sl
ey

 (
19

97
)

D
en

dr
ob

ra
nc

hi
at

a
B

en
th

es
ic

ym
id

ae
G

en
na

da
s 

sp
. A

Pé
re

z 
Fa

rf
an

te
 a

nd
 K

en
sl

ey
 (

19
97

)
D

en
dr

ob
ra

nc
hi

at
a

B
en

th
es

ic
ym

id
ae

G
en

na
da

s 
el

eg
an

s 
(S

m
ith

, 1
88

2)
Pé

re
z 

Fa
rf

an
te

 a
nd

 K
en

sl
ey

 (
19

97
)

A
m

al
op

en
ae

us
 

el
eg

an
s

√

D
en

dr
ob

ra
nc

hi
at

a
B

en
th

es
ic

ym
id

ae
G

en
na

da
s 

gi
lc

hr
is

ti
 C

al
m

an
, 

19
25

Pé
re

z 
Fa

rf
an

te
 a

nd
 K

en
sl

ey
 (

19
97

)
√

√

D
en

dr
ob

ra
nc

hi
at

a
B

en
th

es
ic

ym
id

ae
G

en
na

da
s 

ke
m

pi
 S

te
bb

in
g,

 1
91

4
Pé

re
z 

Fa
rf

an
te

 a
nd

 K
en

sl
ey

 (
19

97
)

√
D

en
dr

ob
ra

nc
hi

at
a

Pe
na

ei
da

e
A

rt
em

es
ia

 lo
ng

in
ar

is
 S

pe
nc

e 
B

at
e,

 1
88

8
Pé

re
z 

Fa
rf

an
te

 a
nd

 K
en

sl
ey

 (
19

97
)

√
√

√

D
en

dr
ob

ra
nc

hi
at

a
Pe

na
ei

da
e

M
es

op
en

ae
us

 tr
op

ic
al

is
 (

B
ou

vi
er

, 
19

05
)

Pé
re

z 
Fa

rf
an

te
 a

nd
 K

en
sl

ey
 (

19
97

),
 

A
lv

es
 J

un
io

r 
et

 a
l. 

(2
01

7)
Pa

ra
rt

em
es

ia
 

tr
op

ic
al

is
√

D
en

dr
ob

ra
nc

hi
at

a
Se

rg
es

tid
ae

Se
rg

es
tid

ae
 s

p.
 A

Pé
re

z 
Fa

rf
an

te
 a

nd
 K

en
sl

ey
 (

19
97

)
D

en
dr

ob
ra

nc
hi

at
a

Se
rg

es
tid

ae
Se

rg
es

tid
ae

 s
p.

 B
Pé

re
z 

Fa
rf

an
te

 a
nd

 K
en

sl
ey

 (
19

97
)

(c
on

tin
ue

d)

19 Diversity, Abundance, and Biomass of Deep-Sea Decapod, Uruguay Continental…



454

Ta
bl

e 
19

.3
 

(c
on

tin
ue

d)

Su
bc

at
eg

or
y

Fa
m

ily
Sp

ec
ie

s
K

ey
 1

O
ri

gi
na

l n
am

e
U

SW
A

O
D

R

D
en

dr
ob

ra
nc

hi
at

a
Se

rg
es

tid
ae

E
us

er
ge

st
es

 a
nt

ar
ct

ic
us

 
(V

er
es

hc
ha

ka
, 2

00
9)

Pé
re

z 
Fa

rf
an

te
 a

nd
 K

en
sl

ey
 (

19
97

),
 

V
er

es
hc

ha
ka

 (
20

00
),

 V
er

es
hc

ha
ka

 e
t a

l. 
(2

01
4)

Se
rg

es
te

s 
an

ta
rc

ti
cu

s
√

√

D
en

dr
ob

ra
nc

hi
at

a
Se

rg
es

tid
ae

Se
rg

es
te

s 
at

la
nt

ic
us

 H
. M

iln
e-

E
dw

ar
ds

, 1
83

0
Pé

re
z 

Fa
rf

an
te

 a
nd

 K
en

sl
ey

 (
19

97
),

 
V

er
es

hc
ha

ka
 (

20
09

),
 V

er
es

hc
ha

ka
 e

t a
l. 

(2
01

4)

√
√

D
en

dr
ob

ra
nc

hi
at

a
Se

rg
es

tid
ae

D
eo

se
rg

es
te

s 
he

ns
en

i (
O

rt
m

an
n,

 
18

93
)

Pé
re

z 
Fa

rf
an

te
 a

nd
 K

en
sl

ey
 (

19
97

),
 

V
er

es
hc

ha
ka

 (
20

09
),

 V
er

es
hc

ha
ka

 e
t a

l. 
(2

01
4)

Se
rg

ia
 h

en
se

ni
√

√

D
en

dr
ob

ra
nc

hi
at

a
Se

rg
es

tid
ae

Pa
ra

se
rg

es
te

s 
ar

m
at

us
 (

K
rø

ye
r, 

18
55

)
Pé

re
z 

Fa
rf

an
te

 a
nd

 K
en

sl
ey

 (
19

97
),

 
V

er
es

hc
ha

ka
 (

20
09

),
 V

er
es

hc
ha

ka
 e

t a
l. 

(2
01

4)

Se
rg

es
te

s 
ar

m
at

us
√

√

D
en

dr
ob

ra
nc

hi
at

a
Se

rg
es

tid
ae

P
ho

rc
os

er
gi

a 
sp

. A
Pé

re
z 

Fa
rf

an
te

 a
nd

 K
en

sl
ey

 (
19

97
),

 
V

er
es

hc
ha

ka
 (

20
00

),
 V

er
es

hc
ha

ka
 e

t a
l. 

(2
01

4)
D

en
dr

ob
ra

nc
hi

at
a

Se
rg

es
tid

ae
P

ho
rc

os
er

gi
a 

ph
or

ca
 (

Fa
xo

n,
 

18
93

)
Pé

re
z 

Fa
rf

an
te

 a
nd

 K
en

sl
ey

 (
19

97
),

 
V

er
es

hc
ha

ka
 (

20
00

),
 V

er
es

hc
ha

ka
 e

t a
l. 

(2
01

4)

Se
rg

es
te

s 
ph

or
cu

s

D
en

dr
ob

ra
nc

hi
at

a
Se

rg
es

tid
ae

P
re

he
ns

il
os

er
gi

a 
pr

eh
en

si
li

s 
(S

pe
nc

e 
B

at
e,

 1
88

1)
Pé

re
z 

Fa
rf

an
te

 a
nd

 K
en

sl
ey

 (
19

97
),

 
V

er
es

hc
ha

ka
 (

20
00

),
 V

er
es

hc
ha

ka
 e

t a
l. 

(2
01

4)

Se
rg

es
te

s 
pr

eh
en

si
li

s
√

√

D
en

dr
ob

ra
nc

hi
at

a
Se

rg
es

tid
ae

Pe
ta

li
di

um
 fo

li
ac

eu
m

 S
pe

nc
e 

B
at

e,
 1

88
1

Pé
re

z 
Fa

rf
an

te
 a

nd
 K

en
sl

ey
 (

19
97

),
 

V
er

es
hc

ha
ka

 (
20

00
),

 V
er

es
hc

ha
ka

 a
nd

 
L

un
in

a 
(2

01
5)

√
√

√

D
en

dr
ob

ra
nc

hi
at

a
Se

rg
es

tid
ae

Si
cy

on
el

la
 s

p.
 A

Pé
re

z 
Fa

rf
an

te
 a

nd
 K

en
sl

ey
 (

19
97

),
 

V
er

es
hc

ha
ka

 e
t a

l. 
(2

01
4)

, V
er

es
hc

ha
ka

 
et

 a
l. 

(2
01

6)
C

ar
id

ea
Pa

si
ph

ae
id

ae
Pa

si
ph

ae
id

ae
 s

p.
 A

H
ol

th
ui

s 
(1

99
3)

G. Rotllant et al.



455

Su
bc

at
eg

or
y

Fa
m

ily
Sp

ec
ie

s
K

ey
 1

O
ri

gi
na

l n
am

e
U

SW
A

O
D

R

C
ar

id
ea

Pa
si

ph
ae

id
ae

A
la

in
op

as
ip

ha
ea

 a
us

tr
al

is
 

(H
an

am
ur

a,
 1

98
9)

H
ol

th
ui

s 
(1

99
3)

, B
ur

uk
ov

sk
y 

(1
99

6)
Pa

si
ph

ae
a 

au
st

ra
li

s
√

C
ar

id
ea

Pa
si

ph
ae

id
ae

Pa
si

ph
ae

a 
al

co
ck

i (
W

oo
d-

M
as

on
 

in
 W

oo
d-

M
as

on
 &

 A
lc

oc
k,

 1
89

1)
H

ol
th

ui
s 

(1
99

3)
, B

ur
uk

ov
sk

y 
(1

99
6)

, 
K

om
ai

 a
nd

 C
ha

n 
(2

01
2)

, R
od

ri
gu

es
 a

nd
 

C
ar

do
so

 (
20

19
)

Pa
ra

pa
si

ph
ae

 
al

co
ck

i
√

√

C
ar

id
ea

Pa
si

ph
ae

id
ae

Pa
si

ph
ae

a 
os

ho
ro

ae
 K

om
ai

 &
 

A
m

ao
ka

, 1
99

3
H

ol
th

ui
s 

(1
99

3)
, B

ur
uk

ov
sk

y 
(1

99
6)

C
ar

id
ea

Pa
si

ph
ae

id
ae

Pa
ra

pa
si

ph
ae

 s
p.

 A
H

ol
th

ui
s 

(1
99

3)
C

ar
id

ea
H

ip
po

ly
tid

ae
M

er
hi

pp
ol

yt
e 

am
er

ic
an

a 
H

ol
th

ui
s,

 1
96

1
H

ol
th

ui
s 

(1
99

3)
√

√
√

C
ar

id
ea

A
ca

nt
he

ph
yr

id
ae

A
ca

nt
he

ph
yr

a 
pe

la
gi

ca
 (

R
is

so
, 

18
16

) 
va

r. 
Si

ca
H

ol
th

ui
s 

(1
99

3)
, C

ar
do

so
 (

20
13

),
 

V
er

es
hc

ha
ka

 (
pe

rs
. c

om
m

.)
A

lp
he

us
 

pe
la

gi
cu

s
√

√
√

C
ar

id
ea

A
ca

nt
he

ph
yr

id
ae

A
ca

nt
he

ph
yr

a 
qu

ad
ri

sp
in

os
a 

K
em

p,
 1

93
9

H
ol

th
ui

s 
(1

99
3)

, C
ar

do
so

 (
20

13
)

√
√

C
ar

id
ea

O
pl

op
ho

ri
da

e
Sy

st
el

la
sp

is
 d

eb
il

is
 (

A
. M

iln
e-

 
E

dw
ar

ds
, 1

88
1)

H
ol

th
ui

s 
(1

99
3)

, C
ro

sn
ie

r 
(1

98
7)

A
ca

nt
he

ph
yr

a 
de

bi
li

s
√

√
√

C
ar

id
ea

O
pl

op
ho

ri
da

e
Sy

st
el

la
sp

is
 g

ui
ll

ei
 C

ro
sn

ie
r, 

19
88

H
ol

th
ui

s 
(1

99
3)

, C
ha

ce
 J

r 
(1

98
6)

, S
ha

 
an

d 
W

an
g 

(2
01

5)
√

C
ar

id
ea

N
em

at
oc

ar
ci

ni
da

e
N

em
at

oc
ar

ci
ni

da
e 

sp
. A

H
ol

th
ui

s 
(1

99
3)

C
ar

id
ea

N
em

at
oc

ar
ci

ni
da

e
N

em
at

oc
ar

ci
nu

s 
sp

. A
H

ol
th

ui
s 

(1
99

3)
C

ar
id

ea
N

em
at

oc
ar

ci
ni

da
e

N
em

at
oc

ar
ci

nu
s 

sp
. B

H
ol

th
ui

s 
(1

99
3)

C
ar

id
ea

N
em

at
oc

ar
ci

ni
da

e
N

em
at

oc
ar

ci
nu

s 
ex

il
is

 (
Sp

en
ce

 
B

at
e,

 1
88

8)
H

ol
th

ui
s 

(1
99

3)
, C

ro
sn

ie
r 

an
d 

Fo
re

st
 

(1
97

3)
, C

ha
ce

 J
r 

(1
98

6)
, C

ar
do

so
 a

nd
 

B
ur

uk
ov

sk
y 

(2
01

4)

St
oc

ha
sm

us
 

ex
il

is
√

C
ar

id
ea

N
em

at
oc

ar
ci

ni
da

e
N

em
at

oc
ar

ci
nu

s 
te

nu
ip

es
 S

pe
nc

e 
B

at
e,

 1
88

8
H

ol
th

ui
s 

(1
99

3)
, C

ha
ce

 J
r 

(1
98

6)

(c
on

tin
ue

d)

19 Diversity, Abundance, and Biomass of Deep-Sea Decapod, Uruguay Continental…



456

Ta
bl

e 
19

.3
 

(c
on

tin
ue

d)

Su
bc

at
eg

or
y

Fa
m

ily
Sp

ec
ie

s
K

ey
 1

O
ri

gi
na

l n
am

e
U

SW
A

O
D

R

C
ar

id
ea

A
lp

he
id

ae
A

lp
he

us
 p

ou
an

g 
C

hr
is

to
ff

er
se

n,
 

19
79

H
ol

th
ui

s 
(1

99
3)

, S
ol

ed
ad

e 
an

d 
A

lm
ei

da
 

(2
01

3)
√

√
√

C
ar

id
ea

Ly
sm

at
id

ae
Ly

sm
at

a 
st

en
ol

ep
is

 C
ro

sn
ie

r 
&

 
Fo

re
st

, 1
97

3
H

ol
th

ui
s 

(1
99

3)
√

C
ar

id
ea

Pa
nd

al
id

ae
N

ot
op

an
da

lu
s 

m
ag

no
cu

lu
s 

(S
pe

nc
e 

B
at

e,
 1

88
8)

H
ol

th
ui

s 
(1

99
3)

Pa
nd

al
us

 
m

ag
no

cu
lu

s
√

C
ar

id
ea

Pa
nd

al
id

ae
Pa

nd
al

us
 a

m
pl

us
 (

Sp
en

ce
 B

at
e,

 
18

88
)

H
ol

th
ui

s 
(1

99
3)

, B
os

ch
i (

19
73

)
Pa

nd
al

op
si

s 
am

pl
a

√
√

√

C
ar

id
ea

Pa
nd

al
id

ae
P

le
si

on
ik

a 
br

ev
ip

es
 (

C
ro

sn
ie

r 
&

 
Fo

re
st

, 1
96

8)
H

ol
th

ui
s 

(1
99

3)
, C

ru
z 

an
d 

Fr
an

se
n 

(2
00

4)
Pa

ra
pa

nd
al

us
 

br
ev

ip
es

C
ar

id
ea

C
ra

ng
on

id
ae

C
ra

ng
on

id
ae

 s
p.

 A
H

ol
th

ui
s 

(1
99

3)
C

ar
id

ea
C

ra
ng

on
id

ae
Pa

ra
po

nt
oc

ar
is

 c
ar

ib
ba

ea
 

(B
oo

ne
, 1

92
7)

H
ol

th
ui

s 
(1

99
3)

, D
ar

de
au

 a
nd

 H
ea

rd
 J

r 
(1

98
3)

, A
lv

es
-J

un
io

r 
et

 a
l. 

(2
01

8)
A

eg
eo

n 
ca

ri
bb

ae
us

√
√

C
ar

id
ea

C
ra

ng
on

id
ae

Pa
ra

po
nt

op
hi

lu
s 

gr
ac

il
is

 (
Sm

ith
, 

18
82

)
H

ol
th

ui
s 

(1
99

3)
, C

ro
sn

ie
r 

an
d 

Fo
re

st
 

(1
97

3)
Po

nt
op

hi
lu

s 
gr

ac
il

is
√

C
ar

id
ea

G
ly

ph
oc

ra
ng

on
id

ae
G

ly
ph

oc
ra

ng
on

 a
tl

an
ti

ca
 C

ha
ce

 
Jr

, 1
93

9
H

ol
th

ui
s 

(1
99

3)
, V

az
qu

ez
-B

ad
er

 a
nd

 
G

ra
ci

a 
(2

01
3)

, H
ol

th
ui

s 
(1

97
1)

√

C
ar

id
ea

G
ly

ph
oc

ra
ng

on
id

ae
G

ly
ph

oc
ra

ng
on

 s
cu

lp
ta

 (
Sm

ith
, 

18
82

)
H

ol
th

ui
s 

(1
99

3)
, C

ro
sn

ie
r 

an
d 

Fo
re

st
 

(1
97

3)
R

ha
ch

oc
ar

is
 

sc
ul

pt
a

√

A
st

ac
id

ea
N

ep
hr

op
id

ae
T

hy
m

op
s 

bi
rs

te
in

i (
Z

ar
en

ko
v 

&
 

Se
m

en
ov

, 1
97

2)
M

el
o 

(1
99

9)
, H

ol
th

ui
s 

(1
97

4)
√

√
√

Po
ly

ch
el

id
a

Po
ly

ch
el

id
ae

Po
ly

ch
el

id
ae

 s
p.

 A
A

hy
on

g 
(2

00
9)

Po
ly

ch
el

id
a

Po
ly

ch
el

id
ae

W
il

le
m

oe
si

a 
fo

rc
ep

s 
A

. M
iln

e-
 

E
dw

ar
ds

, 1
88

0
A

hy
on

g 
(2

00
9)

, G
al

il 
(2

00
0)

√

Po
ly

ch
el

id
a

Po
ly

ch
el

id
ae

Pe
nt

ac
he

le
s 

va
li

du
s 

A
. M

iln
e-

 
E

dw
ar

ds
, 1

88
0

A
hy

on
g 

(2
00

9)
√

√
√

Po
ly

ch
el

id
a

Po
ly

ch
el

id
ae

St
er

eo
m

as
ti

s 
su

hm
i (

B
at

e,
 1

87
8)

A
hy

on
g 

(2
00

9)
, F

ar
ia

s 
et

 a
l. 

(2
01

5)
√

√

G. Rotllant et al.



457

Su
bc

at
eg

or
y

Fa
m

ily
Sp

ec
ie

s
K

ey
 1

O
ri

gi
na

l n
am

e
U

SW
A

O
D

R

Po
ly

ch
el

id
a

Po
ly

ch
el

id
ae

St
er

eo
m

as
ti

s 
sc

ul
pt

a 
(S

m
ith

, 
18

80
)

A
hy

on
g 

(2
00

9)
Po

ly
ch

el
es

 
sc

ul
pt

us
√

√

A
no

m
ur

a
M

un
id

op
si

da
e

M
un

id
op

si
da

e 
sp

. A
A

hy
on

g 
et

 a
l. 

(2
01

0)
A

no
m

ur
a

M
un

id
op

si
da

e
M

un
id

op
si

da
e 

sp
. B

A
hy

on
g 

et
 a

l. 
(2

01
0)

A
no

m
ur

a
M

un
id

op
si

da
e

M
un

id
op

si
s 

sp
. A

A
hy

on
g 

et
 a

l. 
(2

01
0)

A
no

m
ur

a
M

un
id

op
si

da
e

M
un

id
op

si
s 

ab
ys

si
co

la
 B

ab
a,

 
20

05
A

hy
on

g 
et

 a
l. 

(2
01

0)
, P

eq
ue

gn
at

 a
nd

 
Pe

qu
eg

na
t (

19
71

)
√

A
no

m
ur

a
M

un
id

op
si

da
e

M
un

id
op

si
s 

ar
ie

s 
(A

. M
iln

e 
E

dw
ar

ds
, 1

88
0)

A
hy

on
g 

et
 a

l. 
(2

01
0)

, P
eq

ue
gn

at
 a

nd
 

Pe
qu

eg
na

t (
19

71
)

O
ro

ph
or

hy
nc

hu
s 

ar
ie

s
√

A
no

m
ur

a
M

un
id

op
si

da
e

M
un

id
op

si
s 

be
rm

ud
ez

i C
ha

ce
 J

r, 
19

39
A

hy
on

g 
et

 a
l. 

(2
01

0)
, P

eq
ue

gn
at

 (
19

70
),

 
Pe

qu
eg

na
t a

nd
 P

eq
ue

gn
at

 (
19

71
)

√

A
no

m
ur

a
M

un
id

id
ae

M
un

id
a 

be
ne

di
ct

i C
ha

ce
 J

r, 
19

42
A

hy
on

g 
et

 a
l. 

(2
01

0)
, P

eq
ue

gn
at

 (
19

70
)

√
A

no
m

ur
a

M
un

id
id

ae
M

un
id

a 
gr

eg
ar

ia
 (

Fa
br

ic
iu

s,
 

17
93

)
A

hy
on

g 
et

 a
l. 

(2
01

0)
, P

eq
ue

gn
at

 (
19

70
),

 
Ta

pe
lla

 a
nd

 L
ov

ri
ch

 (
20

06
),

 Z
el

di
s 

(1
98

5)

G
al

at
he

a 
gr

eg
ar

ia
√

A
no

m
ur

a
M

un
id

id
ae

M
un

id
a 

su
bc

ae
ca

 B
ou

vi
er

, 1
92

2
A

hy
on

g 
et

 a
l. 

(2
01

0)
, P

eq
ue

gn
at

 (
19

70
)

A
no

m
ur

a
Po

rc
el

la
ni

da
e

Po
rc

el
la

ni
da

e 
sp

. A
H

ai
g 

(1
96

6)
, W

er
di

ng
 e

t a
l. 

(2
00

3)
A

no
m

ur
a

L
ith

od
id

ae
N

eo
li

th
od

es
 a

ga
ss

iz
ii

 (
Sm

ith
, 

18
82

)
M

el
o 

(1
99

9)
, M

ac
Ph

er
so

n 
(1

98
8)

A
no

m
ur

a
Pa

gu
ri

da
e

C
at

ap
ag

ur
us

 c
un

ha
i N

uc
ci

 &
 

Sc
hm

id
t d

e 
M

el
o,

 2
01

2
M

cL
au

gh
lin

 (
20

03
),

 N
uc

ci
 a

nd
 M

el
o 

(2
01

2)
√

√

A
no

m
ur

a
Pa

ra
pa

gu
ri

da
e

Pa
ra

pa
gu

ru
s 

ab
ys

so
ru

m
 F

ilh
ol

, 
18

85
M

cL
au

gh
lin

 (
20

03
),

 L
em

ai
tr

e 
(1

98
9)

, 
Fo

re
st

 a
nd

 M
cL

au
gh

lin
 (

20
00

)
√

A
no

m
ur

a
Py

lo
ch

el
id

ae
Py

lo
ch

el
id

ae
 s

p.
 A

M
cL

au
gh

lin
 (

20
03

),
 M

cL
au

gh
lin

 a
nd

 
L

em
ai

tr
e 

(2
00

9)
, F

or
es

t (
19

87
)

B
ra

ch
yu

ra
T

ri
ch

op
el

ta
ri

id
ae

Pe
lt

ar
io

n 
sp

in
ul

os
um

 (
W

hi
te

, 
18

43
)

M
el

o 
(1

99
6)

A
te

le
cy

cl
us

 
sp

in
ul

os
um

√
√

√

(c
on

tin
ue

d)

19 Diversity, Abundance, and Biomass of Deep-Sea Decapod, Uruguay Continental…



458

Ta
bl

e 
19

.3
 

(c
on

tin
ue

d)

Su
bc

at
eg

or
y

Fa
m

ily
Sp

ec
ie

s
K

ey
 1

O
ri

gi
na

l n
am

e
U

SW
A

O
D

R

B
ra

ch
yu

ra
E

th
us

in
ae

E
th

us
in

a 
ab

ys
si

co
la

 S
m

ith
, 1

88
4

M
el

o 
(1

99
6)

, R
at

hb
un

 (
19

37
)

√
√

B
ra

ch
yu

ra
L

eu
co

si
id

ae
M

yr
op

si
s 

qu
in

qu
es

pi
no

sa
 

St
im

ps
on

, 1
87

1
M

el
o 

(1
99

6)
, d

e 
M

el
o 

(2
01

0)
√

√
√

B
ra

ch
yu

ra
E

pi
al

tid
ae

L
ib

id
oc

la
ea

 g
ra

na
ri

a 
H

. M
iln

e 
E

dw
ar

ds
 &

 L
uc

as
, 1

84
2

M
el

o 
(1

99
6)

√
√

B
ra

ch
yu

ra
M

aj
id

ae
L

at
re

il
li

a 
w

il
li

am
si

 M
el

o,
 1

99
0

M
el

o 
(1

99
6)

, C
as

tr
o 

et
 a

l. 
(2

00
3)

√
√

√
B

ra
ch

yu
ra

Pa
lic

id
ae

Pa
li

cu
s 

gr
ac

il
ip

es
 (

A
. M

iln
e-

 
E

dw
ar

ds
, 1

88
0)

M
el

o 
(1

99
6)

, C
as

tr
o 

(2
00

0a
, b

)
C

ym
op

ol
ia

 
gr

ac
il

ip
es

√

B
ra

ch
yu

ra
Pa

rt
he

no
pi

da
e

Sp
in

ol
am

br
us

 p
ou

rt
al

es
ii

 
(S

tim
ps

on
, 1

87
1)

M
el

o 
(1

99
6)

, T
an

 a
nd

 N
g 

(2
00

7)
L

am
br

us
 

po
ur

ta
le

si
i

√
√

B
ra

ch
yu

ra
G

er
yo

ni
da

e
C

ha
ce

on
 n

ot
ia

li
s 

M
an

ni
ng

 &
 

H
ol

th
ui

s,
 1

98
9

M
el

o 
(1

99
6)

, T
av

ar
es

 a
nd

 P
in

he
ir

o 
(2

01
1)

√
√

B
ra

ch
yu

ra
X

an
th

id
ae

Te
tr

ax
an

th
us

 r
at

hb
un

ae
 C

ha
ce

 J
r, 

19
39

M
el

o 
(1

99
6)

√
√

√

D
R

 d
ep

th
 r

an
ge

, P
C

 p
er

so
na

l c
om

m
un

ic
at

io
n,

 S
W

A
O

 s
ou

th
w

es
te

rn
 A

tla
nt

ic
 O

ce
an

, U
 U

ru
gu

ay

G. Rotllant et al.



459

The Sergestoidea was represented by 11 species in 7 samples. Phorcosergia 
phorca, Prehensilosergia prehensilis, and Deosergestes henseni were not previ-
ously reported neither in the Uruguay area nor in the SWAO (Vereshchaka 2000, 
2009). Eusergestes antarcticus (Fig.  19.3b), Sergestes atlanticus, Parasergestes 
armatus, and Petalidium foliaceum have already been reported in the Uruguay area 
(Spivak et  al. 2019). All these sergestids were captured deeper than previously 
reported (Vereshchaka 2000, 2009; Vereshchaka and Lunina 2015).

Caridean shrimps were the next important group in number of species caught in 
the continental slope of Uruguay. Species from ten different families were identi-
fied. We were able to identify five species of Pasiphaeidae, but only three were 
identified to species level. Pasiphaea alcocki (Fig. 19.3c) was recently reported in 
deep Brazilian waters (Rodrigues and Cardoso 2019), and the other two species, 
Alainopasiphaea australis and Pasiphaea oshoroae, were never reported in the 
SWAO and in shallower depths (Komai and Amaoka 1993; Burukovsky 1996; Poore 
et  al. 2008). Nevertheless, the depth at which these species inhabit may be less, 
since species were probably caught during the retrieval of the net in the water column.

Only one species of Hippolytidae, Merhippolyte americana, was identified and 
had already been reported in Uruguay and in the same depth range in Chile 
(Christoffersen 1979; Guzmán and Quiroga 2005). Two species of Acanthephyridae, 
Acanthephyra pelagica and A. quadrispinosa, were earlier reported in Uruguay, and 
the later presented a deeper depth range (Cardoso 2013; Spivak et al. 2019). Two 
species of Oplophoridae were caught. Systellaspis debilis (Fig. 19.3d) was previ-
ously reported in Uruguay at 1800 m and deeper in Mar del Plata (Farias et al. 2015; 
Spivak et al. 2019). The second species, Systellaspis guillei, was not cited previ-
ously in the SWAO although it was reported in the northwestern Atlantic, the east-
ern Atlantic, and some areas of the Indian and Pacific oceans close to 3000 m depth 
(Smith 1882; Chace Jr 1986). Five species of Nematocarcinidae were found, 
although we were only able to get to species level in two cases and both had not 
been reported before in the SWAO. Nematocarcinus exilis occurs in the eastern 
Atlantic from SW Ireland to Morocco and off the Canary Islands, including the 
Mediterranean Sea, as deep as 4765 m (Burukovsky 2012); N. tenuipes was cited in 
some areas of the Pacific and Indian Oceans, close to 2000 m depth (Spence Bate 
1888; Crosnier and Forest 1973).

Alpheus pouang was the single species of Alpheidae caught at 250 m that has 
been previously cited in Uruguay at a similar depth (Christoffersen 1979). 
Lysmatidae was represented by Lysmata stenolepis previously reported in similar 
depth in Senegal but not in Uruguay (Crosnier and Forest 1973). From the Pandalidae 
shrimps, only Pandalus amplus was previously reported in Uruguay deeper than 
1000 m (Bate 1888), while Notopandalus magnoculus and Plesionika brevipes that 
were caught at 250 m were not previously cited in the SWAO, although P. brevipes 
was reported in the South East Atlantic coast (Bate 1888; Crosnier and Forest 1968). 
Three species of Crangonidae were caught, and we were able to reach species level 
in two of them. The shallow Parapontocaris caribbaea and the deeper 
Parapontophilus gracilis were recently reported at the same depth in Brazil but not 
in Uruguay (Cardoso 2012; Alves-Júnior et  al. 2018). The two species of 
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Glyphocrangonidae, Glyphocrangon atlantica and Glyphocrangon sculpta, caught 
at deep waters in Uruguay, were reported previously in the Atlantic but not in the 
SWAO also in deep waters (Chace Jr 1939; Holthuis 1971).

In contrast to the large number of caridean shrimps, the infraorder Astacidea was 
only represented by the Nephropidae and a single species, Thymops birsteini 
(Fig.  19.4a). This commercial lobster species has been previously reported in 
Uruguay at deep as 1660 m, as for in the present study (Laptikhovsky and Reyes 
2009; Spivak et al. 2019). In the blind and abyssal lobster Polychelidae, five species 
were caught and four identified at species level. Pentacheles validus presents a 
worldwide distribution, including Uruguayan continental slope, and was reported 
deeper in Brazilian waters than in the present study (Serejo et al. 2007; Chang et al. 
2013). The two species of the genus Stereomastis, S. suhmi and S. sculpa (Fig. 19.4b), 
were previously reported in the SWAO, close to Uruguay and in a similar depth 
(Galil 2000; Serejo et al. 2007; Farias et al. 2015). Willemoesia forceps, although 
reported in the Atlantic waters as deep as 4064 m, was not earlier cited in the SWAO 
(Gore 1984; Galil 2000).

Anomuran crabs were more represented that the lobster species in the Uruguayan 
continental slope including 7 families and 14 different species. The Munidopsidae 
was represented by six species, although we were only able to reach species level in 
three of them. Munidopsis aries and Munidopsis bermudezi were previously 
reported at deeper depths and in the Atlantic but not the SWAO (Milne-Edwards 
1880; Chace Jr 1939; Pequegnat and Pequegnat 1971). Munidopsis abyssicola was 
previously reported close to New Zealand at a deeper depth too (4520 m vs 3600 m) 
(Baba 2005). From the Munididae three species were collected in the present study. 
The shallower one, Munida benedicti, was previously reported only in the Caribbean 
waters down to 430 m depth (Chace Jr 1942). Munida gregaria and Munida sub-
caeca were caught down to 3000 m. M. gregaria was previously cited in deep-sea 
waters off Buenos Aires province as depth as 1100 m (Boschi et al. 1992; Diez et al. 
2016). Munida subcaeca has been reported in Tenerife and Madeira down to 
1700 m, while in this study, the specimen was collected at 3000 m (Bouvier 1922). 
Neolithodes agassizii was the only species from the Lithodidae collected in the 
continental slope of Uruguay at 2600 m, while it was only reported previously in the 
northeastern Atlantic coast down to 1900  m (Smith 1882; Macpherson 1988). 
Catapagurus cunhai was the single species found of Paguridae in shallow waters off 
Uruguayan coast previously reported in Brazil (Nucci and Melo 2012). The 
Parapaguridae were represented by Parapagurus abyssorum collected at 3000 m off 
Montevideo. This species was cited previously in the North Atlantic at similar depth 
range (Lemaitre 1989). The Pylochelidae was represented by an unidentified glau-
cothoe (Fig. 19.4c). The specimen characteristics were shield two-thirds to three- 
fifths total carapace length, equal and paired pereiopods in somites 2 to 5, abdominal 
tergites well separated and calcified, distinct from the telson, subquadrangular tel-
son broader than longer, and uropods biramous, with exopods longer than endo-
pods. These intermediated characters are typical of glaucothoe stages in anomurans 
as reported in other species (Reese and Kinzie III 1968; Roberts 1973; Stuck and 
Truesdale 1986; McLaughlin et al. 1992; McLaughlin and Gore 1992).
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The infraorder Brachyura was represented by nine species belonging to nine dif-
ferent families. Ethusina abyssicola belonging to the Ethusidae was the deepest true 
crab captured and previously cited in a similar depth in Mar del Plata Canyon 
(Argentina) and South Brazil but not in Uruguay (Ocampo et al. 2014; Spivak et al. 
2019). Several individuals of Chaceon notialis (Fig.  19.4d) belonging to the 
Geryonidae were collected between 250 and 1660  m in the present study. This 
important commercial species has been previously reported in Uruguay down to 
1200 m (Boschi et al. 1992; Spivak et al. 2019). The other species were all collected 
at 250  m depth, and their bathymetric distribution has not been enlarged in this 
study. Peltarion spinulosum (Trichopeltariidae), Myropsis quinquespinosa 
(Leucosiidae), Latreillia williamsi (Majidae), and Tetraxanthus rathbunae 
(Xanthidae) have been previously cited in Uruguay, while Libidoclaea granaria 
(Epialtidae) and Spinolambrus pourtalesii (Parthenopidae) were cited in SWAO and 
Palicus gracilipes (Palicidae) in the Caribbean Sea (Melo 1996; Felder et al. 2009; 
de Melo 2010; Spivak et al. 2019).

To summarize, in the present study, 79 different species of decapods were col-
lected from the continental slope of Uruguay between 250 and 3800 m, and from 
those only 56 were previously reported (Spivak et al. 2019). Our results indicated 
that the waters off the Uruguayan deep-sea coast are well represented by decapod 
crustaceans when comparing with other studied deep-sea areas in the Atlantic. In 
the Madeira Archipelago, 186 species were reported, but 126 species were found in 
shallow waters (< 50 m) and 81 between 200 and 500 m (Rosa et al. 2012). In the 
continental slope off Guinea-Bissau, 122 species were reported, but 47 species were 
found at <50 m and 41 between 200 and 500 m (Muñoz et al. 2012). Moreover, 67% 
of the decapod species collected in this study were not previously reported off 
Uruguay coast and 47% in the SWAO. In relation to the bathymetric range, it was 
enlarged for 32% of the identified decapods. In addition, the frequency distribution 
of species occurrence was considered as “rare” since 56% of the species were only 
sampled once and often only one or few specimens were caught. This rarity was 
higher when compared to other areas of the world where few studies has been con-
ducted as the deep-sea communities of French Polynesia (Delavenne et al. 2019), 
clearly indicating that the decapod community of this area has been poorly studied 
and the presence of other non-cited species should be expected (Spivak et al. 2019).

These decapod specimens correspond to an abundance of 214,324 individuals 
km−2 and a biomass of 18,599,146 g km−2 (Table 19.2). Caridean shrimp (36%), 
brachyuran crabs (32%), and Dendrobranchiata shrimps (19%) were the groups pre-
senting the highest abundance (Fig. 19.5). However, at family level, the most abun-
dant was Geryonidae (27%), Nematocarcinidae (21%), and Sergestidae (16%). 
Only 1 species, C. notialis (Fig.  19.4d), represented the Geryonidae, while 
Nematocarcinidae presented 5 species and Sergestidae 11 species. The high abun-
dance and individual weight of C. notialis induced that brachyuran crabs repre-
sented 97% of the biomass and Geryonidae 96%. Without taking in account, the 
Brachyura, Caridea, and Dendrobranchiata shrimps were the most representative 
groups in biomass, and at family level, Geryonidae was followed by 
Nematocarcinidae, Polychelidae, and Sergestidae. The five species of Polychelidae 
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were representative in biomass by their individual weight since they were only 23 
individuals versus 388 individual of Nematocarcinidae and the 105 of Sergestidae. 
Regarding depth strata (Fig. 19.6), the shallowest (250 > 1100 m) was dominated by 
Brachyurans either in abundance and biomass due to the high number of C. notialis. 
In fact, in this strata were 85% of the individuals of this species. The abundance of 
the other deep benthic strata was dominated by caridean shrimps, and this abun-
dance was decreasing with depth. The abundance in the second depth benthic strata 
(1100 > 2000 m) presented 73% of caridean shrimps and 25% of Polychelida lob-
sters. In terms of biomass, these depth benthic strata did not present a clear repre-
sentation of any group. Regarding pelagic decapods, most of them corresponded to 
the Dendrobranchiata, representing the 91% in abundance and 93% in biomass. 
Two specimens of Thymops birsteini presenting a weight of 400 g were the only 
representatives of the Nephropidae. Brachyuran crabs also accounted for nearly the 
90% of the biomass in the shallowest stratum of the coastal shelf of Guinea-Bissau 
(Muñoz et al. 2012), although our stratum was much deeper. In this former study 
and other from the North Atlantic waters (Fariña et al. 1997; Cartes et al. 2007), the 
increase of decapod biomass with increasing depth has been described, though in 
the present study the highest biomass was observed in the shallower strata and no 
clear pattern was shown in the deeper strata. Regarding the geographical distribu-
tion (Fig. 19.7), the highest abundance was observed in the transect located in the 
south maybe due to the highest nutrient concentration offered by the Río de la Plata. 
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Anomura

2%

Infraorder 
Brachyura
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Infraorder 
Caridea

36%
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Fig. 19.5 Abundance and biomass of decapods collected in the deep continental slope of Uruguay 
by taxonomic subcategory and family. For complete list of taxonomic groups, see Table 19.3
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However, abundance was higher in the central transect, but those high values were 
also due to the presence of C. notialis.

In the present study, species richness (Table 19.4) in shrimps was the highest 
(S = 26 in Dendrobranchiata and S = 25 in Caridea), followed by Anomura (S = 14). 
However, their diversity indices, Shannon-Wiener diversity index (H′) and Pielou 
(J), were higher in Anomura (H′ = 1.95 vs 1.83 and 1.66; J = 0.74 vs 0.56 and 0.52), 
maybe because less single occurrence species was shown for anomurans. Regarding 
diversity by families, species richness was higher in Sergestidae (S = 12) followed 
by Benthesicymidae (S = 7) and Munidopsidae (S = 6). Also for category level, the 
diversity indices were higher for Munidopsidae (H′ = 1.61 vs 1.26 and 1.56; J = 0.90 
vs 0.51 and 0.80). Studying the diversity by habitat, the highest richness was 
observed in pelagic shrimps (S = 23) closely followed by our shallowest strata up to 
1000 m depth (S = 22). The diversity indices for pelagic species (H′ = 1.68 and 
J’ = 0.54) was intermediate among benthic depth strata and in benthic strata diver-
sity increase by depth (H′  =  1.14 to 2.17 and J  =  0.37 to 0.75). Regarding the 

Fig. 19.6 Abundance and biomass of decapods collected in the deep continental slope of Uruguay 
by habitat (pelagic vs benthic, depth for benthic decapods) in each taxonomic subcategory. 
Abbreviations: B-A = benthic at depth range A = 250 > 1100 m, B-B = benthic at depth range 
B = 1100 > 2000 m, B-C = benthic at depth range C = 2000 > 3000 m, B-D = benthic at depth range 
D = 3000–3800 m, P = pelagic
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geographical transects, the species richness was nearly twofold in the south (S = 47) 
compared to central (S = 26) and north (S = 29) transects, as we could expect by the 
release of nutrients from the Río de la Plata. However, the diversity indices were 
higher in the north close to the Brazilian border (H′ = 2.72 vs 1.07 and 2.41; J = 0.81 
vs 0.33 and 0.63). When comparing with data from Guinea-Bissau (Muñoz et al. 
2012), importance of families in terms of species richness was different, being the 
most diverse Pandalidae (S = 14), followed by Oplophoridae (S = 9), Portunidae 
(S = 8), Pasiphaeiade (S = 7), Inachidae (S = 6), and Scyllaridae (S = 5). Average 
values of species richness and diversity were higher at their deepest stratum 
(500–1000  m depth) being the one with the highest number of decapod species 
(S = 59) and the greatest diversity (H′ = 2.1). This stratum corresponded to our shal-
lower strata where species richness and diversity indices were half of the ones 
obtained in Guinea-Bissau. In our study, Dendrobranchiata represented 32% of all 
decapod diversity observed versus the 12% recorded in the Madeira Archipelago 
(Rosa et al. 2012). In benthic species, they reported a significant exponential decline 
with increasing depth and comprised seven infraorders: Caridea, Stenopodidea, 
Polychelida, Achelata, Astacidea, Anomura, and Brachyura; that for our data from 
Uruguayan waters was only evident for Caridea and Anomura in the three deeper 

Fig. 19.7 Abundance and 
biomass of decapods 
collected in the deep 
continental slope of 
Uruguay by area 
(Ce = central, N = north, 
S = south) in each 
taxonomic subcategory
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Table 19.4 Diversity indices (see text) for deep-sea crustaceans in the EEZ of Uruguay by 
subcategory, family, habitat and depth range, and area

Subcategory H′ J S

Dendrobranchiata 1.83 0.56 26.00
Caridea 1.66 0.52 25.00
Astacidea 0.00 NA 1.00
Polychelida 0.81 0.50 5.00
Anomura 1.95 0.74 14.00
Brachyura 0.74 0.34 9.00
Family
Aristeidae 0.94 0.68 4.00
Benthesicymidae 1.56 0.80 7.00
Penaeidae 0.38 0.54 2.00
Sergestidae 1.26 0.51 12.00
Pasiphaeidae 0.95 0.59 5.00
Hippolytidae 0.00 NA 1.00
Acanthephyridae 0.68 0.97 2.00
Oplophoridae 0.06 0.08 2.00
Nematocarcinidae 0.56 0.35 5.00
Alpheidae 0.00 NA 1.00
Lysmatidae 0.00 NA 1.00
Pandalidae 0.89 0.81 3.00
Crangonidae 0.60 0.55 3.00
Glyphocrangonidae 0.69 0.99 2.00
Nephropidae 0.00 NA 1.00
Polychelidae 0.81 0.50 5.00
Munidopsidae 1.61 0.90 6.00
Munididae 0.90 0.82 3.00
Porcellanidae 0.00 NA 1.00
Lithodidae 0.00 NA 1.00
Paguridae 0.00 NA 1.00
Parapaguridae 0.00 NA 1.00
Pylochelidae 0.00 NA 1.00
Trichopeltariidae 0.00 NA 1.00
Ethusinae 0.00 NA 1.00
Leucosiidae 0.00 NA 1.00
Epialtidae 0.00 NA 1.00
Majidae 0.00 NA 1.00
Palicidae 0.00 NA 1.00
Parthenopidae 0.00 NA 1.00
Geryonidae 0.00 NA 1.00
Xanthidae 0.00 NA 1.00

(continued)
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strata. They also showed that richness was maximum between 1000 and 2000 m and 
then declined sharply towards lower bathyal (20 species, from a total of 175, 
between 2500 and 3000 m depth) and more steadily towards abyssal depths (10 spe-
cies between 4500 and 5000 m depth). In this study, there was a decrease in the 
second stratum (10 species between 1100 and < 2000 m) while then increased in 
deepest strata (17 species between 2000 and < 3000 m and 18 species between 3000 
and 3800 m). This tendency of increasing decapod diversity with depth, reaching 
maxima values between 1000 and 2000 m, was also described for other areas in the 
northeastern Atlantic (Fariña et al. 1997; Cartes et al. 2007) but was not observed in 
the present study in the SWAO.

19.4  Conclusions

In the continental slope of Uruguay, we collected 79 different species of decapods 
from 250 to 3800 m depth, and 56% of the species were only sampled once and 
often with only 1 or few specimens. Among the 51 decapod species described previ-
ously below 200 m depth (Spivak et al. 2019), only 16 species were collected by us 
and other 5 species previously cited by these authors in the SWAO, and their distri-
bution was expanded to Uruguay plus other 3 that were reported in shallowest 
waters. These results might indicate that the data off Uruguayan waters are still 
scarce and therefore it remains difficult to study diversity patterns, in terms of either 
occurrence, abundance, rarity, species richness, or functional diversity. For mainte-
nance of the biodiversity in the deep waters off Uruguayan coast and before fishing 
or mining exploitation is developed, we recommend the implementation of long- 
term biological and environmental monitoring programs that could enlarge the 
knowledge in this poor studied area and detect possible changes in the structure, 
biomass, and diversity of benthic assemblages.

Table 19.4 (continued)

Subcategory H′ J S

H_DR
B_A 1.14 0.37 22.00
B_B 1.25 0.54 10.00
B_C 2.03 0.72 17.00
B_D 2.17 0.75 18.00
P 1.68 0.54 23.00
Area
N 2.72 0.81 29
Ce 1.07 0.33 26
S 2.41 0.63 47

Habitat and depth (H_DR): H habitat (B benthic, P pelagic), DR depth range (A, 250 > 1100 m;  
B, 1100 > 2000 m; C, 2000 > 3000 m; and D, 3000–3800 m). Area: Ce central, N north, S south
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Chapter 20
Deep-Sea Megacrustacean Biodiversity 
(Crustacea, Decapoda) in the South Gulf 
of Mexico

A. R. Vázquez-Bader and A. Gracia

Abstract One hundred sixty-eight crustacean species were identified in a study of 
the deep-sea benthic megafauna conducted along the upper continental slope 
(300–1200 m depth) of the Mexican Gulf of Mexico. A total of 18 cruises were 
conducted on board the R/V Justo Sierra of the Universidad Nacional Autónoma de 
México from off Tamaulipas to Yucatán. Samples were obtained with a commercial 
shrimp trawl net (18 m mouth aperture, 4.5 cm stretched mesh, 1.5 cm stretched 
mesh cod-end). The Decapoda were the dominant taxa and comprised 46 families, 
94 genera, and 162 species. Three species of Lophogastrida and two genera with 
one species each of Stomatopoda were also encountered. The records of the only 
genus and species of Isopoda, Bathynomus giganteus, extended its geographical 
range. Comparing families, Munidopsidae was the most speciose (20), followed by 
the Pandalidae (11), Acanthephyridae (9), Munididae (9), Oplophoridae (7), and 
Paguridae (7). The rest of the families were only presented a low number of species 
(< 5). The south-southwest sector of the Gulf of Mexico exhibited the highest rich-
ness and abundance. For several species extensions of their bathymetrical and geo-
graphical ranges were recorded. The faunal composition in the southern Gulf of 
Mexico showed differences compared to northern region.

Keywords Megacrustacean · Diversity · Distribution · Bathymetric ranges

20.1  Introduction

The Gulf of Mexico is the ninth largest body of water in the world, and it is recog-
nized as one of 64 Large Marine Ecosystems by the US National Oceanic and 
Atmospheric Administration (NOAA). It is located in a subtropical region influ-
enced by the Atlantic Ocean through the Yucatan Channel and the Straits of Florida 

A. R. Vázquez-Bader (*) · A. Gracia 
Instituto de Ciencias del Mar y Limnología, Laboratorio de Ecología Pesquera de Crustáceos, 
Universidad Nacional Autónoma de México, Ciudad de México, Mexico

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-58410-8_20&domain=pdf
https://doi.org/10.1007/978-3-030-58410-8_20#DOI


474

(Monreal-Gómez et al. 2004) and is one of the most productive and important bod-
ies of water due to its economic activities and fisheries (Cato 2009; Ward and 
Tunnell Jr 2017). Deep waters constitute the largest part of the Gulf of Mexico as 
68% correspond to continental slope (200–3000 m) and abyssal plain (> 3000 m). 
Also, the Gulf of Mexico abundant deep supplies of oil and gas in shallow- waters, 
supported for a long time the marine oil industry of Mexico and USA and nowadays 
deep-water and ultra-deep-water sources (≥ 1500 m water depth) are potentially 
important (Murawski et al. 2020).

The continental shelf of the southern part of the Gulf of Mexico (hereafter abbre-
viated SGMx) is narrow and terrigenous in the northwest zone. In the southwest of 
the GMx, the continental platform is wide with a terrigenous zone and a large car-
bonate area in the southeast, adjacent to the Yucatan Peninsula. Despite the com-
plexity and variety of habitats of the SGMx, the knowledge of its marine diversity 
is scarce, especially in deep waters (> 200 m). This is mainly due to the difficulty of 
exploring deep waters owing to the financial support and the availability of taxo-
nomic experts of different groups.

The available information about deep-water crustacean fauna in the SGMx (from 
200 to 1200 m) is mainly based on records by US expeditions (e.g., R/V Alaminos, 
Oregon, and Pillsbury). Most of the information is dispersed and available in these 
reports and US collections, although unfortunately much information has not been 
published. Recently, some studies have been reported on the fauna in Mexican deep 
waters that substantially increased the knowledge of crustacean diversity in the 
Mexican part of the GMx (Vázquez-Bader and Gracia 2004; Lozano-Álvarez et al. 
2007; Escobar-Briones et al. 2008; Gracia et al. 2010; Briones et al 2010; Vázquez- 
Bader and Gracia 2013, 2016; Gracia and Vázquez-Bader 2014; Vázquez-Bader 
et al. 2014; Lemaitre et al. 2014).

The present study, developed with funds of the National Autonomous University 
of Mexico, is unique because it is the first time that the deep megacrustaceans of the 
Mexican continental slope (from 200 to 1200 m) were sampled in an extensive and 
comprehensive way along the whole Mexican Gulf. Furthermore, these results 
could form the basis for specific surveys aimed at further enhancing the knowledge 
of megacrustacean diversity, distribution, and abundance, as well as deeper water 
environmental conservation and potential impact of human activities in the Gulf 
of Mexico.

20.2  Material and Methods

20.2.1  Sampling Methods

This study analyzed biological material collected in 20 cruises carried out along the 
upper continental slope off Tamaulipas to Quintana Roo, in water depths of 
200–1200 m (Fig. 20.1). The oceanographic cruises, BATO (n = 1); BIOREPES 
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(n = 3); COBERPES (n = 9); SIGSBEE (n = 2); and SOGOM (n = 4), were con-
ducted on board the R/V Justo Sierra of the Universidad Nacional Autónoma de 
México. DGoMb was carried out on board the R/V Gyre. Table 20.1 shows all rel-
evant cruise information.

Samples were obtained with a commercial shrimp trawl net (18 m mouth aper-
ture, 4.5 cm stretched mesh, 1.5 cm stretched mesh cod-end). Before each deploy-
ment, bottom topography was explored with a Multibeam Echosounder EM 300 and 
sub-bottom profiler TOPAS PS 18 to find soft bottoms suitable for trawling. Trawl 
sampling was done for 30 min at an average speed of 2.5–3 knots; details of the 
procedure are described in Gracia and Vázquez-Bader (Chap. 10, this book). The 
trawls were carried out at 100 m interval along the upper continental shelf. Due to 
difficulties in finding suitable trawling sites, data of some depth strata were lacking. 
Although sampling was specifically directed to epibenthic fauna, pelagic and ben-
thopelagic crustaceans were also caught during trawl net recovery. The retrieval 
time duration increased with depth, which could be up to 150% longer (45 min) 
when sampling in deeper locations (>900 m). In this way it could be considered that 
the crustaceans living in the water column were “indirectly” sampled; however, it is 
clear that the gear used is not entirely appropriate for this purpose.

Fig. 20.1 Map of the South Gulf of Mexico showing sampling sites (circles) of surveys in the 
southwestern Gulf of Mexico. TAM  =  Tamaulipas, Ver  =  Veracruz, TAB  =  Tabasco, 
CAM  =  Campeche, YUC  =  Yucatán, and QRO  =  Quintana Roo. WNW  =  west-northwest, 
WSW  =  west-southwest, SSW  =  south-southwest, SSE  =  south-southeast, and ESE  =  east- 
southeast (taken from Felder and Camp 2009)

20 Deep-Sea Megacrustacean Biodiversity in the South Gulf of Mexico
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20.2.2  Analysis of Biological Data

All specimens studied are kept in the Crustacean Reference Collection of the 
Laboratorio de Ecología Pesquera de Crustáceos (LEPC-ICML-UNAM), including 
the specimens donated by cruises DGoMb, SIGSBEE 9, and SIGSBEE 10 
(Table 20.1). All of them were preserved on board in 70% ethanol and, where pos-
sible, were identified to species level and then counted, sexed, weighted, and labeled.

The highest taxonomy was accorded to De Grave et al. (2009) and Poore (2016) 
for Decapoda, Reaka et  al. (2009) for Stomatopoda, and Price et  al. (2009) for 
Lophogastrida. As a rule, the latest taxonomic or systematic treatment for each spe-
cies was followed. In several collected specimens, we noticed that the taxonomic 
description did not fully match with known species; hence, these are possibly new 
species. Only species fully identified were included in the analysis.

We also recorded depth range (m) and distribution for each species in the SGMx. 
Particularly for distribution analysis, we used the Gulf of Mexico sector division 
proposed by Felder and Camp (2009): west-northwest (WNW), west-southwest 
(WSW), south-southeast (SSE), and east-southeast (ESE). Although the division of 
GMx is somewhat arbitrary and potentially does not have any biogeographic signifi-
cance, it is herein followed for comparative purposes with previous work.

Table 20.1 Oceanographic cruises (OC) data: date, depth range (m), and number of trawls by 
sector of southwestern Gulf of Mexico

OC Date Depth Sector # Trawls

BATO V/1999 244–612 SSW 40
DGoMB VIII/2002 3015–3730 WSW, SSW, ESE 5
BIOREPES VIII/2005 201–774 SSW, SSE, ESE 20
SIGSBEE 9 VIII/2006 266–398 WSW 6
BIOREPES 2 V/2007 200–1071 SSW, SSE 35
SIGSBEE 10 VI/2007 269–350 WSW 6
BIOREPES 3 X1/2008 272–1108 WNW, WSW 33
COBERPES 2009 VIII/2009 294–1141 SSW 39
COBERPES 2011 IV/2011 308–1040 SSW, SSE, ESE 30
COBERPES 3 XI/2011 210–1068 SSW 21
COBERPES 4 VIII/2012 306–1065 WNW, WSW, SSW 31
COBERPES 5 V/2013 302–1095 SSW 31
COBERPES 6 VIII/2014 336–645 SSW, SSE, ESE 30
SOGOM 1 VI/2015 301–575 SSW 13
COBERPES 7 III–IV/2016 315–1143 SSW 11
SOGOM 2 IX/2016 310–815 SSW 13
COBERPES 8 X/2016 298–1063 SSW 34
SOGOM 3 V/2017 317–832 SSW 16
COBERPES 9 VIII/2017 296–909 WNW, WSW 48
SOGOM 4 IX/2018 294–827 SSW 15

WNW west-northwest, WSW west-southwest, SSW south-southwest, SSE south-southeast, and ESE 
east-southeast
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Species distribution and bathymetric ranges were compared with data found in 
the literature: for decapods (Felder et al. 2009a, b), isopods (Schotte et al. 2009), 
lophogastrids (Price et al. 2009), and stomatopods (Reaka et al. 2009).

Each species identification was listed with corresponding authority and number 
of presences in each sector. Species with distribution in the Caribbean were high-
lighted with **, and species in bold are known only from the Gulf of Mexico (GMx) 
(Table 20.2).

20.3  Results and Discussion

We recorded 168 crustacean species: Decapoda (162), Isopoda (1), Lophogastrida 
(3), and Stomatopoda (2) (Table  20.2). The only genus and species of Isopoda, 
Bathynomus giganteus A. Milne-Edwards, 1879, was frequent in all trawls; and its 
known geographical range in SGMx was extended (Table  20.2). Two taxa of 
Stomatopoda were recorded in the upper slope of the SGMx. Eurysquilla chacei 
Manning, 1969, constituting was the first record in the southern GMx. Also, we col-
lected Squilla edentata edentata (Lunz, 1937) which is common across all sectors 
of the GMx.

The three species of lophogastridans (Neognathophausia ingens (Dohrn, 1870), 
Gnathophausia gigas (Willemoes-Suhm, 1873), and Gnathophausia zoea 
Willemoes-Suhm, 1875) were previously reported as cosmopolitan in abys-
sal depths.

The decapods were the dominant taxa, comprising of 46 families, 94 genera, and 
162 species; almost all of them belonged to taxa typical of the upper continental 
slope. Among families, Munidopsidae was the most speciose (20), followed by the 
Pandalidae (11), Acanthephyridae (9), Munididae (9), Oplophoridae (7), and 
Paguridae (7). The rest of the families presented a low number of species (< 5) 
(Table 20.3).

Burdett (2016) reported for the North Gulf of Mexico a high abundance and 
biomass for species of the families Acanthephyridae and Oplophoridae, but it is not 
comparable with the present study since the sampling gear employed was for pelagic 
trawls (MOCNESS net). The importance of these families is that the majority of 
their pelagic species contribute greatly to food webs of deep-sea communities.

The number of crustacean genera was similar in each sector (> 60), except for 
SSW (n  =  75). For species, the highest number was registered in sector SSW 
(n = 122), followed by ESE (n = 106); the rest of the sectors presented a smaller 
number of species (< 100).

The differences of sector species richness are probably influenced by sea bottom 
topography and consequently sampling effort herein deployed. It must be reminded 
that our sampling gear operation was limited to soft substrate bottoms. The upper 
continental shelf in front of Tamaulipas and north of Veracruz (WNW) is narrow, 
rugged, and steep which is difficult for sampling with trawl nets and thus has fewer 
sampling locations, whereas the areas of Campeche Bay and Campeche Bank 
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Table 20.3 Number of genera (GEN) and species (SPP) by family in the sectors of the southwestern 
Gulf of Mexico

SGMX
Higher taxon TOTAL WNW WSW SSW SSE ESE
Family GEN SPP GEN SPP GEN SPP GEN SPP GEN SPP GEN SPP

Dendrobranchiata
Penaeoidea
Aristeidae 4 4 4 4 3 3 4 4 4 4 3 3
Benthesicymidae 2 2 1 1 2 2 1 1 1 1 1 1
Penaeidae 3 4 2 2 2 3 3 4 2 3 3 4
Solenoceridae 3 5 3 3 3 4 3 5 3 4 3 3
Pleocyemata
Anomura
Chirostyloidea
Chirostylidae 2 6 2 2 1 1 2 3 3 4 1 4
Sternostylidae 1 1 0 0 0 0 1 1 1 1 0 0
Galatheoidea
Munididae 2 9 2 4 2 6 2 6 2 8 2 8
Munidopsidae 2 20 2 6 2 10 2 13 2 4 2 12
Porcellanidae 1 1 0 0 1 1 0 0 1 1 0 0
Lithodoidea
Lithodidae 1 1 1 1 0 0 0 0 0 0 0 0
Paguroidea
Diogenidae 2 2 0 0 0 0 2 2 0 0 1 1
Paguridae 5 7 2 2 1 2 4 6 3 3 3 3
Parapaguridae 4 5 2 3 2 2 4 5 3 3 3 3
Pylochelidae 1 1 0 0 1 1 1 1 1 1 0 0
Astacidea
Nephropoidea
Nephropidae 2 4 2 3 2 3 2 3 2 3 2 4
Brachyura
Calappoidea
Calappidae 1 1 1 1 1 1 1 1 1 1 1 1
Dorippoidea
Ethusidae 1 1 1 1 1 1 1 1 1 1 1 1
Goneplacoidea
Euryplacidae 2 2 0 0 0 0 2 2 2 2 2 2
Goneplacidae 1 1 1 1 1 1 1 1 1 1 1 1
Leucosioidea
Leucosiidae 2 2 0 0 2 2 3 3 1 1 2 2
Majoidea
Epialtidae 5 6 2 2 3 3 3 4 4 5 4 4
Inachidae 1 1 0 0 0 0 0 0 0 0 1 1
Inachoididae 3 5 1 1 2 2 2 3 2 3 0 0

(continued)
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Table 20.3 (continued)

SGMX
Higher taxon TOTAL WNW WSW SSW SSE ESE
Family GEN SPP GEN SPP GEN SPP GEN SPP GEN SPP GEN SPP

Palicoidea
Palicidae 1 3 1 1 1 2 1 2 1 1 1 3
Parthenopoidea
Parthenopidae 3 3 0 0 1 1 2 2 1 1 1 1
Portunoidea
Geryonidae 2 2 2 2 2 2 2 2 1 1 1 1
Polybiidae 1 1 1 1 1 1 1 1 1 1 1 1
Portunidae 2 3 1 1 1 2 0 0 1 1 0 0
Trichopeltarioidea
Trichopeltariidae 1 1 1 1 1 1 1 1 0 0 0 0
Xanthoidea
Pseudorhombilidae 3 4 0 0 1 1 2 2 3 3 2 2
Xanthidae 1 1 0 0 0 0 1 1 0 0 0 0
Cyclodorippoidea
Cyclodorippidae

2 4 0 0 0 0 1 2 0 0 2 4

Homoloidea
Homolidae 2 3 0 0 0 0 0 0 0 0 2 3
Latreilliidae 1 1 0 0 0 0 0 0 0 0 1 1
Homolodromoidea
Homolodromiidae 1 1 0 0 1 1 1 1 0 0 1 1
Raninoidea
Raninidae 1 1 1 1 1 1 1 1 0 0 0 0
Caridea
Cangronoidea
Crangonidae 1 2 1 2 1 2 1 2 0 0 1 1
Glyphocrangonidae 1 5 1 2 1 3 1 5 1 5 1 5
Nematocarcinoidea
Eugonatonotidae 1 1 0 0 0 0 1 1 0 0 0 0
Nematocarcinidae 1 2 1 2 1 2 1 2 1 2 1 2
Psalidopodoidea
Psalidopidae 1 1 1 1 1 1 1 1 0 0 1 1
Oplophoroidea 0 0 0 0 0 0
Acanthephyridae 4 9 1 3 2 2 1 5 2 2 3
Oplophoridae 3 6 3 5 3 4 3 4 3 3 2 4
Pandaloidea
Pandalidae 2 11 2 4 2 9 2 10 2 7 2 7
Pasiphaeoidea
Pasiphaeidae 2 2 1 1 2 2 1 0 1 1 1 1
Polychelida
Polychelidae 3 4 2 3 3 4 2 3 2 2 3 3

(continued)
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(SSW) are characterized by a broad shelf and smooth slope, presenting more oppor-
tunities for trawling. In addition, the upper continental shelves of Campeche and 
Yucatán (SSE and ESE) are characterized by the presence of ridges and canyons and 
several deep coral reef formations, making sampling difficult.

Data obtained about crustacean species occurrence in the SGMx showed that at 
least 50% of species were not recorded before in each sector. In the WSW and ESE, 
there were more species present; however, it does not reach even 50% of the total 
species registered in the present study. An extension of the bathymetric range, either 
in the lower or in the upper limit, was documented in 26 species (21%) of the total 
collected in SSW sector. In the other sectors, this percentage was as follows: ESE 
14 (13%), SSE 12 (14%), WNW 11 (16%), and WSW 9 (10%) (Table 20.4). It is 
expected that further studies could give more information about the species depth 
distribution ranges as well as its seasonal variations.

The high percentage of species with geographic and bathymetric extension 
ranges, in addition, to species not recorded in the South Gulf of Mexico, reflects the 
scarce knowledge about crustaceans in this region prior to this survey, particularly 
in depths beyond to 200 m. The lack of information was pointed out by Wicksten 
and Packard (2005) who discussed the difference in total number of sampled sites 
between the North Gulf of Mexico compared to the southern area (396 and 42, 
respectively). A similar case was observed in the study of demersal fish species in 
the upper slope in SGMx, which contributed with several new distribution and 
bathymetrical range extensions (Ramírez et al. 2019).

The present surveys revealed that crustaceans were a dominant group in genera 
and species number, frequency, and abundance among other megainvertebrates like 
echinoderms and mollusks. Total crustaceans collected in our cruises carried out in 
the SGMx amounted to 39,000 specimens. The families Aristeidae, 
Nematocarcinidae, Benthesicymidae, Penaeidae, Parapaguridae, and Solenoceridae 

Table 20.3 (continued)

SGMX
Higher taxon TOTAL WNW WSW SSW SSE ESE
Family GEN SPP GEN SPP GEN SPP GEN SPP GEN SPP GEN SPP

Hoplocarida
Stomatopoda
Eurysquilloidea
Eurysquillidae 1 1 0 0 0 0 0 0 1 1 0 0
Squilloidea
Squillidae 1 1 0 0 1 1 1 1 1 1 0 0
Isopoda
Cymothooidea
Cirolanidae 1 1 1 1 1 1 1 1 1 1 1 1
Lophogastrida
Gnathophausiidae 2 3 1 0 2 3 2 3 2 2 2 2

WNW west-northwest, WSW west-southwest, SSW south-southwest, SSE south-southeast, and ESE 
east-southeast
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Table 20.4 Numbers of species in each family, record, and range extensions (B, bathymetric; D, 
distribution) by sector in the southwestern Gulf of Mexico

SGMX
Higher taxon WNW WSW SSW SSE ESE
Family B D B D B D B D B D

Decapoda Dendrobranchiata
Penaeoidea
Aristeidae 3 2 1 2 4 3 4 3 3 1
Benthesicymidae 1 0 0 0 1 0 1 0 1 0
Penaeidae 0 2 0 1 0 2 0 1 0 2
Solenoceridae 1 1 0 1 1 1 0 1 1 1
Anomura
Chirostyloidea
Chirostylidae 1 2 0 2 1 5 1 4 2 4
Sternostylidae 0 0 0 0 1 1 1 1 1 1
Galatheoidea
Munididae 0 1 0 1 0 4 1 3 1 1
Munidopsidae 0 2 1 6 3 8 0 1 1 6
Porcellanidae 0 0 0 0 0 1 1 0 0
Lithodoidea
Lithodidae 0 1 0 1 1 1 0 1 0 1
Paguroidea
Diogenidae 0 1 1 0 3 1 0 1 0 1
Paguridae 0 0 0 2 0 3 0 1 0 1
Parapaguridae 0 0 0 0 0 0 0 0 0 0
Pylochelidae 0 0 0 0 0 0 0 0 0 0
Astacidea
Nephropoidea
Nephropidae 0 3 0 3 3 3 0 3 0 4
Brachyura
Calappoidea
Calappidae 0 0 0 0 0 1 0 1 0 0
Dorippoidea
Ethusidae 0 0 0 0 0 1 0 0 0 0
Goneplacoidea
Euryplacidae 0 0 0 0 0 0 0 0 0 1
Goneplacidae 1 0 0 0 0 1 0 2 0 0
Leucosioidea
Leucosiidae 0 0 1 0 1 0 0 0 0 0
Majoidea
Epialtidae 0 2 0 2 0 4 0 3 0 2
Inachidae 0 0 0 0 0 1 0 0 0 0
Inachoididae 0 0 0 0 2 0 0 0 0 0
Palicoidea

(continued)
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Table 20.4 (continued)

SGMX
Higher taxon WNW WSW SSW SSE ESE
Family B D B D B D B D B D

Palicidae 1 1 1 2 1 2 1 1 1 1
Parthenopoidea
Parthenopidae 0 0 0 1 0 2 0 1 0 1
Portunoidea
Geryonidae 0 1 1 1 0 1 0 1 0 0
Polybiidae 0 0 0 1 0 1 0 1 0 1
Portunidae 1 1 1 1 1 1 0 0 0 0
Trichopeltarioidea
Trichopeltariidae 1 1 1 1 1 1 0 0 0 0
Xanthoidea
Pseudorhombilidae 0 1 0 1 0 1 0 2 0 0
Xanthidae 0 1 0 1 0 1 0 1 0 1
Cyclodorippoidea
Cyclodorippidae 0 0 0 0 0 0 0 1 0 0
Homoloidea
Homolidae 0 1 0 1 0 2 0 2 0 0
Latreilliidae 0 0 0 0 0 0 0 0 0 0
Homolodromioidea
Homolodromiidae 0 1 0 1 0 2 0 2 0 0
Raninoidea
Raninidae 0 1 0 0 0 1 0 1 0 1
Caridea
Cangronoidea
Crangonidae 0 1 0 1 0 1 0 1 0 0
Glyphocrangonidae 1 0 1 0 2 0 1 0 1 0
Nematocarcinoidea
Eugonatonotidae 0 0 0 0 0 1 0 0 0 0
Nematocarcinidae 0 1 0 1 0 1 0 1 0 1
Psalidopodoidea
Psalidopidae 0 0 0 1 0 1 0 1 0 1
Oplophoroidea
Acanthephyridae 0 0 0 1 0 0 0 0 0
Oplophoridae 0 2 0 1 0 2 0 1 1 2
Pandaloidea
Pandalidae 0 2 1 4 1 8 1 5 1 3
Pasiphaeoidea
Pasiphaeidae 0 0 0 0 0 0 0 1 0 1
Polychelida
Polychelidae 0 2 0 2 0 2 0 1 0 1

(continued)
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Table 20.4 (continued)

SGMX
Higher taxon WNW WSW SSW SSE ESE
Family B D B D B D B D B D

Hoplocarida
Stomatopoda
Eurysquilloidea
Eurysquillidae 0 1 0 0 0 1 0 1 0 1
Squilloidea
Squillidae 0 0 0 0 0 0 0 0 0 0
Isopoda
Cymothooidea
Cirolanidae 0 0 0 1 0 1 0 0 0 0
Lophogastrida
Gnathophausiidae 0 3 0 2 0 2 0 2 0 2

WNW west-northwest, WSW west-southwest, SSW south-southwest, SSE south-southeast, and ESE 
east-southeast

(in descending order) presented the highest abundance in all sectors. The following 
species were the most abundant and frequent: Aristaeomorpha foliacea (Risso, 
1827); Nematocarcinus rotundus Crosnier and Forest, 1973; Benthoecetes bartletti 
(Smith, 1882); Penaeopsis serrata Bate, 1881; Sympagurus pictus Smith, 1883; and 
Pleoticus robustus (Smith, 1885). A comparative analysis of abundance by sector 
showed that SSW presented the highest abundance, followed by ESE, WSW, SSE, 
and WNW. Besides the sampling effort, the difference in abundance was probably 
influenced by the freshwater discharge of the main rivers (Grijalva-Usumacinta sys-
tem) and cyclonic gyres in Campeche Bank that may enhance primary production 
through the input of nutrients to deep-water ecosystem.

The distributional analysis showed that the majority of crustacean species (50) 
occurred in only 1 sector (SSW) and only 38 species occur throughout all 5 sectors; 
the rest of the species were collected in 2–4 sectors.

The fauna of deep-water crustaceans of the SGMx contains a few endemic spe-
cies. Two of these species were recently described: Munidopsis shulerae Vázquez-
Bader et  al., 2014 (SSW, ESE); Tomopaguropsis ahkinpechensis Lemaitre et  al., 
2014 (SSW); and the pagurid Pagurus bullisi Wass, 1973 (SSW).

Six species were previously only known from the Caribbean Sea and are new 
records for the Gulf of Mexico: two species of Munididae, Munidopsis bradleyi 
Pequegnat and Pequegnat, 1971 (SSW), and Munidopsis riveroi Chace Jr, 1939 
(WNW and WSW); two Chirostylidae, Sternostylus salvadori (Rice and Miller, 
1991) (SSW and SSE) and Uroptychus spiniger Benedict, 1902 (WNW and ESE); 
one species of Cyclodorippidae, Clythrocerus carinatus Coelho, 1973 (ESE); and 
one species of Pseudorhombilidae, Robertsella meridionalis Tavares and Gouvêa, 
2013 (ESE).

Fifteen species show a distribution range that encompass the Gulf of Mexico and 
waters beyond the Atlantic Ocean (Pacific and Indo-Pacific), and nine can be 
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considered as cosmopolitan. The majority of species (86 %) range from south of 
Cape Hatteras, North Carolina, to the Gulf of Mexico and the Caribbean and further 
western and eastern Atlantic.

The faunal composition in the SGMx showed differences compared to the north-
ern region, particularly in species not recorded before. For example, Wicksten and 
Packard (2005) mentioned that the parapagurid Paragiopagurus pilimanus 
(A. Milne-Edwards, 1880) has a distribution in the western Atlantic off Florida and 
in the Caribbean but not entering the Gulf of Mexico. However, we registered this 
hermit crab in low numbers (<5 specimens) in the SSW and SSE sectors. These 
authors also pointed out that Munida iris A. Milne-Edwards, 1880, was reported 
only once in the southern Gulf of Mexico, but this species was very frequent and 
abundant throughout all sectors in our study.

Shrimp species as Parapontocaris caribbaea (Boone, 1927) and Plesionika lon-
gipes (A. Milne-Edwards, 1881) were reported with a low abundance in the north-
ern Gulf of Mexico, considered more common in the Caribbean, and frequently 
collected in four of the five sectors (50 and more than 400 specimens, respectively). 
Besides, we recorded a continuous distribution (throughout all sectors of SGMx) for 
the commercial shrimp Aristeus antillensis A. Milne-Edwards and Bouvier, 1909.

In spite of the intensive and systematic sampling carried on the upper slope of the 
SGMx in this study, it is obvious that the crustacean species list will be updated with 
increased sampling effort and by using different sampling equipment. Another 
aspect is related to taxonomic difficulties found in the identification of several spec-
imens collected that do not fit to descriptions available in the literature (e.g., fami-
lies Chirostylidae, Nematocarcinidae, Pasiphaeidae, Pseudorhombilidae, 
Sergestidae, Stenopodidae, and Xanthidae).

Our analysis suggests that the deep-water megacrustacean fauna of the northern 
and southern Gulf of Mexico may have different composition and abundance pat-
terns. However, it is evident that more extensive and exhaustive studies are needed 
to characterize the crustacean community distribution pattern across the whole Gulf 
of Mexico.
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Chapter 21
Catalogue of Typical Deep-Sea Decapod 
Fauna from Brazilian Waters

I. Cardoso Azevedo, F. Alves-Junior Almeida, 
and T. Rodrigues Garcia Almeida

Abstract The deep sea is one of the last frontiers to biodiversity knowledge mainly 
due to the difficulties to access this environment. Additionally, the deep sea is con-
stantly suffering anthropogenic impact (fishery activities, mininger exploration, and 
pollution). Recent efforts have contributed to knowledge on deep-sea Decapoda in 
Brazilian waters. However, these inventories are still far from complete. The main 
goal of this work is to compile the existing information, including these recent 
inventories of typically deep-sea species from Brazilian waters, >500 m depth (also 
including the Rio Grande Rise area). We herein list a total of 181 species of the two 
decapod suborders: Dendrobranchiata (32 species) and Pleocyemata (149 species). 
From the Pleocyemata eight out of the ten decapod infraorders were represented: 68 
species of carideans; 31 of anomurans, 36 of brachyurans, 5 species of Astacidea 
and Polychelidae, 2 species of Achelata, and 1 of Stenopodidea and Axiidea each. 
As expected, the shrimp fauna was more diverse than the crab and lobster fauna. 
This is in contrast with the global diversity which is highest in the Brachyura.

Keywords Decapoda · Deep sea · Checklist · Brazil · Southwestern Atlantic

21.1  Introduction

About 70% of the Earth’s surface is covered by sea, of which more than 90% con-
cerns areas with depths below 1000 m (Bouchet 2006; Sumida 2009). It is quite 
difficult to access these deep regions and many of them remain unexplored. The 
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knowledge of deep-sea biodiversity goes along with the development of sample 
technologies (ships, drags, nets) and “in situ” observations (“ROV remotely  operated 
vehicle” and “HOV human-occupied vehicle”) to access this distant environment.

The first deep-sea hauls in Brazilian waters were carried out by Challenger 
Expedition (1872–1876). Despite recent sampling efforts, the knowledge of 
Brazilian deep-sea biodiversity is still modest. This is mainly caused by the high 
cost of deep-sea oceanographic campaigns and their logistic difficulties. In 1987, 
the oceanographic cruise TAAF MD55/Brasil sampled along the Vitória-Trindade 
chain (Espírito Santo). The first major effort to increase our knowledge of the 
Brazilian deep-sea fauna however was the REVIZEE project (Estudo dos Recursos 
Vivos da Zona Econômica Exclusiva) that sampled along the entire Brazilian coast. 
The increasing exploration by Brazilian oil companies in deep-sea areas enhanced 
the development of Brazilian deep-sea research technologies and increased the 
knowledge of marine biodiversity. Some relevant projects are “Environmental 
Characterization of Deep waters at Campos Basin” (CENPES/PETROBRAS), 
“Evaluation of environmental heterogeneity at Campos Basin” (CENPES/
PETROBRAS), “Avaliação da Biota Bentônica e Planctônica da Bacia Potiguar e 
Ceará (BPOT)” (Petrobras), and more recently “Acoustic along the Brazilian Coast” 
(ABRACOS/IRD France).

Apart from the difficulties to access the deep sea, this environment is suffering 
from anthropogenic impact mainly due to the fishery activities (dregging and trawl-
ing with bottom nets), mining explorations, and pollution (Santos et  al. 2013). 
Knowledge on the impact of natural processes and long-term conservation actions 
is indispensable to tackle present-day biodiversity issues. Recent efforts are improv-
ing the knowledge on deep-sea Decapoda in Brazilian waters. This inventory, how-
ever, is still far from complete (Komai 2004; Cardoso and Young 2005; Tavares and 
Cardoso 2006; Cardoso 2009a, 2013; Cardoso and Burukovsky 2014; Cardoso et al. 
2017; Alves-Júnior et al. 2017a, 2018a, 2019a, b; Rodrigues and Cardoso 2019).

21.2  Material and Methods

This paper is a data compilation of papers dealing with the taxonomy of typically 
deep-sea species from Brazilian waters (also including the Rio Grande Rise area). 
The Brazilian coastline extends around 7.500 km on the Atlantic coast from Cape 
Orange at north (5oN) to Chuí (34oS) (Serejo and Siqueira 2018). According to 
Sumida and Pires-Vanin (1997) and Sumida (2009), the typical deep-sea fauna from 
Brazilian waters starts below 500 m depth. The upper slope region between 200 and 
500 m depth is a transition zone between the shelf fauna and the deep-sea fauna 
(Sumida 2009). We here only include species living below 500 m depth.

Material listed herein were sampled mainly by the following deep-sea research 
projects: the TAAF MD55/Brazil (Espírito Santo); the REVIZEE Central project, 
which collected samples on the continental shelf and slope with the R.V. Thalassa 
off the Central Brazilian coast (11oS and 21°S) between 1999 and 2001, at depths 
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from 200 to 2000 m, with two net types (ARROW and GOV); the “Campos Basin 
Deep Sea Environmental Project” (OCEANPROF), coordinated by CENPES/
PETROBRAS, sampled in the Campos Basin (between 21o48′S and 22o48′S, Rio de 
Janeiro), using N/RB Astrogaroupa, two campaigns, Oceanprof I and II, were per-
formed using opening/closing nets, the Oceanprof I campaign was carried out in 
February 2003 and collected at depths between 1074 and 1649 m, the Oceanprof II 
was carried out in August 2003 and collected between 1059 and 1640  m; the 
“Evaluation of Environmental Heterogeneity in the Campos Basin (HABITATS) 
project,” coordinated by CENPES/PETROBRAS, sampled on the continental shelf 
and slope of the Campos Basin (Rio de Janeiro) in April 2008, with the R.V. Gyre 
in depths between 400 and 1200 m, using dragnets for fishery; the BPOT “Avaliação 
da biota bentônica e plânctonica da Bacia Potiguar e Ceará” sampled at Potiguar 
Basin, located in the northeast of Brazil (03/05°S; 38/35°W), in the states of Ceará 
(CE) and Rio Grande do Norte (RN) along the continental slope using bottom trawls 
and semi-balloon otter trawl net, between 150 and 2068 m depth, on board of the 
R/V Luke Thomas in December 2009 and on board of the R/V Seward Johnson in 
May 2011; the “Acoustic along the Brazilian Coast” (ABRACOS 2) sampled around 
the seamounts of the Ceará Chain, Atol das Rocas, and Fernando de Noronha 
Archipelago, using a micronekton net, between 40 and 1660 m depth, carried out by 
the R/V Antea in April 2017.

Suborders and infraorders are listed in systematic order following the classifica-
tion presented by De Grave et al. (2009). Families, genera, and species inside these 
groups are listed alphabetically. We present here a restricted synonymy for each 
species, including the original description, references to junior synonyms, and some 
of the most relevant works with taxonomy of the species, mainly dealing with 
Brazilian fauna. References included at synonymy of each species were used to 
elaborate the respective geographic and bathymetric topics. For some species that 
realize wide vertical migration, all depths of occurrence were considered, including 
superficial waters.

21.3  Results

21.3.1  Species Richness

A total of 181 species distributed in the two decapod suborders (32 Dendrobranchiata 
and 149 Pleocyemata) were recorded herein. Eight of the ten Pleocyemata infraorders 
were represented: 68 species of Caridea, 31 of Anomura, 36 of Brachyura, 5 species 
of Astacidea and Polychelidea, 2 of Achelata, and 1 species of Stenopodidea and 
Axiidea.

Herein we present the first record of the pasiphaeid shrimp Eupasiphae gilesii 
(Wood-Mason, 1892) to the western Atlantic. This species was recorded previously 
at the eastern Atlantic (West of Cape Verde, Madeira, Bermuda) and at the South 
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Mid-Atlantic Ridge. We present also range extensions of eight caridean species to 
Brazilian states and oceanic islands (Table 21.1).

21.3.2  Systematic Section

Order Decapoda Sars, 1903.
Suborder Dendrobranchiata Spence-Bate, 1888.
Family Aristeidae Wood-Mason and Alcock, 1891.

 1. Aristaeomorpha foliacea (Risso, 1827) (Fig. 21.1a).

Penaeus foliacea Risso, 1827: 69, pl. 2, Fig. 6.
Aristeus rostridentatus Spence-Bate, 1888:189.
Aristaeomorpha giglioliana Wood-Mason, 1892: pl. 2, Fig. 2.
Aristaeomorpha mediterranea Adensamer, 1898: 627, unnumbered text 
figure.
Penaeus meridionalis Hope, 1851: 19.
Aristeus japonicus Yokoya, 1933: 3, Fig. 1.
Aristaeomorpha foliacea– Barnard 1950: 625; Crosnier and Forest 1973: 
287, Fig. 96 a; Crosnier 1978: 52–59, Figs. 23–24; Kensley et al. 1987: 279–
280; Pérez-Farfante 1988: 6, Fig. 6; Pérez-Farfante and Kensley 1997: 33–36, 
Figs. 5–6; Dall 2001: 412, Fig. 2; Serejo et al. 2007: 138; Tavares and Serejo 
2007: 5, Figs.  2–4; Lira et  al. 2017a, b: 32; Alves-Júnior et  al. 2019a: 2, 
Figs. 1, 2, 8a, 9a.

Type locality. Meridional Europe, Nice, “Alpes maritimes.” Diagnosis. Tavares 
and Serejo (2007). Distribution. Pelagic. Western Atlantic: Massachussets to 
Florida, Gulf of Mexico, Caribbean Sea to Venezuela, Brazil (Rio Grande do Norte, 
Bahia, Espírito Santo, Rio de Janeiro, Paraná, Santa Catarina, Rio Grande do Sul). 
Eastern Atlantic: Bay of Biscay to Western Sahara, Azores, Madeira, Canary Islands, 

Table 21.1 First records registered during this study for eight species of decapods

Species First records

Nematocarcinus gracilipes Filhol, 1884a Rio Grande do Norte, Saint Peter  
and Saint Paul Archipelago

Heterocarpus ensifer A. Milne-Edwards, 1881a Ceará, Rio Grande do Norte
Plesionika acanthonotus (Smith, 1882a) Ceará, Rio Grande do Norte
Plesionika edwardsii (Brandt, 1851a) Rio Grande do Norte
Plesionika ensis (A. Milne Edwards, 1881) Pará, Ceará, Rio Grande do Norte
Plesionika martia (A. Milne-Edwards, 1883) Ceará, Rio Grande do Norte
Eupasiphae gilesii (Wood-Mason, 1892) Western Atlantic
Eupasiphae ostrovski Rodrigues and Cardoso, 
2018

Rocas Atoll

aSpecies with first records for Brazilian states and oceanic islands
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Mediterranean, Namibia, SW Africa. Indian Ocean: off east coast of South Africa, 
Mozambique, Madagascar, Réunion, Maldives Islands, Sri Lanka. Pacific Ocean: 
Philippines, Indonesia, Taiwan, Japan, Eastern Australia, New Caledonia, New 
Zealand, Wallis and Futuna Islands, Fiji. Depth range. From 61 to 1300 m.

 2. Aristaeopsis edwardsiana (Johnson, 1867) (Fig. 21.1b).

Penaeus edwarsianus Johnson, 1867: 897.
Aristeus coralinus Spence-Bate, 1888: xxxii, Fig. X.
Plesiopenaeus edwardsianus– Alcock 1901a: 35–37; Barnard 1950: 624; 
Crosnier and Forest 1973: 291, Figs.  98, 99a-b; Crosnier 1978: 86–92, 
Table 11, Figs. 31a-c, 32a-c, 33a-c; Kensley et al. 1987: 281; Pérez-Farfante 
1988: 7, Fig. 8.
Aristaeopsis edwardsiana– Pérez-Farfante and Kensley 1997: 36–39, 
Figs. 7–8; Dall 2001: 413–414, Fig. 3; Serejo et al. 2007: 138; Tavares and 
Serejo 2007: 9, Figs. 5–7; Lira et al. 2017a, b: 32; Alves-Júnior et al. 2019a: 
4, Figs. 3, 4, 8b, 9b.

Type locality. Off Madeira, Northeast Atlantic Ocean. Diagnosis. Crosnier 
(1973, 1978), Tavares and Serejo (2007). Distribution. Pelagic. Western Atlantic: 
Gulf of Mexico, Caribbean Sea to French Guiana, Bermuda, Brazil (Pará, Amapá, 
Ceará and Rio Grande do Norte, Bahia, Espírito Santo, Santa Catarina), Uruguay. 
Eastern Atlantic: Bay of Biscay, Azores, Madeira, Canary Islands, Portugal, 
Morocco, Western Sahara to South Africa. Indian Ocean: Madagascar, Arabian Sea, 
Bay of Bengal, Andaman Sea. Pacific Ocean: Indonesia, Japan, South China Sea, 
Eastern Australia, Wallis and Futuna Islands. Depth range. From 200 to 1850 m.

Fig. 21.1 (a) Aristaeomorpha foliacea (Risso, 1827); (b) Aristaeopsis edwardsiana (Johnson 
1867); (c) Aristeus antillensis A. Milne-Edwards and Bouvier, 1909; (d) Benthesicymus bartletti 
Smith, 1882. All sampled by REVIZEE/Score Central, deposited at Museu Nacional/UFRJ 
(unknown catalogue number). Scale bars = 1 cm
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 3. Aristeus antennatus (Risso, 1816).

Peneus Antennatus Risso, 1816: 95, pl. u, Fig. 6.
Sicyonia duvernoii Risso, 1844: 95 (nomen nudum).
Penaeus antemarius Costes, 1890: 558 (nomen nudum).
Aristeus antennatus– Crosnier and Forest, 1973: 288; Crosnier 1978: 71; 
Pérez-Farfante and Kensley 1997: 39; Serejo et al. 2007: 138; Tavares and 
Serejo 2007: 13, Figs. 8–10.

Type locality. Off Nice, Mediterranean Sea. Diagnosis. Tavares and Serejo 
(2007). Distribution. Pelagic. Western Atlantic: Brazil (Bahia, Espírito Santo). 
Eastern Atlantic: from Portugal to Cape Verde Islands, Azores, Mediterranean, 
Natal, South Africa. Indian Ocean: Mozambique, Zanzibar, Madagascar, Réunion, 
Maldives Islands. Depth range. From 150 to 1799 m.

 4. Aristeus antillensis A. Milne-Edwards and Bouvier, 1909 (Fig. 21.1c).

Aristeus antillensis A.  Milne-Edwards and Bouvier, 1909: 201–203, pl. I, 
Fig.  8–13; Crosnier and Forest 1973: 290, 291; 1978: 61; Pérez-Farfante 
1988: 6, Fig. 7; Pérez-Farfante and Kensley 1997: 41; Serejo et al. 2007: 138; 
Tavares and Serejo 2007: 19, Figs. 11–13; Lira et al. 2017a, b: 32; Alves- 
Júnior et al. 2019a: 4, Figs. 4, 5, 6, 8c, 9c.

Type locality. Nevis Island, Antilles. Diagnosis. Pérez-Farfante (1988), Tavares 
and Serejo (2007). Distribution. Pelagic. Western Atlantic: Delaware to Florida, 
Gulf of Mexico, Caribbean Sea to French Guiana, Brazil (Amapá, Maranhão, Ceará, 
Rio Grande do Norte, Bahia, Espírito Santo). Depth range. From 200 to 2057 m.

 5. Hemipenaeus carpenteri Wood-Mason, 1891.

Hemipenaeus carpenteri Wood-Mason, 1891: 189; Crosnier 1978: 76–80, 
Fig. 27c–d, 28a–b, 29a; Pérez-Farfante and Kensley 1997: 46; Serejo et al. 
2007: 138; Tavares and Serejo 2007: 22, Figs. 14–16; Lira et al. 2017a, b: 33; 
Alves-Júnior et al. 2019a: 5, Figs. 7, 8d, 9d.
Hemipenaeus triton Faxon, 1893: 215.
Aristaeus (Hemipenaeus) carpenteri– Alcock, 1901a: 32–33.

Type locality. Bay of Bengal. Diagnosis. Crosnier (1978), Tavares and Serejo 
(2007). Distribution. Pelagic. Western Atlantic: Bahamas, Gulf of Mexico, 
Caribbean Sea, Brazil (Bahia, Rio Grande do Norte, Espírito Santo). Indian Ocean: 
Madagascar, Réunion, Arabian Sea, Bay of Bengal, Western Australia. Pacific 
Ocean: Japan, Wallis and Futuna Islands, Northeastern Australia, Gulf of Panama, 
Galapagos Islands. Depth range. From 900 m to 3900 m.

 6. Hepomadus tener Smith, 1884.

Hepomadus tener Smith, 1884: 409, pl. 9, Figs.  7–8; Burkenroad 1936: 
86–89; Pérez-Farfante 1973: 442, Figs.  1–8; Pérez-Farfante and Kensley 
1997: 46, Figs. 15–16; Serejo et al. 2007: 138; Tavares and Serejo 2007: 28, 
Figs. 17–19; Lira et al. 2017a, b: 33.
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Type locality. Northwestern Atlantic, off eastern USA. Diagnosis. Pérez- 
Farfante (1973), Tavares and Serejo (2007). Distribution. Western Atlantic: Gulf of 
Mexico, Caribbean Sea, Venezuela, Brazil (Bahia, Espírito Santo, Rio de Janeiro, 
Paraná, Santa Catarina). Eastern Atlantic Ocean: off Azores, Madeira, Canary 
Islands, Cape Verde. Indian Ocean: Zanzibar, Madagascar, Reunion Island, Maldives 
Islands, Bay of Bengal, Northwestern Australia. Pacific Ocean: Japan, Philippines, 
Tuamotu Islands, Wallis and Futuna Islands, Hawaii. Depth range. From 765 
to 5400 m.

 7. Cerataspis monstrosus Gray, 1828.

Cerataspis monstrosus Gray, 1828: 8, pl. 6, Figs. 5a, b; Lira et al. 2017a, b: 
338, Fig. 2.
Aristaeus armatus Spence-Bate, 1881: 188; 1888: 312–317, pl. 45–46, 
Figs. 1–2.
Aristaeus (Aristaeopsis) armatus– Alcock 1901a: 41.
Plesiopenaeus armatus– Crosnier and Forest 1973: 294–296, Fig.  99c-d; 
Crosnier 1978: 92–94, Figs. 31d–e, 32d-f, 33b; Pérez-Farfante and Kensley 
1997: 50–52, Figs. 19–20; Serejo et al. 2007: 138; Tavares and Serejo 2007: 
33, Figs. 20–22.
Cryptopus Defrancii Latreille, 1829: 100; H Milne Edwards 1837: 439.
Cerataspis monstruosus– H Milne Edwards 1837: 438.

Type locality. Gray (1828, p. 8) “Found in the stomach of a dolphin off the coast 
of Brazil.” Diagnosis. Crosnier (1978), Tavares and Serejo (2007). Distribution. 
Pelagic. Western Atlantic: Gulf of Mexico, Venezuela, Brazil (Rio Grande do Norte, 
Pernambuco, Fernando de Noronha Archipelago, Bahia, Espírito Santo). Eastern 
Atlantic: Azores, Madeira, Canary Islands, Cape Verde. Indian Ocean: Zanzibar, 
Madagascar, Maldives Islands, Bay of Bengal. Pacific Ocean: Japan, Philippines, 
Tuamotu Islands, Wallis and Futuna Islands, northeast of Australia. Hawaii. Depth 
range. From 752 to 5413 m.

 8. Plesiopenaeus coruscans (Wood-Mason in Wood-Mason and Alcock, 1891).

Aristeus coruscans Wood-Mason in Wood-Mason and Alcock, 1891: 280, 
Fig. 6.
Aristaeus (Plesiopenaeus) coruscans– Alcock 1901a: 37–38.
Plesiopenaeus coruscans– Burkenroad 1936: 95–100; Crosnier 1978: 86–96, 
Figs. 31f–g, 32c–f; Pérez-Farfante and Kensley 1997: 52; Serejo et al. 2007: 
138; Tavares and Serejo 2007: 38, Figs. 23–25.

Type locality. Bay of Bengal. Diagnosis. Crosnier (1978), Tavares and Serejo 
(2007). Distribution. Western Atlantic: Gulf of Mexico, Bahamas, Brazil (Bahia, 
Espírito Santo). Indian Ocean: Madagascar, Arabian Sea, Bay of Bengal, Andaman 
Islands. Pacific Ocean: Northeastern Australia. Depth range. From 900 to 2367 m.

Family Benthesicymidae Wood-Mason and Alcock, 1891.
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 9. Altelatipes carinatus (Smith, 1884).

Benthesicymus carinatus Smith, 1884: 396; pl 10, Figs. 6–7; Tavares 2009: 
204, Figs. 2–6.
Benthesicymus expansus Kensley, 1977: 22; Figs. 4–5.
Altelatipes carinatus– Crosnier and Vereshchaka 2008: 399.

Type locality. Albatross stn 2094, 39°44′30″N, 71°4′W, off Long Island, 
Northwestern Atlantic. Diagnosis. Kensley (1977), Tavares (2009). Distribution. 
Pelagic. Western Atlantic: Caribbean Sea, Brazil (Bahia, Espírito Santo, Rio de 
Janeiro). Indian Ocean: eastern South Africa, Réunion, Arabian Sea. Pacific Ocean: 
northwest area. Depth range. From 599 to 2076 m.

 10. Bentheogennema intermedia (Spence-Bate, 1888).

Gennadas intermedius Spence-Bate, 1888: 343; pl. 58, Fig. 3.
Gennadas alicei Bouvier, 1906a: 748.
Bentheogennema intermedia– Burkenroad 1936: 56; Barnard 1950: 634; 
Roberts and Pequegnat 1970: 39; Coelho and Ramos 1972: 138; Kensley 
1972: 10; Crosnier and Forest 1973: 278; Omori 1974: 236; Crosnier 1978: 
30; Burukovsky 1982: 63; Freitas 1984: 22; Ramos-Porto et al. 1989: 227; 
D’Incao 1998: 311.

Type locality. Africa, Sierra Leone, 1°47′N, 24°26′W; between Bermuda and 
Azores, 35°59′S, 1°34′E. Diagnosis. Spence-Bate (1888). Distribution. Pelagic. 
Western Atlantic: USA (Florida), Bermuda, Gulf of Mexico, Brazil (Pernambuco). 
Eastern Atlantic: Spanish, Portugal (Azores, Canary and Madeira Islands), Morocco, 
Cape Verde, Sierra Leone, Gabon, Zaire, western South Africa. Indian Ocean: 
Mozambique, Madagascar, Tanzania, Maldives Islands, Arabian Sea. Pacific Ocean: 
Japan, Hawaii, Mexico (Baja California). Depth range: From 900 to 4360 m.

 11. Benthesicymus bartletti Smith, 1882 (Fig. 21.1d).

Benthesicymus bartletti Smith, 1882: 82; pl. 14, Figs.  1–7; Burkenroad 
1936: 47; Crosnier and Forest 1973: 275, Figs. 92a, b; Serejo et al. 2007: 
138; Lira et al. 2017a, b: 33; Alves-Júnior et al. 2019a: 6, Figs. 10, 14a, 15a.
Benthesicymus pleocanthus Spence-Bate 1888: 334, Fig. 48, pl. 57, Fig. 2.

Type locality. Blake stn 343, 39°45′40″N, 70°55′W, off Massachusetts, 
Northwestern Atlantic. Diagnosis. Burkenroad (1936). Distribution. Pelagic. 
Western Atlantic: Canada, Virginia, Bahamas, Belize, Caribbean Sea, Honduras, 
Panama, Lesser Antilles, Barbados, Grenada, Tobago, Colombia, Venezuela, 
Guyana, Surinam, French Guiana, Brazil (Ceará, Rio Grande do Norte, Bahia, Rio 
de Janeiro, Santa Catarina). Eastern Atlantic: Azores, Alboran Sea, Cadiz Gulf, 
Morocco, Canaries, Cape Verde, Mauritania, Gabon, Congo. Indian Ocean: Bay of 
Bengal. Pacific Ocean: Philippines, North Pacific (37o49′S, 166o47′W). Depth 
range. From 180 to 5777 m.
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 12. Gennadas bouvieri Kemp, 1909.

Gennadas bouvieri Kemp, 1909: 726, pl. 74, Figs. 1–4, pl. 75, Figs. 6–7; 
D’Incao 1998: 311; Lira et al. 2017a, b: 33; Alves-Júnior et al. 2019a: 8, 
Figs. 11, 14b, 15b.
Gennadas alcocki Kemp, 1910: 174 (in part, males only).

Type locality. Philippines; West of Manila, 17°54′N, 117°14′E; North of New 
Guinea, 0°42′S, 147°E. Diagnosis. Kemp (1909). Distribution. Pelagic. Western 
Atlantic: Bermuda, Gulf of Mexico, Bahamas, Caribbean Sea, Venezuela, Brazil 
(Ceará Chain, Rio Grande do Norte, Fernando de Noronha Archipelago, 
Pernambuco). Eastern Atlantic: west coast of South Africa. Indian Ocean: Tanzania 
(Zanzibar), Madagascar, Maldives, Gulf of Arabia, Bay of Bengal. Pacific Ocean: 
Indonesia, Philippines, Eastern Australia, Japan. Depth range. From 250 to 4970 m.

 13. Gennadas capensis Calman, 1925.

Gennadas capensis Calman, 1925: 5, pl. I, Figs. 1, 2; Burkenroad 1936: 67, 
Figs. 51, 53; Barnard 1950: 630; Kensley 1971: 277, Fig. 3a–e; Dall 2001: 
430, Fig. 15; Hendrickx 2015: 423; Lira et al. 2017a, b: 33; Alves-Júnior 
et al. 2018a: 377, Fig. 1a–c.

Type locality. Off Cape, South Africa. Diagnosis. Kensley (1971), Dall (2001), 
Alves-Júnior et  al. (2018a). Distribution. Pelagic. Western Atlantic: Gulf of 
Mexico, Caribbean Sea, Bahamas, Venezuela, Brazil (Seamounts Ceará Chain, Atol 
das Rocas, and Fernando de Noronha Archipelago). Eastern Atlantic: western South 
Africa. Indian Ocean: Western Australia. Pacific Ocean: New Caledonia, Wallis and 
Futuna Islands. Depth range. From 505 to 2000 m.

 14. Gennadas scutatus Bouvier, 1906a.

Gennadas scutatus Bouvier, 1906a: 748; 1908: 42–44, plate VIII; A. Milne- 
Edwards and Bouvier 1909: 193, 194, Figs. 10–12; Burkenroad 1938: 59, 
60; Kensley 1971: 288, 289, Fig. 10; 1972, Figs. 4d, 6 g; Crosnier and Forest 
1973: 281–283, Fig. 94a, 95a, b; Kensley et al. 1987: 279; Dall 2001: 434, 
435, Fig. 20; Guzmán 2008: 29; Hendrickx 2015: 423; Alves-Júnior et al. 
2018a: 381, Fig. 4a–c.

Type locality. “l´Hirondelle,” stn 156, between Azores and Newfoundland. 
Diagnosis. Kensley (1971), Dall (2001), Alves-Júnior et al. (2018a). Distribution. 
Pelagic. Western Atlantic: Caribbean Sea, Brazil (Seamounts Ceará Chain and 
Fernando de Noronha Archipelago). Mid-Atlantic Ridge. Eastern Atlantic: off Cape 
Peninsula, western South Africa. Indian Ocean: Agulhas Basin. Pacific Ocean: 
Eastern Australia, Mexico, Peru, Chile. Depth range. From 92 to 3400 m.

 15. Gennadas talismani Bouvier, 1906a.

Gennadas talismani Bouvier, 1906a: 749; Lenz and Strunk 1914: 311–313, 
plate XVIII, Fig. 1–14; Crosnier and Forest 1969: 549; Kensley 1971: 289, 
290, Fig. 11; 1972, Figs. 4j, 6d; Alves-Júnior et al. 2018a: 382, Fig. 5a, b.
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Type locality. 16°38′N, 18°24′W, Cape Verde. Diagnosis. Alves-Junior et  al. 
(2018a). Distribution. Pelagic. Western Atlantic: Gulf of Mexico, Brazil (Seamounts of 
Ceará Chain and Fernando de Noronha Archipelago). Eastern Atlantic: Walvis Ridge, 
Cape Verde, Gabon, Angola, western South Africa. Depth range. From 100 to 4000 m.

Family Penaeidae Rafinesque, 1815.

 16. Funchalia danae Burkenroad, 1940.

Funchalia danae Burkenroad, 1940, 36; Alves-Júnior et  al. 2019a: 9, 
Figs. 12, 14c, 15c.

Type locality. Canary Islands, 29°13′N 14°12′W. Diagnosis. Burkenroad 
(1940). Distribution. Western Atlantic: Brazil (Ceará, Fernando de Noronha 
Archipelago, Rio Grande do Norte). Eastern Atlantic: Azores, Madeira, Canary, 
Morocco, Cape Verde, Guinea, Congo. Indian Ocean: Arabian Sea, South India. 
Depth range. From 60 to 560 m.

 17. Funchalia villosa (Bouvier, 1905a).

Hemipenaeopsis villosus Bouvier, 1905a: 981 (in part).
Funchalia woodwardi.– Bouvier, 1907: 952 (in part); 1908: 93 (in part), pl. 
1, Fig. 7, pl. 15, Fig. 3, 19, pl. 16, Fig. 9–21.
Funchalia vanhöffeni Lenz and Strunck, 1914: 306, pl. 17, Fig. 20–21.
Funchalia villosa– Burkenroad, 1936: 129; Crosnier 1985: 869, Figs. 13a–e, 
14b, c; Kensley et al. 1987: 281; Wasmer 1989: 483, Fig. 2c; Serejo et al. 2007: 
138; Lira et al. 2017a, b: 33; Alves-Júnior et al. 2019a: 10, Figs. 13, 14d, 15d.

Type locality. Between Canary and Azores. Diagnosis. Crosnier (1985). 
Distribution. Pelagic. Western Atlantic: Gulf of Mexico, Mexico, Caribbean Sea, 
Venezuela, Brazil (Ceará, Rio Grande do Norte, Fernando de Noronha Archipelago, 
Bahia, Espírito Santo, Rio de Janeiro, Paraná, Santa Catarina, Rio Grande do Sul), 
Uruguay. Eastern Atlantic: Azores, Madeira, Canary, Turkay, Cape Verde. 
Mediterranean Sea, Tristan da Cunha, Valdivia Bank. Pacific Ocean: Eastern 
Australia. Depth range. From 36 to 2600 m.

 18. Parapenaeus americanus Rathbun, 1901.

Parapenaeus americanus Rathbun, 1901: 102, pl. 2; D’Incao 1998: 312; 
Serejo et al. 2007: 138; Alves-Júnior et al. 2019a: 13, Figs. 17, 20b, 21b.

Type locality. Western Atlantic, Puerto Rico Mayaguez Harbor. Diagnosis. 
Rathbun (1901). Distribution. Pelagic. Western Atlantic: USA (Florida), Gulf of 
Mexico, Bahamas, Cuba, Puerto Rico, Saint Lucia Island, Martinique, Brazil (Rio 
Grande do Norte, Rio de Janeiro, São Paulo, Paraná, Santa Catarina, Rio Grande do 
Sul), Uruguay. Depth range. From 54 to 613 m.
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 19. Penaeopsis serrata Spence-Bate, 1881 (Fig. 21.2a).

Penaeopsis serratus Spence-Bate, 1881: 183.
Parapenaeus megalops Smith, 1885b: 172; Faxon 1896:163; Alcock 1905: 
520.
Artemesia talismani Bouvier, 1905a: 982.
Penaeopsis serratus var. antillensis A. Milne-Edwards and Bouvier, 1909: 
226; pl. 3, Fig. 10, pl. 4, Fig. 5.
Penaeopsis serrata– Pérez-Farfante 1977a: 297; 1977b: 180; Pérez-Farfante 
1980: 748, Figs. 28–38; Serejo et  al. 2007: 138; Lira et  al. 2017a, b: 34; 
Alves-Júnior et al. 2019a: 10, Figs. 16, 20a, 21a.

Type locality. Gulf of Mexico, off Barbados, 12°58′33″N, 
59°36′45″W. Diagnosis. Spence-Bate (1881). Distribution. Pelagic. Western 
Atlantic: USA, New Jersey to Florida, Gulf of Mexico, Bahamas, Cuba, Caribbean 
Sea, Jamaica, Dominican Republic, Puerto Rico, Lesser Antilles, Dominica, Saint 
Lucia, Saint Vincent, Barbados, Grenada, Tobago, Trinidad, Belize, Nicaragua, 
Panama, Colombia, Venezuela, Guiana, Suriname, French Guiana, Brazil (Ceará, 
Rio Grande do Norte, Paraná, Santa Catarina, Rio Grande do Sul), Uruguay. 
Eastern Atlantic: Portugal, Mediterranean Sea, Morocco, Sahara, Mauritania. 
Depth range. From 183 to 750 m.

Family Sergestidae Dana, 1852.

Fig. 21.2 (a) Penaeopsis serrata Spence-Bate, 1881; (b) Solenocera acuminata Pérez-Farfante 
and Bullis, 1973; (c) Acanthephyra eximia Smith, 1884. All sampled by REVIZEE/Score Central, 
deposited at Museu Nacional/UFRJ (unknown catalogue number). Scale bars = 1 cm
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 20. Deosergestes corniculum (Køyer, 1855).

Sergestes corniculum Krøyer, 1855: 22, Fig. 10; Cardoso and Serejo 2003; 
Serejo et al. 2007: 139; Vereshchaka 2009: 38, Figs. 16, 16, pl. 1a.
Sergestes laciniatus Krøyer, 1859: 274, 282, pl. 5, Fig. 15.
Sergestes longirostris Spence-Bate, 1888: 415, pl. 75, Fig. 3.
Sergestes (Sergestes) curvatus Crosnier and Forest, 1973: 315, Figs. 105i–k, 
107c-d, f–g.
Sergestes (Sergestes) corniculum– Yaldwyn 1957: 7; Kensley 1968: 307, 
Figs. 9a, 10b, 11b; 1971: 236, Fig. 10.
Deosergestes corniculum– Judkins and Kensley 2008: 75; Vereshchaka et al. 
2014: 4.

Type locality. 4.5°N, 21.5°W, off Liberia. Diagnosis. Kensley (1971), Cardoso 
and Serejo (2003), Vereshchaka (2009). Distribution. Pelagic. Western Atlantic: 
Brazil (Espírito Santo). Eastern Atlantic: Azores, Canary, Sargassum Sea. 
Mediterranean. Depth range. From 50 to 2000 m.

 21. Deosergestes paraseminudus (Crosnier and Forest, 1973).

Sergestes (Sergestes) paraseminudus Crosnier and Forest, 1973: 313, 
Figs. 105e–h, 107a–b, e.
Sergestes paraseminudus– Cardoso and Tavares, 2006: 10, Fig. 1a–e; Serejo 
et al. 2007: 139; Vereshchaka 2009: 46, Figs. 18, 20.
Deosergestes paraseminudus– Judkins and Kensley 2008: 75; Vereshchaka 
et al. 2014: 4.

Type locality. 1°55′S 8°30′E, off Gabon. Diagnosis. Cardoso and Tavares 
(2006), Vereshchaka (2009). Distribution. Pelagic. Eastern Atlantic: Gabon, 
Congo, Angola. Western Atlantic: Brazil (Rio Grande do Norte, Bahia). Depth 
range. From 50 to 1170 m.

 22. Parasergestes armatus Krøyer, 1855.

Sergestes armatus Krøyer, 1855: 10; Barnard 1950: 643, Fig.  120  m–p; 
Cardoso and Serejo 2003: 4, Fig. 1; Serejo et al. 2007: 139; Vereshchaka 
2009: 93, Figs. 45, 46, pl. 92b.
Sergestes incertus Hansen, 1896: 962.
Sergestes diapontus– Illig 1927: 333, Figs. 111–118.
Sergestes extensus Hanamura, 1983: 64, Figs. 7–8.
Sergestes (Sergestes) armatus– Yaldwyn 1957: 8; Kensley 1968: 304; 1971: 
232, Fig. 8.
Parasergestes armatus– Judkins and Kensley 2008: 77; Vereshchaka et al. 
2014: 4.

Type locality. 7°37′N, 22.5°W, off Guinee. Diagnosis. Cardoso and Serejo 
(2003), Vereshchaka (2009). Distribution. Pelagic. Western Atlantic: Bermuda, 
Brazil (Rio de Janeiro). Eastern Atlantic: Azores, Canary. Mediterranean. Indian 
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Ocean: southwestern region. Pacific Ocean: northwestern region. Depth range. 
From 30 to 830 m.

 23. Phorcosergia burukovskii (Vereshchaka, 2000).

Sergia burukovskii Vereshchaka, 2000: 121, Figs.  31–33; Cardoso and 
Tavares 2006: 13, Fig. 3a–e; Serejo et al. 2007: 139.
Sergestes (Sergia) grandis– Kensley 1971(part): 249, Fig. 17; Crosnier and 
Forest 1973 (part): 331, Figs. 113–116.
Phorcosergia burukovskii– Vereshchaka et al. 2014: 5; Alves-Júnior et al. 
2019a: 14, Figs. 18, 20c, 21c.

Type locality. 23°26′S, 03°56′E, South Atlantic. Diagnosis. Vereshchaka (2000), 
Cardoso and Tavares (2006). Distribution. Pelagic. Western Atlantic: off Canada 
(Terra Nova, Grand Banks), Bermuda, Sargasso Sea, Surinam, French Guiana, 
Brazil (Ceará Chain, Rio Grande do Norte, Rocas Atoll, Pernambuco, Fernando de 
Noronha Archipelago, Espírito Santo). Eastern Atlantic: Azores, Canary, Cape 
Verde, off Namibia, western South Africa. Depth range. From 300 to 2478 m.

 24. Prehensilosergia prehensilis (Spence-Bate, 1881).

Sergestes prehensilis Spence-Bate, 1881: 193; 1888: 385, pl. 71; Gordon 
1935: 314, Figs. la, 3b, 6c, d,8a, b, c, 9a, b, c, d.
Sergestes gloriosus Stebbing 1905: 84, pls. 22, 23; 1910: 381; Barnard 1950: 
642, Fig. 120 h, i, j.
Sergestes fujiyamaensis Nakazawa, 1932: 32.
Sergestes (Sergia) prehensilis.– Yaldwyn 1957: 9; Kensley 1968: 308.
Sergia prehensilis– Vereshchaka 2000: 160, Figs. 59–61; Cardoso and Serejo 
2003: 9, Fig. 4; Serejo et al. 2007: 139.
Prehensilosergia prehensilis– Vereshchaka et al. 2014: 4.

Type locality. 34°58′N, 139°29′E, off Japan. Diagnosis. Vereshchaka (2000), 
Cardoso and Serejo (2003). Distribution. Pelagic. Western Atlantic: Brazil (Bahia, 
Espírito Santo, Rio de Janeiro). Eastern Atlantic: southwestern Africa. Indian 
Ocean: southwestern region. Pacific Ocean: northwestern region. Antarctic. Depth 
range. From 30 to 1700 m.

 25. Robustosergia regalis (Gordon, 1939).

Sergestes regalis Gordon, 1939: 498, Figs. 1–4.
Sergestes (Sergia) regalis– Yaldwyn 1957: 9; Kensley 1968: 308, Figs. 9b, 
10a, 11a.
Sergestes (Sergia) creber Burkenroad, 1940: 44; Yaldwyn 1957: 9; Kensley 
1971: 247, Fig. 16.
Sergia regalis– Vereshchaka 2000: 149, Figs.  52a–d, 53a–c, 54, pl. 2a; 
Serejo et al. 2007: 139.
Robustosergia regalis– Vereshchaka et al. 2014: 5; Alves-Júnior et al. 2019a: 
14, Figs. 19, 20d, 21d.
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Type locality. 32°45′S, 8°47′W, South Atlantic. Diagnosis. Vereshchaka (2000), 
Cardoso and Serejo (2003). Distribution: Pelagic. Western Atlantic: USA (Florida), 
Gulf of Mexico, Cuba, Mexico, Caribbean Sea, Lesser Antilles, Guiana, Suriname, 
French Guiana, Brazil (Ceará Chain, Rio Grande do Norte, Rocas Atoll, Paraíba, 
Fernando de Noronha Archipelago, Rio de Janeiro, Paraná, Santa Catarina, Rio 
Grande do Sul). Eastern Atlantic: western South Africa. Indian Ocean: Mozambique, 
Madagascar, Tanzania, Somalia, Arabian Sea, South India, Bay of Bengal, 
Singapore, Thailand. Pacific Ocean: Indonesia, Philippines, Eastern China, Papua 
New Guinea, Eastern Australia, New Zealand, Galapagos. Depth range. From 100 
to 2500 m.

 26. Sergia tenuiremis (Krøyer, 1855).

Sergestes tenuiremis Krøyer, 1855: 30, 34; 1856: 39, 62, 67–70, pl. 4, 
Fig. 11a–b. Spence-Bate 1888: 420; Illig 1914: 349; 1927: 283, Figs. 6–10; 
Gurney and Lebour 1940: 21.
Sergestes kröyeri Spence-Bate, 1881: 193; 1888: 388, pl. 70, Figs. 3–4. 
Hansen 1903: 58; 1920: 479; Illig 1914: 354 (part); 1927: 289 (part); 
Burkenroad 1940: 50; Dennell 1955: 403; Richardson and Yaldwyn 
1958: 26.
Sergestes junceus Spence-Bate, 1888: 416, pl. 76, Fig. 1.
Sergestes longicollis Spence-Bate, 1888: 421, Fig. 1.
Sergestes tropicus Sund, 1920a: 18, Figs. 27–28, 30–32.
Sergestes (Sergia) tenuiremis– Yaldwyn 1957: 9; Donaldson 1975: 45.
Sergestes (Sergia) kröyeri– Yaldwyn 1957: 9; Crosnier and Forest 1973: 
308; Lagardère 1978: 7.
Sergia kröyeri– Krygier and Wasmer 1988: 72.
Sergia tenuiremis– Krygier and Pearcy 1981: 101, Fig. 1; Vereshchaka 1994: 
76, Figs.  1–3, 26; 2000: 84, Figs.  3–5; Cardoso and Tavares 2006: 13, 
Fig. 4a–e; Serejo et al. 2007: 139; Vereshchaka et al. 2014: 5.

Type locality. 2°N, 21°W, Atlantic Ocean. Diagnosis. Vereshchaka (2000), 
Cardoso and Tavares (2006). Distribution. Pelagic. Western Atlantic: Brazil 
(Espírito Santo). Eastern Atlantic: Canary Islands, Azores, Madeira, Gulf of Guinea. 
Pacific Ocean: Kermadec, New Zealand. Western Pacific (Hawaii, Oregon). Depth 
range. From 330 to 2000 m.

Family Solenoceridae Wood-Mason, 1981.

 27. Hadropenaeus modestus (Smith, 1885).

Hymenopenaeus modestus Smith, 1885: 183; Burkenroad 1936: 104; 
Crosnier and Forest 1973: 259.
Haliporus modestus– Bouvier 1905a: 980; A. Milne-Edwards and Bouvier 
1909: 209.
Hadropenaeus modestus– Pérez-Farfante 1977a: 323, Fig. 50; Abele and Kim 
1986: 8; Ramos-Porto et al. 1987: 224; D’Incao 1998: 316; Coelho et al. 1990: 
23; Coelho et al. 2006: 46; Alves-Júnior et al. 2017a: 474, Figs. 1 a–b, 2.
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Type locality. Delaware, off Bethany Beach, 38°31′N, 73°21′W. Diagnosis. 
Pérez-Farfante (1977a), Alves-Júnior et al. (2017a). Distribution. Pelagic. Western 
Atlantic: USA (from Delaware to Florida), Bahamas, Gulf of Mexico, Lesser 
Antilles, Caribbean Sea, Panama, Trinidad and Tobago, Venezuela, Brazil (Ceará, 
Rio Grande do Norte, Alagoas). Depth range. From 146 to 550 m.

 28. Hymenopenaeus chacei Crosnier and Forest, 1969.

Hymenopenaeus chacei Crosnier and Forest, 1969: 545, Figs. 1–2; Crosnier 
and Forest 1973: 261, Fig. 82; Cardoso et al. 2014a: 51; Alves-Júnior et al. 
2017a: 476, Figs. 3 a–b, 4.

Type locality. Gabon, 8°35′S, 12°51′E. Diagnosis. Crosnier and Forest (1969), 
Alves-Júnior et al. (2017a). Distribution. Pelagic. Western Atlantic: Brazil (Ceará, 
Rio Grande do Norte). Eastern Atlantic: Mid-Atlantic Ridge, Portugal (Madeira 
Island), West Sahara, Morocco, Mauritanian, Senegal, Gabon, Guinea Bissau, 
Guinea, Namibia. Depth range. From 410 to 2068 m.

 29. Hymenopenaeus debilis Smith, 1882.

Hymenopenaeus debilis Smith, 1882: 91; 1886a, b: 687; Burkenroad 1936: 
111; Holthuis 1962: 108; Crosnier and Forest 1969: 545; Pérez-Farfante 
1977a: 268; Serejo et al. 2007: 139.
Haliporus debilis– Faxon 1896: 163; Boone 1927: 78.

Type locality. Savannah Beach, Georgia, 31°57′00″N, 78°18′35″W; Southeast 
of Cape Fear, North Carolina, 33°19′00″N, 76°12′30″W, East of Cape Fear, North 
Carolina, 33°42′15″N, 76°00′50″W. Diagnosis. Crosnier and Forest (1969). 
Distribution. Pelagic. Western Atlantic: Hudson Canyon, New Jersey, Gulf of 
Mexico, Caribbean Sea, Guyana, Brazil (Rio de Janeiro, Espírito Santo, Rio Grande 
do Sul), Rio Grande Rise. Eastern Atlantic: Azores, northwest Africa, Morocco, 
Cape Verde, Canary Islands, Southwestern England. Mediterranean Sea. Depth 
range. From 300 to 2163 m.

 30. Hymenopenaeus laevis (Spence-Bate, 1881).

Haliporus laevis Spence-Bate, 1881: 185; Spence-Bate 1888: 289, pl. 42, 
Fig. 2; Bouvier 1906b: 3.
Hymenopenaeus microps Smith, 1884: 413, pl. 10; Smith 1886a: 189; 1887: 
688, pl. 16, Fig. 8; Wood-Mason and Alcock 1891: 188.
Haliporus androgynus Bouvier, 1906c: 253.
Hymenopenaeus laevis– Burkenroad 1936: 106; 1938: 61; Crosnier and Forest 
1973: 253, Figs. 82a, 83b; Alves-Júnior et al. 2017a: 478, Figs. 5 a–b, 6.

Type locality. Mid-Atlantic. Diagnosis. Pérez-Farfante (1977a), Alves-Júnior 
et  al. (2017a). Distribution. Pelagic. Western Atlantic: USA (Massachusetts, 
Georges Bank), Bahamas, Bermuda, and Brazil (Rio Grande do Norte). Eastern 
Atlantic: Mid-Atlantic Ridge, Mauritania, Senegal, Equatorial Guinea, Sierra 
Leone, Cameroon, Liberia. Indian Ocean: Arabian Sea (Laccadive Sea), Bay of 
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Bengal, Andaman Islands. Pacific Ocean: Philippines. Depth range. From 1110 
to 4792 m.

 31. Mesopenaeus tropicalis (Bouvier, 1906a).

Parartemesia tropicalis Bouvier, 1906a: 748.
Haliporus tropicalis– Bouvier 1905b: 4; 1907: 80; A. Milne-Edwards and 
Bouvier 1909: 217, Figs. 45–54, pl. 3, Figs. 1–19.
Hymenopenaeus tropicalis– Burkenroad 1936:103; Springer and Bullis 
1956: 8.
Solenocera weymouthi Lindner and Anderson, 1941:181, Fig. 1a–e.
Mesopenaeus tropicalis– Pérez-Farfante 1977a: 333, Fig. 56; Pérez-Farfante 
and Kensley 1997; Ramos-Porto et al. 2000: 76; Alves-Júnior et al. 2017a: 
481, Figs. 7 a–b, 8.

Type locality. Antilles. Diagnosis. Pérez-Farfante (1977a), Alves-Júnior et al. 
(2017a). Distribution. Pelagic. Western Atlantic: USA (North and South Carolina, 
Georgia, Florida), Gulf of Mexico, Bahamas, Caribbean Sea, Antilhas, Barbados, 
Dominican Republic, Nicaragua, Panama, Venezuela, Brazil (Amapá, Pará, 
Maranhão, Ceará, Rio Grande do Norte, Espírito Santo, Rio de Janeiro, São Paulo, 
Rio Grande do Sul). Depth range. From 30 to 915 m.

 32. Solenocera acuminata Pérez-Farfante and Bullis, 1973 (Fig. 21.2b).

Solenocera acuminata Pérez-Farfante and Bullis, 1973: 8, Figs. 1c, 2, 4–6, 
18, 19; Serejo et al. 2007: 139.

Type locality. North of Riviere Organabo, French Guiana, 07° 15’ N, 53°35’ 
W. Diagnosis. Pérez-Farfante and Bullis (1973). Distribution. Pelagic. Western 
Atlantic: Bahamas, Caribbean Sea, from British Honduras to northeastern Venezuela. 
Off South America, from the Gulf of Paria to French Guiana, Brazil (Bahia). Depth 
range. From 32 to 622 m.

Suborder Pleocyemata Burkenroad, 1963.
Infraorder Stenopodidea Spence-Bate, 1888.

Family Stenopodidae Claus, 1872.

 33. Odontozona lopheliae Goy and Cardoso, 2014.

Odontozona lopheliae Goy and Cardoso, 2014: 558, Figs. 4–8.
Odontozona edwardsi– Becker et al. 2009: 792; Lessard-Pilon et al. 2010: 
1885; Goy 2010: 251.

Type locality. Campos Basin, Rio de Janeiro, Brazil, 22°24′12”S, 
46°06′18”W. Diagnosis. Goy and Cardoso (2014). Distribution. Benthic. Western 
Atlantic: off Sapelo Island, Georgia, USA; Green Canyon, Gulf of Mexico; Brazil 
(Rio de Janeiro). Depth range. From 459 to 665 m.

Infraorder Caridea Dana, 1852.

Family Acanthephyridae Spence-Bate, 1888.
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 34. Acanthephyra acanthitelsonis Spence-Bate, 1888.

Acanthephyra acanthitelsonis Spence-Bate, 1888: 745, pl. 125, Fig. 3; Chace 
1936: 27; 1947: 16; 1986: 9; Barnard 1950: 668; Holthuis 1951: 27;  Crosnier 
and Forest 1968: 1129; 1973: 31; Cardoso 2013: 210; Cardoso et al. 2014a: 
52; Alves-Júnior et al. 2016a: 194; Alves-Júnior et al. 2019b: 435.

Type locality. Sierra Leone. Diagnosis. Spence-Bate (1888), Alves-Júnior et al. 
(2016a). Distribution. Bathypelagic. Western Atlantic: USA (off Florida, New 
Jersey, South Carolina, Virginia), Bermuda, Gulf of Mexico, Bahamas, Caribbean 
Sea, off French Guiana, Brazil (Rocas Atoll). South Equatorial Mid-Atlantic Ridge. 
Eastern Atlantic: Iceland, Faroe island, Guinea, Sierra Leone, Gabon, Congo, 
Angola, Namibia. Depth range. From 230 to 4000 m.

 35. Acanthephyra acutifrons Spence-Bate, 1888.

Acanthephyra acutifrons Spence-Bate, 1888: 749 (part), pl. 126: Fig.  3; 
Chace 1940: 146, Fig. 23; 1986: 10, Figs. 2b, 4b, 5b; Cardoso and Young 
2005: 8, Figs. 3–7; Pequegnat and Wicksten 2006: 95; Serejo et al. 2007: 
139; Judkins 2014: 304; Alves-Júnior et al. 2019b: 403, Figs. 1 a–b, 2, 39a.

Type locality. Off Kepulauan Aru, Indonesia, 5°41′S, 134°04′30″E. Diagnosis. 
Chace (1986), Cardoso and Young (2005), Alves-Júnior et al. (2019b). Distribution. 
Bathypelagic. Western Atlantic: Gulf of Mexico, Cuba, Bahamas, Tortuga, Guiana, 
Suriname, French Guiana, Brazil (Rio Grande do Norte, Rocas Atoll, Pernambuco, 
Fernando de Noronha Archipelago, Alagoas, Bahia, Espírito Santo). Indian Ocean: 
western region, Madagascar, Sumatra. Pacific Ocean: Philippines, Eastern Australia, 
Japan. Depth range. From 50 to 4200 m.

 36. Acanthephyra armata A. Milne-Edwards, 1881.

Acanthephyra armata A. Milne-Edwards, 1881: 12; Spence-Bate 1888: 744; 
Wood-Mason and Alcock 1892: 359; Kensley 1977: 18; Chace 1986: 10; 
Crosnier 1987: 697; Pequegnat and Wicksten 2006: 95; Alves-Júnior et al. 
2016a: 196, Figs. 3 a–c, 4. Alves-Júnior et al. 2019b: 435.

Type locality. Lesser Antilles, off Saint Lucia. Diagnosis. Spence-Bate (1888), 
Alves-Júnior et  al. (2016a). Distribution. Bathypelagic. Western Atlantic: USA 
(Louisiana, Florida, Albany), Gulf of Mexico, West Indies (Natal), Guadeloupe, 
Lesser Antilles, Brazil (Rio Grande do Norte). Indian Ocean: eastern South Africa, 
Madagascar, Arabian Sea, Bay of Bengal, Andamam Sea, Thailand, Vietnam. 
Pacific Ocean: Philippines, Indonesia, Japan, New Caledonia, Fiji Island, Polynesia. 
Depth range. From 37 to 2880 m.

 37. Acanthephyra curtirostris Wood-Mason and Alcock, 1891.

Acanthephyra acutifrons Spence-Bate, 1888: 749 (part); Kemp 1906: 22.
Acanthephyra curtirostris Wood Mason and Alcock, 1891: 195; 1892: 364, 
pl. 3, Fig. 5; Faxon 1895: 164, pl. 43, Figs. 2–5; Kemp 1906: 22; Chace 
1936: 26; 1940: 143, Fig. 21; Calman 1939: 194; Crosnier and Forest 1968: 
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1129; 1973: 39, Fig.  8a.; Kensley 1981: 21; Kensley et  al. 1987: 283; 
Pequegnat and Wicksten 2006: 96; Alves-Júnior et al. 2019b: 404, Figs. 3 
a–b, 4, 39b.

Type locality. Arabian Sea. Diagnosis. Chace (1940), Alves-Júnior et  al. 
(2019b). Distribution. Bathypelagic. Western Atlantic: USA (Oregon), Bermuda, 
Bahamas, Gulf of Mexico, Caribbean Sea, Antilhas, Panama Basin, British Guiana, 
and Brazil (Pará, Rocas Atoll, Fernando de Noronha, Pernambuco). Eastern Atlantic: 
Madeira. Indian Ocean: east coast of Africa, Aldabra Atoll, Arabian Sea, Maldives 
Islands, Gulf of Bengal, Andaman Sea. Pacific Ocean: USA (Northward California, 
coast of Baja California), Peru. Depth range. From 65 to 5900 m.

 38. Acanthephyra eximia Smith, 1884 (Fig. 21.2c).

Acanthephyra eximia Smith, 1884: 376; Crosnier and Forest 1973: 34, 
Fig. 7c–d; Chace 1986: 18, Figs. 2j, 4j, 5j, 6 h, 9A; Ramos-Porto et al. 1998: 
326; Tavares 1999: 675; Ramos-Porto et al. 2000: 76; Cardoso and Young 
2005: 14, Figs. 8–13; Cardoso and Serejo 2007: 44; Serejo et al. 2007: 139; 
Pequegnat and Wicksten 2006: 96; Poupin 2018: 102; Alves-Júnior et  al. 
2016a, b, c: 406, Figs. 5 a–b, 6, 39c.
Acanthephyra angusta Spence-Bate, 1888: 737, pl.12, Fig. 6.
Acanthephyra edwardsii Spence-Bate, 1888: 747, pl. 124, Fig. 1; Moreira 
1901: 10.
Acanthephyra brachytelsonis Spence-Bate, 1888: 753, pl. 126, Fig. 7.
Acanthephyra pulchra A. Milne-Edwards, 1890: 163.
Acanthephyra frontieri Crosnier, 1987: 699, Fig. 1.

Type locality. 35°09′50″N, 74°57′40″W, off North Carolina. Diagnosis. Chace 
(1986), Cardoso and Young (2005), Alves-Júnior et  al. (2019b). Distribution. 
Bathypelagic. Western Atlantic: from Cape Hatteras to Bahamas, Gulf of Mexico, 
Lesser Antilles (Guadeloupe), Brazil (Amapá, Pará, Ceará, Rio Grande do Norte, 
Sergipe, Alagoas, Bahia, Espírito Santo, Rio de Janeiro). Eastern Atlantic: Bay of 
Biscay, Gulf of Cadiz, near Gibraltar, Azores, Madeira, Canary, Morocco, Angola. 
Mediterranean Sea. Indian Ocean: southeastern Africa. Pacific Ocean: Indonesia, 
Philippines, Japan, Hawaii, New Zealand. Depth range. From 200 to 4700 m.

 39. Acanthephyra kingsleyi Spence-Bate, 1888.

Acanthephyra kingsleyi Spence-Bate, 1888: 751, pl. 126, Fig. 4; Holthuis 
1951: 28; Crosnier and Forest 1973: 37, Fig. 7 e–f; Alves-Júnior et al. 2019b: 
408, Figs. 7 a–b, 8, 39d.
Acanthephyra purpurea– Ortmann 1893: 43 (part); Lenz and Strunck 1914: 
326; Balss 1925: 252; Chace 1936: 27.
Acanthephyra Kingsleyi– Kemp 1906: 22; De Man 1920: 45; Balss 1925: 
251.
Acanthephyra sexspinosa Kemp, 1939: 570; Barnard 1950: 669; Holthuis 
1951: 26; Crosnier and Forest 1968: 1129.
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Type locality. Southwest of Sierra Leone. Diagnosis. Spence-Bate (1888), 
Alves-Júnior et al. (2019b). Distribution. Bathypelagic. Western Atlantic: Brazil 
(Ceará, Rocas Atoll, Fernando de Noronha Archipelago). Eastern Atlantic: Senegal, 
Sierra Leone, Gabon, Congo, Angola. Mid-Atlantic Ridge. Depth range. From 65 
to 4575 m.

 40. Acanthephyra quadrispinosa Kemp, 1939.

Acanthephyra quadrispinosa Kemp, 1939: 576; Barnard 1950: 668, 
Fig. 124 g; Chace 1986: 26, Figs. 3 h, 4 t, 7 g, 10c, 14; Kensley 1987: 284; 
Cardoso and Young 2005: 21, Figs. 14–18; Serejo et al. 2007: 139; Judkins 
2014: 304. Alves-Júnior et al. 2019b: 410, Figs. 9 a–b, 10, 39e.
Acanthephyra batei– Stebbing 1905: 107, pl. 24b.

Type locality. Indo-Pacific from the East African coast to 163°W and from 25°N 
to 42°S; South Atlantic from 32°S to 40°S. Diagnosis. Chace (1986), Cardoso and 
Young (2005), Alves-Júnior et  al. (2019b). Distribution. Bathypelagic. Western 
Atlantic: Brazil (Pernambuco, Espírito Santo, Rio de Janeiro), Uruguay, south from 
35°S to 40°S.  Indian Ocean: eastern South Africa, Madagascar, Arabian Sea, 
Sumatra. Pacific Ocean: from eastern Africa to 163°W and from 25°N to 44°S, 
Indonesia, Australia, Papua New Guinea, Japan, Canada. Depth range. From 250 
to 3716 m.

 41. Acanthephyra stylorostratis (Spence-Bate, 1888).

Bentheocaris stylorostratis Spence-Bate, 1888: 726, pl. 123, Fig. 4.
Acanthephyra stylorostratis– Calman 1925: 14; Chace 1936: 30; 1940: 144, 
Fig. 22; 1986: 10; Cardoso and Young 2005: 27, Figs. 19–23; Cardoso and 
Serejo 2007: 44; Serejo and Cardoso 2010: 194, Fig. 1 a–c; Serejo et  al. 
2007: 139; Alves-Júnior et al. 2019b: 412, Figs. 11 a–c, 12, 39 f.

Type locality. 21°38′N, 44°39′W, Mid North Atlantic. Diagnosis. Chace (1940), 
Cardoso and Young (2005), Cardoso and Serejo (2007), Alves-Júnior et al. (2019b). 
Distribution. Bathypelagic. Western Atlantic: USA (off New Jersey, Florida), 
Bermuda, Gulf of Mexico, Tortuga, Brazil (Ceará, Rio Grande do Norte, Alagoas, 
Espírito Santo, Rio de Janeiro). Eastern Atlantic: Canary Islands, Madeira, Cape 
Verde, Sahara Occidental. Indian Ocean: South Africa. Pacific Ocean: Tuamotu. 
Depth range. From 700 to 3548 m.

 42. Ephyrina benedicti Smith, 1885 (Fig. 21.3a).

Ephyrina benedicti Smith, 1885: 506; De Man 1920: 46; Crosnier and Forest 
1973: 65, Figs.  18, 19a; Chace 1986: 33; Cardoso and Young 2005: 33: 
Figs.  24–28; Pequegnat and Wicksten 2006: 98; Serejo et  al. 2007: 139; 
Alves-Júnior et al. 2019b: 414, Figs. 13 a–c, 14.
Tropiocaris planipes Spence-Bate, 1888: 835, pl. 136, Fig. 1.

Type locality. Northwestern Atlantic, off New  York, 40°26′40″N 
67°5′15″W. Diagnosis. Cardoso and Young (2005), Alves-Júnior et  al. (2019b). 
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Distribution. Bathypelagic. Western Atlantic: South Greenland, Northwestern 
Atlantic (40°26′40″N 67°5′15″W), USA, Gulf of Mexico, Brazil (Ceará, Bahia, 
Espírito Santo). Eastern Atlantic: southwest Ireland, west Portugal, Canary, Gabon, 
Saint Tomé. Pacific Ocean: northeastern Philippine Sea, Japan, west of Bonin 
Islands, Hawaii. Depth range. From 300 to 5000 m.

 43. Ephyrina ombango Crosnier and Forest, 1973.

Ephyrina ombango Crosnier and Forest, 1973: 68, Figs.  20a, 21a, 22a; 
Chace 1986: 36, Figs. 18, 19; Vereshchaka 1990: 139; Alves-Júnior et al. 
2019b: 415, Figs. 15 a–c, 16, 40a.

Type locality. Off São Tomé, Gulf of Guinea. Diagnosis. Chace (1986), Alves- 
Júnior et al. (2019b). Distribution. Bathypelagic. Western Atlantic: Gulf of Mexico, 
Brazil (Ceará, Rocas Atoll, Fernando de Noronha, Pernambuco). Eastern Atlantic: 
Cape Verde, Guinea, Sao Tome. Mid-Atlantic Ridge. Indian Ocean: Cocos-Keeling. 
Pacific Ocean: Sulu Sea, Philippines, Banda Sea, Indonesia, Panama, Easter Island, 
Nazca Ridge, Sala y Gòmez. Depth range. From 50 to 4000 m.

 44. Meningodora compsa (Chace, 1940).

Notostomus compsus Chace, 1940:156, Figs. 31, 32a–i.
Meningodora compsa– Crosnier and Forest 1973: 48, Fig.  10e; Kikuchi 
1985: 196; 1991: 25, Fig. 2; Chace 1986: 49; Alves-Júnior et al. 2019b: 416, 
Figs. 17 a–b, 18, 40b.

Type locality. Bermuda. Diagnosis. Alves-Júnior et al. (2019b). Distribution. 
Pelagic. Western Atlantic: Bermuda, Brazil (Pernambuco). Eastern Atlantic: 
Portugal (Azores Island), Senegal. Northern Mid-Atlantic Ridge. Depth range. 
From 680 to 1829 m.

Fig. 21.3 (a) Ephyrina benedicti Smith, 1885; (b) Notostomus elegans A. Milne-Edwards, 1881; 
(c) Glyphocrangon longirostris (Smith, 1882); (d) Glyphocrangon neglecta Faxon, 1896. All sam-
pled by REVIZEE/Score Central, deposited at Museu Nacional/UFRJ (unknown catalogue num-
ber). Scale bars = 1 cm
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 45. Meningodora longisulca Kikuchi, 1985.

Meningodora longisulca Kikuchi, 1985: 191, Figs. 1–3; Kikuchi 1991: 27, 
Fig. 2; Alves-Júnior et al. 2019b: 418, Figs. 19 a–c, 20.

Type locality. Western North Pacific, near Japan. Diagnosis. Kikuchi (1985), 
Alves-Júnior et  al. (2019b). Distribution. Pelagic. Western Atlantic: Brazil 
(Fernando de Noronha Archipelago). Pacific Ocean: Philippine Sea, off Japan. 
Depth range. From 0 to 2394 m.

 46. Meningodora mollis Smith, 1882.

Meningodora mollis Smith, 1882: 74, pl. 11, Figs. 8–9, pl. 12, Figs. 5–9; 
Crosnier and Forest 1973: 44, Fig. 10c; Kensley et al. 1987: 285; Ramos- 
Porto et al. 1998: 327; Vereshchaka 1990: 139; Kikuchi 1991: 32, Fig. 6; 
Pequegnat and Wicksten 2006: 100; Alves-Júnior et al. 2019b: 420, Figs. 21 
a–b, 22.
Hymenodora mollis– Spence-Bate 1888: 841, pl. 136, Fig. 5.
Notostomus fragilis Faxon, 1893: 207; 1895: 170, pl. 44, Fig. 2b.
Notostomus mollis– Balss 1925: 266, Fig. 37; Chace 1940: 164, Fig. 38.

Type locality. North Carolina (Cape Lookout). Diagnosis. Chace (1940), Alves- 
Júnior et al. (2019b). Distribution. Pelagic. Western Atlantic: Canada (Terra Nova), 
USA, Bermuda, Gulf of Mexico, Bahamas, Costa Rica, and Brazil (Fernando de 
Noronha, off Pernambuco). Eastern Atlantic: Spain (Bay of Biscay), Portugal 
(Canary Island), Gabon, Angola. Indo-Pacific Ocean: Somalia, Philippine Islands, 
China Sea, Panama, Galapagos Islands, Easter Island, Nazca ridge, seamounts Sala 
y Gòmez. Depth range. From water surface to 5000 m.

 47. Meningodora vesca (Smith, 1887).

Notostomus viscus Smith, 1886a: 189 (nomen nudum).
Notostomus vescus Smith, 1887: 676; De Man 1920: 46.
Acanthephyra brevirostris Spence-Bate, 1888: 751, plate 126, Figs. 5–6.
Acanthephyra batei Faxon, 1895: 167 (nomen novum for A. brevirostris 
Spence-Bate 1888).
Acanthephyra Batei– Kemp 1906: 22; De Man 1920: 41.
Acanthephyra parvirostris Coutière, 1911: 157.
Notostomus Batei– Balss 1925: 267.
Meningodora vesca– Sivertsen and Holthuis 1956: 13; Crosnier and Forest 
1968: 1130; 1973: 46, Fig. 10d; Zariquiey Alvarez 1968: 87; Foxton 1970: 
955, Fig. 6; Chace 1986: 50; Kensley et  al. 1987: 286; Cardoso 2006: 2, 
Figs.  1–4; Cardoso and Serejo 2007: 45; Alves-Júnior et  al. 2019b: 421, 
Figs. 23 a–b, 24.

Type locality. 37°12′20″N, 69°39′00″W, off New Jersey. Diagnosis. Cardoso 
(2006), Cardoso and Serejo (2007), Alves-Júnior et  al. (2019b). Distribution. 
Pelagic. Western Atlantic: Bermuda, Bahamas, Brazil (Rocas Atoll, Fernando de 
Noronha, Rio de Janeiro). Eastern Atlantic: Portugal, Azores, Canary, Gabon, 
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Angola. Indian Ocean: Bay of Bengal. Pacific Ocean: Philippines, Indonesia. Depth 
range. From 510 to 2500 m.

 48. Notostomus elegans A. Milne-Edwards, 1881 (Fig. 21.3b).

Notostomus elegans A. Milne-Edwards, 1881: 7; Crosnier and Forest 1973: 
49; Chace 1986: 56, Figs. 28d–f, 29c–e, 30; Kensley 1987: 287; Cardoso and 
Young 2005: 46, Figs. 34–38; Pequegnat and Wicksten 2006: 100; Cardoso 
and Serejo 2007: 46; Serejo et al. 2007: 139; Alves-Júnior et al. 2019b: 423, 
Figs. 25 a–c, 26, 40c.
Notostomus patentissimus Spence-Bate, 1888: 826, pl. 123, Figs. 1, 1a–c, 2.
Notostomus longirostris Spence-Bate, 1888: 833, pl. 135, Fig. 4.
Notostomus westergreni Faxon, 1893: 208.
Notostomus atlanticus Lenz and Strunck, 1914: 330; De Man 1920: 46.

Type locality. 24°36′N, 84°05′W, Antilles. Diagnosis. Chace (1986), Cardoso 
and Young (2005), Cardoso and Serejo (2007); Alves-Júnior et  al. (2019b). 
Distribution. Pelagic. Western Atlantic: Bermuda, Bahamas, Gulf of Mexico, 
Brazil (Rio Grande do Norte, Rocas Atoll, Fernando de Noronha Archipelago, 
Espírito Santo, Rio de Janeiro). Eastern Atlantic: Portugal, Gulf of Cadiz, Açores, 
Western South Africa. Pacific Ocean: Philippines, Indonesia, Australian east coast, 
Ecuador, Easter Island, Nazca Ridge, seamounts Sala y Gòmez. Depth range. From 
65 to 5380 m.

 49. Notostomus gibbosus A. Milne-Edwards, 1881.

Notostomus gibbosus A.  Milne-Edwards, 1881: 7; 1883, pl. 32; De Man 
1920: 46; Chace 1936: 28; Crosnier and Forest 1973: 49, Fig. 13; Chace 
1986: 57; Kensley et al. 1987: 288; Ramos-Porto et al. 1998: 327; Pequegnat 
and Wicksten 2006: 101; Poupin 2018: 102; Alves-Júnior et al. 2019b: 425, 
Figs. 27 a–c, 28, 40d.
Notostomus perlatus Spence-Bate, 1888: 831, pl. 135, Fig. 2; Kemp 1913: 
66, pl. 7, Fig. 10; Chace 1936: 28; 1940: 170, Fig. 42; Holthuis 1951: 29; 
Crosnier and Forest 1968: 1130.
Notostonzus brevirostris Spence-Bate, 1888: 832, pl. 135, Fig. 3.
Notostoiniis perlatus– Stebbing 1893: 246, pl. 13.
Notostomus brevirostris– Moreira 1901: 10; De Man 1920: 46.

Type locality. Off Grenada. Diagnosis. Chace (198) Alves-Júnior et al. (2019b). 
Distribution. Bathypelagic. Western Atlantic: Bermuda, Gulf of Mexico, off 
Grenada, Lesser Antilles, and Brazil (Ceará, Fernando de Noronha Archipelago). 
Eastern Atlantic: Sierra Leone, Ghana, Senegal, Congo. Indian Ocean: Chagos 
Archipelago, Western Australia, Sumatra. Pacific Ocean: Indonesia, Marquesas 
Islands. Depth range. From 569 to 4000 m.

Family Bathypalaemonellidae de Saint Laurent, 1985.
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 50. Bathypalaemonella texana Pequegnat, 1970a.

Bathypalaemonella texana Pequegnat, 1970a: 81, Figs.  4.7, 4.8; Crosnier 
and Forest 1973: 156; Wicksten and Méndez 1983: 230; Chace 1997: 31; 
Cleva 2001: 780; Cardoso 2010a: 1, Fig. 1.

Type locality. Northwestern Gulf of Mexico, 27°01.6′N, 94°42′W. Diagnosis. 
Cardoso (2010a). Distribution. Benthic. Western Atlantic: northwestern Gulf of 
Mexico, Brazil (Rio de Janeiro). Depth range. From 620 to 1463 m.

Family Crangonidae Haworth 1825.

 51. Parapontocaris caribbaea (Boone, 1927).

Aegeon caribbaeus Boone, 1927: 125, Fig. 28.
Parapontocaris caribbaea– Chace 1984: 30; Chan 1996: 319; Cruz et  al. 
2002: 189; Campos et al. 2005: 86, Figs. 49, 50; Cardoso 2013: 88, Fig. 2; 
Vázquez-Bader and Garcia 2013: 369; Alves-Júnior et al. 2018b: 47, Figs. 1 
a–b, 2.

Type locality. Caribbean Sea. Diagnosis. Chan (1996); Cardoso (2013). 
Distribution. Benthic. Western Atlantic: Bahamas, Straits of Florida, Gulf of 
Mexico, Caribbean Sea, Honduras, Colombia, Surinam, French Guiana, Brazil (Rio 
Grande do Norte, Bahia, Espírito Santo, Rio de Janeiro). Depth range. From 251 
to 885 m.

 52. Parapontophilus gracilis (Smith, 1882).

Pontophilus gracilis Smith, 1882: 36, pl. 7, Figs. 2, 2a–c, 3,3a; Crosnier and 
Forest 1968: 1145; 1973: 242, Fig. 79e, f; Pequegnat 1970a: 113.
Parapontophilus gracilis– Campos et  al. 2005: 89, Figs.  53, 54; Komai 
2008: 271, Figs. 2, 20a; Cardoso 2013: 88, Fig. 3; Alves-Júnior et al. 2018b: 
49, Figs. 3 a–c, 4.

Type locality. South Carolina, USA, 32°18.20′N, 78°43′W. Diagnosis. Komai 
(2008); Cardoso (2013). Distribution. Benthic. Western Atlantic: USA east coast 
(between 39° 57′ N and 32° 18′ N, New Jersey), Gulf of Mexico, Antilles, Colombia, 
Brazil (Rio Grande do Norte, Rio de Janeiro). Eastern Atlantic: Morocco, Senegal, 
Congo, Cabinda, Angola. Indian Ocean: east coast of Africa, Zanzibar, Gulf of 
Aden, Andaman Sea, Maldives. Depth range. From 294 to 3440 m.

 53. Parapontophilus longirostris Komai, 2008.

Parapontophilus longirostris Komai, 2008: 305, Figs. 18, 19, 21A; Cardoso 
2009b: 30, Figs. 1–4; 2013: 91.

Type locality. Tubuai Island, Austral Islands, 23°21.3′S, 149°33.9′W. Diagnosis. 
Komai (2008); Cardoso (2009a, b, 2013). Distribution. Benthic. Western Atlantic 
Ocean, off Brazilian coast. Indian and Pacific Oceans. Depth range. From 1070 
to 1889 m.
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 54. Prionocrangon brasiliensis Anker et al., 2014.

Prionocrangon brasiliensis Anker et al., 2014: 273, Figs. 7, 8.

Type locality. 19o36′S, 38°53′W, off Espírito Santo, Brazil. Diagnosis. Anker 
et  al. (2014). Distribution. Benthic. Western Atlantic: Brazil (Espírito Santo). 
Depth range. From 707 to 733 m.

 55. Sabinea hystrix (A. Milne-Edwards, 1881).

Paracrangon hystrix A. Milne-Edwards, 1881: 6.
Sabinea princeps Smith, 1882: 38, pl. 8, Fig.1, 1a, 1b; 1886a: 189; 1887: 
654, pl. 10, Figs. 1, 1a, 1b, 2.
Sabinea hystrix– Hansen 1908: 51; De Man 1920: 256, 302, 303; Holthuis 
1955: 132, Fig. 95b; Sivertsen and Holthuis 1956: 40; Crosnier and Forest 
1973: 232, Fig. 73c–d; Chace 1984: 58; Squires 1990: 12; Alves-Júnior et al. 
2018b: 56, Figs. 10a; 11a–d, 12.

Type locality. Near Guadalupe. Diagnosis. Squires (1990); Alves-Júnior et al. 
(2018b). Distribution. Benthic. Western Atlantic: Greenland (Davis Strait, 64°54′ 
N), Nova Scotia (off La Have Bank to St. Pierre Bank), West Indies, Gulf of Mexico, 
Caribbean Sea, Guadalupe, Brazil (Ceará, Rio Grande do Norte). Eastern Atlantic: 
Bank of Galicia, Western Sahara. Depth range. From 550 to 3957 m.

Family Glyphocrangonidae Smith, 1884.

 56. Glyphocrangon aculeata A. Milne-Edwards, 1881.

Glyphocrangon aculeatum A.Milne-Edwards, 1881:5; 1883, pl. 39.
Rhacocaris agassizii Smith, 1882:43, pl. 5, Fig. 2, pl. 6, Fig. 2.
Glyphocrangon aculeata– Spence-Bate 1888: 521, pl.94, Fig. 1; Pequegnat 
1970a:104; Holthuis 1971: 323, Fig.  10; Forest and Holthuis 1997: 56; 
Ramos-Porto et  al. 1998: 342; Komai 2004: 32, Fig.  1a, b; Coelho et  al. 
2006: 55; Serejo et al. 2007: 139; Felder et al. 2009: 1061; Vázquez-Bader 
and Garcia 2013: 371; Alves-Júnior et al. 2017b: 5, Fig. 2 a–b.

Type locality. Off Saint Vincent, West Indies. Diagnosis. Holthuis (1971), 
Komai (2004). Distribution. Benthic. Western Atlantic: from USA (off Cape 
Hatteras, North Carolina) to off Brazil (Ceará, Rio Grande do Norte, Pernambuco, 
Bahia, Espírito Santo, Rio de Janeiro, São Paulo), including the entire Gulf of 
Mexico and Caribbean Sea. Depth range. From 443 to 1760 m.

 57. Glyphocrangon alispina Chace, 1939.

Glyphocrangon alispina Chace, 1939: 39; Pequegnat 1970a: 105; Holthuis 
1971: 347, Fig.  15; Komai 2004: 33, Fig.  1c, d; Coelho et  al. 2006: 55; 
Serejo et al. 2007: 139; Felder et al. 2009: 1061; Vázquez-Bader and Gracia 
2013: 373; Alves-Júnior et al. 2017b: 6, Fig. 3 a–b.

Type locality. North of Matanzas Province, Cuba, 23°24′N, 
81°00.5′W. Diagnosis. Holthuis (1971), Komai (2004). Distribution. Benthic. 
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Western Atlantic: USA (Florida), Caribbean Sea, Gulf of Mexico, Cuba from the 
Florida Straits to British Guiana, Brazil (Amapá, Ceará, Rio Grande do Norte, 
Bahia). Depth range. From 548 to 2094 m.

 58. Glyphocrangon aurantiaca Holthuis, 1971.

Glyphocrangon aurantiaca Holthuis, 1971: 303, Fig.8; Takeda and Okutani 
1983: 68; Komai 2004: 35, Fig. 2A, B; Serejo et al. 2007: 139.

Type locality. Caribbean Sea, off Tobago, 11°37.3′N, 60°59.4′W. Diagnosis. 
Holthuis (1971); Komai (2004). Distribution. Benthic. Western Atlantic: from 
Tobago to French Guiana, Brazil (Rio de Janeiro). Depth range. From 410 to 733 m.

 59. Glyphocrangon longirostris (Smith, 1882) (Fig. 21.3c).

Rhachocaris longirostris Smith, 1882: 51, pl. 5, Fig. 1, pl. 6, Fig. 1.
Glyphocrangon longirostris – Pequegnat 1970a: 106; Holthuis 1971: 330, 
Figs.  11–13; Crosnier and Forest 1973: 230, Fig.  73a, b; Komai 2004: 
Fig. 2C, D; Coelho et al. 2006: 55; Cardoso and Serejo 2007: 40, Fig. 1; 
Serejo et al. 2007: 139; Felder et al. 2009: 1061; Alves-Júnior et al. 2017b: 
7, Fig. 4 a–b.

Type locality. Off Cape Hatteras, North Carolina, USA, 35°41.03′N, 
74°31.00′W. Diagnosis. Holthuis (1971); Komai (2004); Cardoso and Serejo 
(2007). Distribution. Benthic. Western Atlantic: from Massachusetts, USA, to off 
Suriname, Brazil (Bahia, Espírito Santo, Rio de Janeiro). Eastern Atlantic: from 
southwest of Ireland to Cape Point, South Africa. Depth range. From 1280 
to 2500 m.

 60. Glyphocrangon neglecta Faxon, 1896 (Fig. 21.3d).

Glyphocrangon neglecta Faxon, 1896: 159, pl. 1, Figs. 5, 6; Holthuis 1971: 
319, Fig.  9; Takeda and Okutani 1983: 69; Komai 2004: 37, Fig.  3A, B; 
Serejo et al. 2007: 140.

Type locality. Off Grenada, 12°03.3′N, 61°47.1′W. Diagnosis. Holthuis 
(1971); Komai (2004). Distribution. Benthic. Western Atlantic: southern 
Caribbean Sea, from Panama to Surinam, Brazil (Bahia, Rio de Janeiro). Depth 
range. From 365 to 1050 m.

 61. Glyphocrangon nobilis A. Milne-Edwards, 1881.

Glyphocrangon nobile A. Milne-Edwards, 1881: 5; 1883, pl. 40, Fig. 2, 2a; 
Pequegnat 1970a: 107.
Glyphocrangon nobilis– Holthuis 1971: 341, Fig. 14; Forest and Holthuis 
1997: 56, pl. 40, Fig. 2, 2a; Komai 2004: 39, Fig. 3C, D; Serejo et al. 2007: 
140.

Type locality. Off Dominica, 15°26.36′N, 61°36.45′W. Diagnosis. Holthuis 
(1971), Komai (2004). Distribution. Benthic. Western Atlantic: from South 
Carolina (USA) and the Bahamas Islands to Suriname, Brazil (Bahia). Depth 
range. From 410 to 2150 m.
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 62. Glyphocrangon sculpta (Smith, 1882).

Rhachocaris sculpta Smith, 1882: 49, pl. 5, Fig. 3, pl. 6, Fig. 3–3d.
Glyphocrangon sculptus– Smith 1886b: 608, 655, pl. 8, Fig. 3, pl. 9, Figs. 1, 
2.
Glyphocrangon sculpta– Holthuis 1971: 279, Figs. 2, 3: Komai 2004: 39, 
Fig. 4A, B; Coelho et  al. 2006: 55; Serejo et  al. 2007: 140; Alves-Júnior 
et al. 2017b: 8, Fig. 5 a–b; Serejo et al. 2007: 140.

Type locality. Off Delaware, USA, 38°16.45′N, 73°10.30′W. Diagnosis. 
Holthuis (1971), Komai (2004). Distribution. Benthic. Western Atlantic: from 
USA (Massachusetts and Delaware) to Antilles and Bahamas, Brazil (Rio Grande 
do Norte, Bahia, Rio de Janeiro). Eastern Atlantic: from Iceland to Nigeria. Depth 
range. From 1645 to 3219 m.

 63. Glyphocrangon spinicauda A. Milne-Edwards, 1881.

Glyphocrangon spinicauda A. Milne-Edwards, 1881: 3; 1883, pl. 40, Fig. 1, 
1a; Pequegnat 1970a: 110; Holthuis 1971: 295, Figs.  6–7; Ramos-Porto 
et al. 1998: 342; Komai 2004: 40, Fig. 4c, d; Coelho et al. 2006: 55; Serejo 
et al. 2007: 140; Felder et al. 2009: 1061; Vázquez-Bader and Gracia 2013: 
378; Alves-Júnior et al. 2017b: 10, Fig. 6 a–b.

Type locality. Off St. Christopher, West Indies, 17°19.27′S, 
62°50.30′W. Diagnosis. Holthuis (1971), Komai (2004). Distribution. Benthic. 
Western Atlantic: USA (east coast of Florida) from Florida to Barbados, northwest 
of Cuba, Caribbean Sea, Yucatan, south of Jamaica, Honduras, Nicaragua, 
Guadalupe, Dominica, Brazil (Amapá, Pará, Maranhão, Ceará, Rio Grande do 
Norte, Bahia). Depth range. From 256 to 692 m.

Family Nematocarcinidae Smith, 1884.

 64. Nematocarcinus gracilipes Filhol, 1884.

Nematocarcinus gracilipes Filhol, 1884: 232, Fig.  1; Crosnier and Forest 
1973: 123; García Raso 1996: 734; Burukovsky 2000a: 4; 2004a: 558; 2009: 
81; 2012: 116; Cardoso and Burukovsky 2014: 440, Figs. 2–4.
Nematocarcinus agassizii Faxon, 1893: 204; 1895: 158, pl. 42; Burukovsky 
2001: 1432, Fig. 3; 2004: 558.

Type locality. Sampled at 850 m depth, no other indication. Diagnosis. Cardoso 
and Burukovsky (2014). Distribution. Benthic. Western Atlantic: Brazil (Rio 
Grande do Norte, Saint Peter and Saint Paul Archipelago, Bahia). Mid-Atlantic 
Ridge. Eastern Atlantic: Azores, along the western Spain and African continent, 
Cape Verde. Mediterranean Sea. Pacific Ocean: Southern California to the Galapagos 
Islands, Peru. Depth range. From 190 to 1860 m.
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 65. Nematocarcinus parvus Burukovsky, 2000b.

Nematocarcinus parvus Burukovsky, 2000b: 1163; 2012: 146; Cardoso et al. 
2017: 4.
Nematocarcinus gracilis– Crosnier 1976: 229; Chace 1986: 71 (part).

Type locality. 12°26′S, 42°08′5″E, Madagascar. Diagnosis. Burukovsky (2000a, 
b, c), Burukovsky (2012). Distribution. Benthic. Western Atlantic: Rio Grande 
Rise. Indian Ocean: Madagascar, Tanzania, Mozambique. Pacific Ocean: Solomon 
Islands, Vanuatu, Samoa Islands. Depth range. From 600 to 1050 m. Color pat-
tern. Live specimens white, cephalotorax with a pink hepatopancreas; pereopods 
with white ischium, merus, and carpus; pale pink propods and dactyls; pale pink 
antennal and antennular flagellum; dorsally pink abdominal somites 1–2 and 5–6; 
dorsally white abdominal somites 3–4; white telson.

 66. Nematocarcinus rotundus Crosnier and Forest, 1973.

Nematocarcinus rotundus Crosnier and Forest, 1973: 103, Fig. 29 c, 30f–i, 
31e–f; Wenner 1979: 380; Takeda and Okutani 1983: 53; Squires 1990: 105; 
Burukovsky 2001: 1440; 2003: 144; 2004a: 558; 2012: 173; Cardoso and 
Burukovsky 2014: 445, Figs. 5–7.
Nematocarcinus cursor– Smith 1886a: 189 (part); 1887: 665 (part), pl. 17, 
Fig. 1; Agassiz 1888: 46 (part); Thompson 1966: 138, Figs. 4–5; Pequegnat 
1970a: 73.

Type locality. Gulf of Mexico, 28°43′N 87°14′30″W. Diagnosis: Cardoso and 
Burukovsky (2014). Distribution. Benthic. Western Atlantic: from Long Island to 
Chesapeake Bay, northwestern Bahamas, South of Florida, Northern Gulf of 
Mexico, French Guiana, Brazil (Bahia, Espírito Santo, Rio de Janeiro). Depth 
range. From 421 to 1629 m.

 67. Nematocarcinus tenuipes Spence-Bate, 1888.

Nematocarcinus tenuipes Spence-Bate, 1888: 812 (part, “Challenger” st. 
232); Burukovsky 1991: 42; 2000c: 164; 2001: 1302; 2002a: 11; 2002b: 
1515; 2003: 159; 2004: 558; 2012: 187; 2013: 182; Cardoso and Burukovsky 
2014: 450, Figs. 8–10.
Nematocarcinus productus– Spence-Bate 1888: 811 (part, “Challenger”, st. 
237).
Nematocarcinus longirostris– Spence-Bate 1888: 806 (part).
Nematocarcinus parvidentatus Spence-Bate, 1888: 814.
Nematocarcinus ensiferus– Rathbun 1906: 926.
Nematocarcinus serratus Spence-Bate, 1888: 819; Zarenkov 1968: 158.
Nematocarcinus serratirostris Burukovsky, 1991: 41.
Nematocarcinus ovalis Komai and Segonzac, 2005: 355.
Nematocarcinus ensifer.– Cardoso and Serejo, 2007: 41.

Type locality. Japan, 35°11′N, 139°28′E. Diagnosis: Cardoso and Burukovsky 
(2014). Distribution. Benthic. Western Atlantic: Brazil (Bahia, Espírito Santo, Rio 
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de Janeiro). Eastern Atlantic: Gabon, Angola, Namibia coasts. South Mid-Atlantic 
Ridge. Indian Ocean: Agulhas Bank, Mozambique Strait. Pacific Ocean: Taiwan, 
Japan, New Caledonia, Hawaii, Vanuatu, Fiji, Tonga Islands, East Pacific Rise, 
Chile. Depth range. From 630 to 3075 m.

Family Pandalidae Haworth,1825.

 68. Heterocarpus dorsalis Spence-Bate, 1888.

Heterocarpus dorsalis Spence-Bate, 1888: 630; Chace 1985: 22; Crosnier 
1988b: 62; Tavares 1999: 673, Figs. 2, 3.
Heterocarpus alphonsi Spence-Bate, 1888: 632, pl. 112 Fig. 1.
Heterocarpus affinis– Borradaile 1915: 208.

Type locality. 4°34′00″S, 129°57′30″E, off Banda Island, Caribbean Sea. 
Diagnosis. Chace (1985), Crosnier (1988a). Distribution. Bathypelagic. Western 
Atlantic: Brazil (Espírito Santo). Indian Ocean: eastern Africa to Indonesia. Pacific 
Ocean: Japan, Philippines, New Caleonia, Samoa. Depth range: From 185 
to 1400 m.

 69. Heterocarpus ensifer A. Milne-Edwards, 1881.

Heterocarpus ensifer A. Milne-Edwards, 1881: 8; 1883: pl. 27; Pequegnat 
1970a: 84; Crosnier and Forest 1973: 189, Fig.  61a; Crosnier 1988b: 67, 
p. 2, Figs. a–f; Ramos-Porto et al. 1998: 340; Serejo et al. 2007: 139; Rego 
and Cardoso 2010: 120, Fig. 1.
Pandalus carinatus Smith, 1882: 63, pl. 10.
Atlantocaris gigas Ortmann, 1893: 80, pl. 5, Fig. 2.
Procletes atlanticus Lenz and Strunck, 1914: 334, pl. 22, Figs. 9–14.

Type locality. Western Atlantic, near Barbados. Diagnosis. Crosnier (1988a), 
Rego and Cardoso (2010). Distribution. Bathypelagic. Western Atlantic: from 
USA (North Carolina) to Brazil (Ceará, Rio Grande do Norte, Rio de Janeiro). 
Eastern Atlantic: from Iberian Peninsula to Congo, Azores, Madeira, Canary 
Islands, Cape Verde. Mediterranean Sea. Indian Ocean: southwestern region. Pacific 
Ocean: Hawaii, Kiribati, Marquesas. Depth range. From 88 to 885 m.

 70. Heterocarpus inopinatus Tavares, 1999.

Heterocarpus inopinatus Tavares, 1999: 673, Fig.  1; Cardoso and Serejo 
2007: 47, Fig.  3; Serejo et  al. 2007: 139; Rego and Cardoso 2010: 121, 
Fig. 4; Alves-Júnior et al. 2017c: 39, Fig. 1 a–c.

Type locality. Western Atlantic, Brazil, Espírito Santo, 19°38′S, 
038°43′W. Diagnosis. Cardoso and Serejo (2007); Rego and Cardoso (2010). 
Distribution. Bathypelagic. Brazil (Ceará, Rio grande do Norte, Bahia, Espírito 
Santo, Rio de Janeiro). Depth range. From 150 to 1718 m.
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 71. Heterocarpus laevigatus Spence-Bate, 1888.

Heterocarpus laevigatus Spence-Bate, 1888: 636, pl. 112, Fig. 3; Crosnier 
and Forest 1973: 195, Fig. 61c; Chace 1985: 33, Fig. 13i; Crosnier 1988b: 
74; Viana et al. 2007: 35, Fig. 2; Rego and Cardoso 2010: 124, Fig. 6.

Type locality. 4°34′0″S, 129°57′30″E, off Banda Island. Diagnosis. Chace 
(1985); Rego and Cardoso (2010). Distribution. Bathypelagic. Western Atlantic: 
Brazil (Pernambuco, Bahia, Espírito Santo). Eastern Atlantic: off Rio d’Oro, off 
Villa Cisneros, Cape Verde. Indian Ocean: Arabian Sea, Malay. Pacific Ocean: 
Hawaii, French Polynesia, Eastern Australia, Japan, New Caledonia. Depth range. 
From 366 to 966 m.

 72. Heterocarpus oryx H. Milne-Edwards, 1881.

Heterocarpus oryx H.  Milne-Edwards, 1881: 10; Pequegnat 1970a: 85; 
Chace 1985: 21; Crosnier 1988b: 91; Ramos-Porto et al. 1998: 340; Tavares 
1999: 675; Cabral et al. 2000: 246; Ramos-Porto et al. 2003: 91.

Type locality. 24°36′N 84°05′W, Gulf of Mexico. Diagnosis. Pequegnat (1970a, 
b). Distribution. Bathypelagic. Western Atlantic: Gulf of Mexico, Lesser Antilles, 
Guadeloupe, Martinique, Brazil (Amapá, Pará, Maranhão, Ceará, Rio Grande do 
Norte, Pernambuco, Sergipe, Espírito Santo). Depth range. From 118 to 1774 m.

 73. Plesionika acanthonotus (Smith, 1882).

Pandalus acanthonotus Smith, 1882: 61.
Pandalus parfaitii A. Milne-Edwards, 1883: 21; De Man 1920: 107.
Pandalus geniculatus A. Milne-Edwards, 1883: 25; Coutière 1905: 675.
Nothocaris geniculatus– Bate 1888: 661; Moreira 1901: 8.
Plesionika geniculata– De Man 1920: 106.
Plesionika acanthonotus– De Man 1920: 105; Holthuis 1951: 62; Crosnier 
and Forest 1968: 661; Pequegnat 1970a: 91; Omori 1971: 241; Kensley 
1972; 50; Crosnier and Forest 1973: 203; Ramos-Porto et  al. 1998: 341; 
Cruz and Fransen 2004: 132; Cardoso 2010b: 222, Figs. 1–5; Cardoso et al. 
2019: 463, Figs. 2, 3.

Type locality. 32°43′25″N, 77°20′30″W, South Carolina, USA. Diagnosis. 
Crosnier and Forest (1973), Cardoso (2010a, b). Distribution. Bathypelagic. Western 
Atlantic: USA (South Caroline, Florida), Gulf of Mexico, Brazil (Pará, Ceará, Rio 
Grande do Norte, Pernambuco, Bahia, Espírito Santo). Mediterranean Sea. Eastern 
Atlantic: Portugal, Spain, Congo, Angola. Depth range. From 190 to 1350 m.

 74. Plesionika edwardsii (Brandt, 1851) (Fig. 21.4a).

Pandalus (Pontophilus) edwardsii Brandt, 1851: 122.
Pandalus narval– H. Milne Edwards 1837: 385.
Pandalus guerinii Risso, 1844: 95 (nomen nudum).
Pandalus (Parapandalus) longirostris Borradaile, 1899: 413, pl.37, Fig.10.
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Plesionika edwardsii– Holthuis 1947: 316; Pequenat 1970a, b: 93; Omori 
1971: 241; Crosnier and Forest 1973: 202, Fig. 63b, 64b; Chace 1985: 62, 
Fig. 26; Crosnier 1986: 362; Kensley et al. 1987: 314; Chan and Yu 1991: 
550, Figs. 2, 3b; Chan and Crosnier 1997: 193, Fig. 23; Cabral et al. 2000: 
246; Cruz and Fransen 2004: 141; Serejo et al. 2007: 139; Viana et al. 2007: 
36; Cardoso 2009a: 55, Figs. 1, 2.

Type locality. Mediterranean (designated by Chan and Yu 1991). Diagnosis. 
Chan and Crosnier (1997), Cardoso (2009a, b). Distribution. Bathypelagic. Western 
Atlantic: Virginia, Gulf of Mexico, Bahamas, Brazil (Ceará, Rio Grande do Norte, 
Pernambuco, Sergipe, Rio de Janeiro). Eastern Atlantic: Spain, Canary Islands, 
Madeira Islands, Morocco, Senegal, Angola. Mediterranean. Indian Ocean: La 
Reunion. Pacific Ocean: Indonesia, Philippines, Taiwan, Eastern Australia, New 
Caledonia, Vanuatu, Fiji, French Polynesia, Tubuai, Society Islands. Depth range. 
From 50 to 680 m.

 75. Plesionika ensis (A. Milne-Edwards, 1881).

Acanthephyra ensis A. Milne-Edwards, 1881: 14; Young 1900: 476.
Pandalus ensis– A. Milne-Edwards 1883: pl. 18; Faxon 1896: 161; Alcock 
1901b: 96; Coutiére 1905: 675; Rathbun 1906: 914.
Plesionika uniproducta Spence-Bate, 1888: 641, pl. 113, Fig.  1 (part); 
Moreira 1901: 8 (part).
Plesionika semilaevis– Spence-Bate 1888: 664 (part).

Fig. 21.4 A. Plesionika edwardsii (Brandt, 1851); B. Eupasiphae ostrovski Rodrigues and 
Cardoso, 2018; C. Oplophorus gracilirostris A.  Milne-Edwards, 1881. A and C sampled by 
REVIZEE/Score Central, deposited at Museu Nacional/UFRJ (unknown catalogue number); B 
sampled by ABRACOS, deposited at Universidade Federal de Pernambuco (unknown catalogue 
number). Scale bars = 1 cm
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Plesionika ensis– De Man 1920: 106; Holthuis 1951: 55, Fig. 10; Crosnier 
and Forest 1968: 1138; 1973: 209, Figs.  63c, 64f; Pequegnat 1970a: 94; 
Omori 1971: 241; Ramos-Porto et al. 1998: 341; Cabral et al. 2000: 246; 
Cruz and Fransen 2004: 141; Viana et  al. 2007: 36; Cardoso 2009a: 57, 
Figs. 3, 4.

Type locality. Near Barbados. Diagnosis. Holthuis (1951); Cardoso (2009a, b). 
Distribution. Bathypelagic. Western Atlantic: Florida, Gulf of Mexico, Antilles, 
Brazil (Pará, Maranhão, Ceará, Rio Grande do Norte, Paraíba, Alagoas, Bahia, Rio 
de Janeiro). Eastern Atlantic: Senegal, Gabon, Congo, Angola. Indian Ocean: 
Andaman Sea, Arabian Sea. Pacific Ocean: Hawaii, Fiji. Depth range. From 55 
to 1251 m.

 76. Plesionika gigliolii (Senna, 1903).

Pandalus gigliolii Senna, 1903: 315, pl. XVI, Figs. 5–16.
Plesionika gigliolii– De Man 1920: 106, 111; Martin and Hargreaves 1991: 
53; Fransen 1991: 173; Biscoito 1993: 324; Cruz and Fransen 2004: 135, 
Fig. 1a–c; Cardoso 2011: 132, Figs. 1–3.
Pandalus subtilirostris Riggio, 1905: 283.

Type locality. 39°15′37″3′″N, 9°26′37″7′″E, near Carbonara Cape, Sardegna. 
Diagnosis. Cruz and Fransen (2004), Cardoso (2011). Distribution. Bathypelagic. 
Western Atlantic: Caribbean Sea, Colombian coast (Aguja), Brazil (Bahia). Eastern 
Atlantic: Mediterranean Sea, Morocco; Madeira. Depth range. From 334 to 600 m.

 77. Plesionika holthuisi Crosnier and Forest, 1968.

Plesionika holthuisi Crosnier and Forest, 1968: 1141, Fig. 7b, c; 1973: 206, 
Fig. 64c, 65b–d; Pequegnat 1970a: 94, Fig. 4–12; Omori 1971: 241; Cardoso 
2010b: 222, Figs. 6–10; Cardoso et al. 2019: 463.
Plesionika acanthonotus– Holthuis 1951: 62 (part); 1952: 36, Fig. 9 (part).

Type locality. Off Pointe Noire, Congo. Diagnosis. Crosnier and Forest (1973), 
Cardoso (2010a, b). Distribution. Bathypelagic. Western Atlantic: Gulf of Mexico, 
Brazil (Bahia and Espírito Santo). Eastern Atlantic: Senegal, Congo, Angola. Depth 
range. From 480 to 900 m.

 78. Plesionika longipes (A. Milne-Edwards, 1881).

Pandalus longipes A. Milne-Edwards, 1881: 15; 1883: pl. 20.
Plesionika longipes– Boone 1927: 114, Figs. 24–26; Chace 1956: 12; Bullis 
and Thompson 1965: 8; Campos et al. 2005: 81, Fig. 45; Cardoso 2011: 136, 
Figs. 4–6.

Type locality. Near Barbados. Diagnosis. Boone (1927), Cardoso (2011). 
Distribution. Bathypelagic. Western Atlantic: USA, Barbados, Belize, Colombian 
Caribbean, Brazil (Bahia). Depth range. From 196 to 669 m.
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 79. Plesionika macropoda Chace, 1939.

Plesionika macropoda Chace, 1939: 37; Palmier 1993: 19, pls. 19–20; 
Monterossa 1988: 637, Figs. 4–5; Chan and Crosnier 1997: 205, Figs. 11–13, 
30–31; Cardoso 2011: 141, Figs. 7–9.

Type locality. Bahia de Cochinos, Santa Clara Province, Cuba, 22°07′N, 
81°08′W. Diagnosis. Chan and Crosnier (1997); Cardoso (2011). Distribution. 
Bathypelagic. Western Atlantic: Caribbean Sea, Antilles, Brazil (Bahia). Pacific 
Ocean: Loyalty Islands, French Polynesia. Depth range. From 260 to 623 m.

 80. Plesionika martia (A. Milne-Edwards, 1883)

Pandalus martius A. Milne-Edwards, 1883, pl. 21.
Plesionika uniproducta Spence-Bate, 1888: 641 (partim); pl. 113 Fig. 1.
Plesionika (Pandalus) sicherii Riggio, 1900: 20.
Plesionika martia– Crosnier and Forest 1973: 112, Figs. 63d, 64, 66; Ramos-
Porto et al. 1998: 341; Ramos-Porto et al. 2003: 95; Nunes et al. 2017: 342, 
Fig. 8; Ahamed et al. 2017: 585.

Type locality. Atlantic Ocean, between 34° and 44°N. Diagnosis. Crosnier and 
Forest (1973), Ahamed et al. (2017). Distribution. Bathypelagic. Western Atlantic: 
USA (off South Carolina to Florida), off Bermuda, Gulf of Mexico, Brazil (Pará, 
Amapá, Maranhão, Ceará, Rio Grande do Norte, Saint Peter and Saint Paul 
Archipelago). Eastern Atlantic: off SW Ireland, Portugal (Azores Island), Bay of 
Biscay, Mediterranean Sea, Gulf of Guinea, Cape of Good Hope. Indian Ocean: 
Andaman Sea, Bay of Bengal, Arabian Sea. Depth range. From 180 to 459 m.

 81. Plesionika miles (A. Milne-Edwards, 1883).

Pandalus miles A. Milne-Edwards, 1883: pl. 18.
Parapandalus miles– De Man 1920: 107, 138; Crosnier and Forest 1968: 
1137; 1973: 228, Fig. 71; Ramos-Porto et al. 1998: 342; Cruz and Fransen 
2004: 141; Cardoso 2009a: 61, Figs. 5, 6.

Type locality. Dominica. Diagnosis. Cardoso (2009a, b). Distribution. 
Bathypelagic. Western Atlantic: Martinique, Dominica, Brazil (Alagoas, Bahia, 
Espírito Santo, Rio de Janeiro). Depth range. From 54 to 700 m.

 82. Plesionika revizeei Cardoso, 2011.

Plesionika revizeei Cardoso, 2011: 52, Figs. 1–3.

Type locality. 21o13′S, 40o14′W, off Rio de Janeiro, Brazil. Diagnosis. Cardoso 
(2011). Distribution. Bathypelagic. Southwestern Atlantic: Brazil (Rio Grande do 
Sul, Rio de Janeiro, Espírito Santo). Depth range. From 533 to 666 m.

 83. Stylopandalus richardi (Coutière, 1905).

Pandalus (Stylopandalus) richardi Coutière, 1905: 1115.
Stylopandalus richardi– Richard 1905: 11.
Parapandalus richardi– De Man 1920: 108.
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Parapandalus richardi– Chace 1940: 192, Fig. 58–61; Crosnier and Forest 
1968: 1138; 1973: 224, Fig. 69b; Pequegnat 1970a: 86.
Plesionika nana Murray and Hjort, 1912: 585.
Pandalus (Plesionica) gracilis Borradaile, 1915: 208.
Parapandalus zur strasseni Balss, 1914: 597; De Man 1920: 108, pl.12, 
Fig. 32.
Parapandalus Zurstrasseni– Balss, 1925: 273; Calman 1939: 201.
Stylopandalus richardi– Burukovsky 1982: 45; Chace 1985: 136, Fig. 62; 
Kensley et al. 1987: 319; Cardoso 2009a: Figs. 7, 8.

Type locality. 32°18′N, 23°58′W, west of Madeira; 27°43′N, 18°28′W, Canary 
Islands. Diagnosis. Chace (1940), Cardoso (2009a, b). Distribution. Bathypelagic. 
Western Atlantic: New Foundland, Gulf of Mexico, Bermuda, Cadix, Brazil (Rio de 
Janeiro). Eastern Atlantic: Azores, Canary, Madeira, Gibraltar, Gulf of Guinea, 
Adriatic Sea, Gabon, Congo, Angola. Mediterranean. Indian Ocean: Natal, 
Seychelles, Red Sea, Sumatra, Malay Archipelago, Gulf of Bengal, Banda Sea. 
Pacific Ocean: Philippines, Eastern Australia, Indonesia, Hawaii, Alaska. Depth 
range. From 7 to 3600 m.

Family Pasiphaeidae Dana, 1852.

 84. Eupasiphae gilesii (Wood-Mason, 1892).

Parapasiphaë Gilesii Wood-Mason, 1892: pl. 3, Fig. 8; Calman 1939: 187.
Parapasiphae (Eupasiphaë) Gilesii– Wood Mason and Alcock 1893: 166.
Parapasiphaea (Eupasiphaea) gilesii– Alcock and Anderson 1894: 158.
Parapasiphaea Gilesii– Alcock 1901b: 66.
Eupasiphae rhinocerata Burukovsky, 1977: 473, figs. a–c.
Eupasiphae gilesi– Fisher and Goldie 1961: 78; Crosnier and Forest 1973: 
150, Fig. 44.
Eupasiphae gilesii– Holthuis 1955: 36; Tirmizi 1969: 213, Figs.  1–4; 
Kensley 1977: 32, Figs. i, o, b; Hanamura 1983: 78, Fig. 16 a–b; Kikuchi and 
Nemoto 1986: 55; Kensley et al. 1987: 293; Crosnier 1988b: 786, Figs. 1–5a.

Type locality. Off Cinque Island, Andaman Sea. Diagnosis. Crosnier and Forest 
(1973), Kensley (1977). Distribution. Pelagic. Western Atlantic: Brazil (Fernando 
de Noronha Archipelago, Bahia). Eastern Atlantic: West of Cape Verde, Madeira, 
Bermuda. South Mid-Atlantic Ridge. Indian Ocean: Gulf of Oman, Andaman Sea, 
Madagascar, central and northern Arabian Sea. Pacific Ocean: Baja California, New 
Zealand. Depth range. From 350 to 2500 m.

 85. Eupasiphae ostrovski Rodrigues and Cardoso, 2018 (Fig. 21.4b).

Eupasiphae ostrovski Rodrigues and Cardoso, 2018: 190, Figs. 1–3.

Type locality. Off Brazil, Rio de Janeiro, 21°25.738′S, 39°43.946′W. Diagnosis. 
Rodrigues and Cardoso (2018). Distribution. Pelagic. Southwestern Atlantic 
Ocean, Brazil (Rocas Atoll, Bahia, Espírito Santo, Rio de Janeiro). Depth range. 
From 1374 to 1718 m.
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 86. Parapasiphae cristata Smith, 1884.

Parapasiphae cristata Smith, 1884: 388, Fig. 3; Krygier and Pearcy 1981: 
81; Tchesunov 1984: 1170, Figs.  3–4; Hendrickx and Estrada-Navarrete 
1989: 112; Wicksten 2002: 133; Wasmer 2005: 167, Fig.  5; Tavares and 
Cardoso 2006: 33, Figs. 5–6; Serejo et al. 2007: 139.
Parapasiphaë macrodactyla Chace, 1939: 33.

Type locality. 39°22′N, 68°34′30″W, off New Jersey. Diagnosis. Wasmer 
(2005), Tavares and Cardoso (2006). Distribution. Pelagic. Western Atlantic: Brazil 
(Bahia). South Mid-Atlantic Ridge. Pacific Ocean: Oregon, Mexico, North Atlantic. 
Depth range. From 400 to 2870 m.

 87. Parapasiphae sulcatifrons Smith, 1884.

Parapasiphaë sulcatifrons Smith, 1884: 384, Figs. 1–7; Crosnier and Forest 
1973: 142, Fig. 41; Krygier and Pearcy 1981: 81; Tchesunov 1984: 1166–
1170; Hendrickx and Estrada-Navarrete 1989: 112; 1996: 99, Fig.  62; 
Iwasaki 1990: 200; Wicksten 2002: 133; Tavares and Cardoso 2006: 36, 
Figs. 7–8; Serejo et al. 2007: 139.
Orphania tenuimana Spence-Bate, 1888: 872; pl. 141, Fig. 4.
Dantecia caudani Caullery, 1896: 372, pl. 14, Figs. 1–11.
Pasiphaea metriomma Dohrn, 1908: 9.

Type locality. Off USA, 37°02′42″N, 74°17′36″W; 39°27′10″N, 69°56′20″W; 
38°53′00″N, 69°23′30″W; 41°53′00″N, 65°35′00″W; 41°43′00″N, 65°21′50″W; 
39°44′30″N, 71°04′00″W; 37°56′20″N, 70°57′30″W; 37°12′20″N, 69°39′00″W; 
37°50′00″N, 73°03′50″W; 35°12′10″N, 74°57′15″W. Diagnosis. Tavares and 
Cardoso (2006). Distribution. Pelagic. Western Atlantic: Brazil (Ceará, Rio Grande 
do Norte, Rocas Atoll, Fernando de Noronha Archipelago, Espírito Santo, Rio de 
Janeiro). Indian Ocean: southeastern Africa. Pacific Ocean: south and east coast of 
Australia, west coast of North and Central America. Depth range. From 500 
to 5340 m.

 88. Pasiphaea alcocki (Wood-Mason, 1891).

Parapasiphaë Alcocki Wood-Mason, 1891: 196.
Pasiphaea (Phye) Alcocki– Wood-Mason 1892: 3, Fig. 5.
Phye Alcocki– Wood-Mason and Alcock 1893: 164.
Pasiphaea (Phye) alcocki– Alcock 1901b: 61.
Pasiphaea Alcocki– De Man 1920: 2.
Pasiphaea alcocki– Komai and Amaoka 1993: 371; Hayashi 2006: 196, 
Figs. 1–2; Komai et al.2012: 300, Fig. 4; Rodrigues and Cardoso 2019: 322, 
Fig. 1.

Type locality. Bay of Bengal, 16o11′15″N, 82o30′30″E. Diagnosis. Hayashi 
(2006), Rodrigues and Cardoso (2019). Distribution. Pelagic. Western Atlantic: 
Brazil (Espírito Santo). Indian Ocean: Gulf of Manar, Arabian Sea, Southeast Asia. 
Pacific Ocean: Taiwan, Indonesia, Philippines. Depth range. From 185 to 1733 m.

I. Cardoso Azevedo et al.



533

 89. Pasiphaea antea Rodrigues, Alves-Júnior and Cardoso, 2018.

Pasiphaea antea Rodrigues, Alves-Júnior and Cardoso, 2018: 494, Figs. 1–3.

Type locality. Fernando de Noronha Archipelago (Brazil). Diagnosis. Rodrigues 
et al. (2018). Distribution. Pelagic. Fernando de Noronha Archipelago and Rocas 
Atoll (Brazil). Depth range. From 65 to 505 m.

 90. Pasiphaea major Hayashi, 2006.

Pasiphaea major Hayashi, 2006: 219, Figs. 9–11; Rodrigues and Cardoso 
2019: 323, Fig. 2.

Type locality. 25°09′S, 168°53′E, Norfolk Ridge. Diagnosis. Rodrigues and 
Cardoso (2019). Distribution. Pelagic. Western Atlantic: Brazil (Bahia, Espírito 
Santo, Rio de Janeiro). Indian Ocean: Madagascar. Pacific Ocean: Lord Howe 
Ridge, New Caledonia, Wallis and Futuna, Marquesas, Tonga. Depth range. From 
226 to 1890 m.

 91. Pasiphaea merriami Schmitt, 1931.

Pasiphaea merriami Schmitt, 1931: 391; Chace 1956: 11; Bullis and 
Thompson 1965: 7; Pequegnat 1970a, b: 64; Takeda 1983: 59; Tchesunov 
1984: 997; Burukovsky and Romensky 1987: 58; Burukovsky 1996: 843; 
Hayashi 2004: 344, Fig. 12; Tavares and Cardoso 2006: 28, Figs. 1–2; Serejo 
et al. 2007: 139.
Pasiphaea nishiei– Iwasaki 1990: 190, Figs. 1–2; Hanamura 1994: 171.

Type locality. South of the Dry Tortugas, North Atlantic Ocean. Diagnosis. 
Hayashi (2004), Tavares and Cardoso (2006). Distribution. Pelagic. Western 
Atlantic: Gulf of Mexico, Caribbean Sea, Suriname, Brazil (Ceará, Rio Grande do 
Norte, Bahia, Espírito Santo). Depth range: From 280 to 3206 m.

 92. Pasiphaea princeps Smith, 1884.

Pasiphaëa princeps Smith, 1884: 383, Fig.  2; De Man 1920: 2; Iwasaki 
1990: 196, Figs. 5, 6; Hanamura 1994: 171; Burukovsky 1996: 843; Hayashi 
2004: 353; Tavares and Cardoso 2006: 30, Figs. 3–4; Serejo et al. 2007: 139.

Type locality. 39°29′N 70°58′40”W, North Atlantic Ocean. Diagnosis. Iwazaki 
(1990), Cardoso and Tavares (2006). Distribution. Pelagic. Western Atlantic: USA 
to Cape Verde Islands, Brazil (Bahia, Espírito Santo, Rio de Janeiro). Depth range. 
From 1450 to 4570 m.

 93. Pasiphaea taiwanica Komai et al., 2012.

Pasiphaea taiwanica Komai et al., 2012: 318; Figs. 18–20; Rodrigues and 
Cardoso 2019: 323, Fig. 3.

Type locality. 21°47.35′N, 120°29.7′E, Southwestern Taiwan. Diagnosis. 
Rodrigues and Cardoso (2019). Distribution. Pelagic. Western Atlantic: Brazil 
(Bahia). Pacific Ocean: Southwestern Taiwan. Depth range. From 226 to 2137 m.
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 94. Pasiphaea tarda Krøyer, 1845.

Pasiphaea tarda Krøyer, 1845: 453; Matthews and Pinnoi 1973: 139; 
Hayashi 2006: 234; Rodrigues and Cardoso 2019: 324, Fig. 4.
Pasiphaea princeps– Rathbun 1904: 23.
Pasiphaea principalis Sund, 1913: 6; De Man 1920: 2.

Type locality. Not indicated. Diagnosis. Hayashi (2006), Rodrigues and Cardoso 
(2019). Distribution. Pelagic. Western Atlantic: South Carolina, Brazil (Espírito 
Santo). Eastern Atlantic: South Greenland, Canary Islands, Angola. Depth range. 
From 250 to 2400 m.

Family Psalidopodidae Wood-Mason and Alcock, 1892.

 95. Psalidopus barbouri Chace, 1939.

Psalidopus barbouri Chace, 1939: 36; Bullis and Thompson 1965: 8; Chace 
and Holthuis 1978: 2; Ramos-Porto et al. 2000, 77; Ramos-Porto et al. 2003: 81.

Type locality. 23°21′N, 79°58′W, south of Cay Sal Bank, Nicholas Channel, 
Western Atlantic. Diagnosis. Pequegnat (1970a, b), Chace and Holthuis (1978). 
Distribution. Benthic. Western Atlantic: USA (Florida), Gulf of Mexico, Caribbean 
Sea, Belize, Venezuela, Suriname, Brazil (Pará). Depth range. From 300 to 626 m.

Family Oplophoridae Dana, 1852.

 96. Janicella spinicauda (A. Milne-Edwards, 1883).

Oplophorus spinicauda A. Milne-Edwards, 1883; Chace 1940: 184, Fig. 54; 
Kensley 1972: 38, Fig. 17d, e.
Oplophorus foliaceus Rathbun, 1906: 922, pl. 20, Fig. 8; De Man 1920: 48.
Acanthephyra anomala Boone, 1927: 104, Fig. 21.
Janicella spinicauda– Chace 1986: 44, Figs.  23, 24; Kensley 1987: 285, 
Figs. 29–33; Cardoso and Young 2005: 39, Figs. 29–33; Cardoso and Serejo 
2007: 45; Serejo et al. 2007: 139; Alves-Júnior et al. 2019b: 426, Figs. 29 
a–c, 30, 40e.

Type locality. 34°13′30″N, 7°43′W, off Casablanca, Morocco. Diagnosis. Chace 
(1986), Cardoso and Young (2005), Cardoso and Serejo (2007), Alves-Júnior et al. 
(2019b). Distribution. Pelagic. Western Atlantic: east coast of Florida, Bermuda, 
Bahamas, Caribbean Sea, Honduras, Grenada, Lesser Antilles, Brazil (Rocas Atoll, 
Pernambuco, Bahia, Espírito Santo, Rio de Janeiro). Indian Ocean: north of 
Madagascar, southwestern Indian. Pacific Ocean: Philippines, French Polynesia, 
Hawaii. Depth range. From 105 to 3716 m.

 97. Oplophorus gracilirostris A. Milne-Edwards, 1881 (Fig. 21.4c).

Oplophorus gracilirostris A. Milne-Edwards, 1881: 6; De Man 1920: 48; 
Chace 1947: 44, Figs. 4–7; 1986: 59, Fig. 32a–e; Ramos-Porto et al. 2000: 
77; Cardoso and Young 2005: 52, Figs.  39–43; Serejo et  al. 2007: 139; 
Alves-Júnior et al. 2019b: 428, Figs. 31 a–b, 32, 40 f.
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Oplophorus longirostris Spence-Bate, 1888: 765, pl. 127, Fig. 2.
Hoplophorus smithii Wood-Mason and Alcock, 1891: 194.
Oplophorus okitsuensis Yokoya, 1922: 302.

Type locality. Western Atlantic, Dominica. Diagnosis. Chace (1986), Cardoso 
and Young (2005), Alves-Júnior et  al. (2019b). Distribution. Pelagic. Western 
Atlantic: Bahamas, Gulf of Mexico, Caribbean Sea, Brazil (Bahia). Indian Ocean: 
southeastern Africa. Pacific Ocean: Indonesia, Philippines, southern Japan, Fiji 
Islands, Hawaii. Depth range. From 100 to 2400 m.

 98. Oplophorus spinosus (Brullé, 1839).

Palaemon spinosus Brullé, 1839: 18.
Hoplophorus grimaldii Coutiére, 1905: 1, Fig. 1; Calman 1939: 189; Chace 
1940: 187, Fig. 55; Kensley 1972: 38, Fig. 17i, j.
Oplophorus spinosus– Holthuis 1949: 229; Crosnier and Forest 1973: 25; 
Chace 1986: 59; Kensley 1987: 289; Cardoso and Young 2005: 58, 
Figs. 44–48; Cardoso and Serejo 2007: 46; Serejo et al. 2007: 139.

Type locality. Canary Islands. Diagnosis. Chace (1947), Cardoso and Young 
(2005), Cardoso and Serejo (2007). Distribution. Pelagic. Western Atlantic: USA, 
Bermuda, Bahamas, Brazil (Bahia, Espírito Santo). Eastern Atlantic: Azores, 
Madeira, Canary, Senegal, Tristan da Cunha. Indian Ocean: southwestern Indian 
Ocean, west Australia. Pacific Ocean: Indonesia, south Japan, Hawaii. Depth range. 
From water surface to 2700 m.

 99. Systellaspis curvispina Crosnier, 1987.

Systellaspis curvispina Crosnier, 1987: 711, Figs. 6–8; Lunina et al. 2018: 3, 
Fig. 2; Alves-Júnior et al. 2019b: 429, Figs. 33 a–c, 34.
Systellaspis cristata Chace, 1986: 64 (part), Fig. 35c.

Type locality. Magadascar. Diagnosis. Crosnier (1987), Alves-Júnior et  al. 
(2019b). Distribution. Pelagic. Western Atlantic: Gulf of Mexico, Bahamas, 
Dominica, Lesser Antilles, Caribbean Sea, Brazil (Ceará, Rio Grande do Norte, 
Rocas Atoll). Indian Ocean: southeastern Africa. Pacific Ocean: Indonesia, 
Philippines, southern Japan, Fiji Islands, Hawaii, French Polynesia, Seamounts Sala 
y Gòmez, Nazca Ridge. Depth range. From 140 to 1150 m.

 100. Systellaspis debilis (A. Milne-Edwards, 1881).

Acanthephyra debilis A. Milne-Edwards, 1881: 13.
Miersia gracilis Smith, 1882: 70.
Systellaspis bouvieri Coutiére, 1905: 8, Fig. 3.
Hoplopasiphaea philippinensis Yokoya and Shibata, 1965: 4, Figs. 4, 5.
Systellaspis debilis– Crosnier and Forest 1973: 87, Figs. 26b, 27b; Chace 
1940: 181, Fig. 51; 1986: 67, Figs. 34 m–o, 35 g, h; Cardoso and Young 
2005: 64, Figs. 49–53; Pequegnat and Wicksten 2006: 102; Cardoso and 
Serejo 2007: 47; Felder et al. 2009: 1053; Poupin 2010: 73; Alves-Júnior 
et al. 2019b: 431, Figs. 35 a–b, 36.
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Type locality. Bahamas. Diagnosis. Chace (1986), Cardoso and Young (2005), 
Cardoso and Serejo (2007), Alves-Júnior et  al. (2019b). Distribution. Pelagic. 
Western Atlantic: south of Greenland, USA (Virginia, North Carolina), Bermuda, 
Gulf of Mexico, Bahamas, Caribbean Sea, Brazil (Pernambuco, Rio de Janeiro). 
Eastern Atlantic: south of Iceland, Faroe, Belgium, Bay of Biscay, Azores, Cape 
Verde, west African coast, Nigeria, Congo, Angola. Indian Ocean: Mayotte area, 
Madagascar, South of the Keeling Islands, Malay Archipelago. Pacific Ocean: 
Philippines, Indonesia, Hawaii, French Polynesia. Depth range. From 25 to 4594 m.

 101. Systellaspis pellucida (Filhol, 1885).

Acanthephyra pellucida Filhol, 1885: 144, 162.
Acanthephyra affinis Faxon, 1896: 162, pl. 2, Figs. 1–3.
Systellaspis affinis– De Man 1920: 43; Chace 1936: 29; Calman 1939: 190; 
Springer and Bullis 1956: 11; Forest 1964: 621; Bullis and Thompson 
1965: 7; Monod 1966: 110; Crosnier and Forest 1968: 1133.
Systellaspis pellucida– Crosnier and Forest 1973: 92, Figs. 26c, 27c; Chace 
1986: 67, Figs. 34 m–o, 35 g, h; Cardoso and Young 2005: 70, Figs. 54–58; 
Pequegnat and Wicksten 2006: 102; Serejo et al. 2007: 139; Poupin 2010: 
73; Alves-Júnior et al. 2019b: 431, Figs. 35 a–b, 36.

Type locality. 26°20′N, 14°53′W, Near Canary. Diagnosis. Cardoso and Young 
(2005). Distribution. Pelagic. Western Atlantic: Gulf of Mexico, Bahamas, Antilles, 
Brazil (Bahia). Eastern Atlantic: West African coast, from Guinea to Gabon. Indian 
Ocean: Madagascar, western Indian Ocean, Zanzibar. Pacific Ocean: Philippines, 
Indonesia, South China Sea. Depth range. From 85 to 3700 m.

Infraorder Astacidea Latreille, 1802.

Family Nephropidae Dana, 1852.

 102. Acanthacaris caeca (A. Milne-Edwards, 1881) (Fig. 21.5a).

Phoberus caecus A. Milne-Edwards, 1881:1.
Neophoberus caecus– Glaessner 1969: 490.
Acanthacaris caeca– Holthuis 1974: 741, Figs. 4–8; 1991: 5; Melo 1999: 
478, Fig. 320; Takeda 1983: 85; Tavares and Young 2002: 85, Fig. 9; Serejo 
et al. 2007: 140.

Type locality. 12°03′15″N, 61°48′30″W, off Grenada, West Indies. Diagnosis. 
Holthuis (1974), Tavares and Young (2002). Distribution. Benthic. Western 
Atlantic: Gulf of Mexico, Caribbean Sea, Straits of Florida, West Indies, Grenade, 
Brazil (Amapá, Pará, Bahia). Depth range. From 293 to 878 m.

 103. Nephropsis aculeata Smith, 1881.

Nephropsis aculeata Smith, 1881: 431; Holthuis 1974: 776, Figs. 15–16; 
1991: 13; Melo 1999: 484, Fig. 324; Takeda 1983:82; Tavares and Young 
2002: 79, Figs. 1–2; Serejo et al. 2007: 140.
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Type locality. 40°02′N, 70°57′W, off Massachusetts, USA. Diagnosis. Holthuis 
(1974), Tavares and Young (2002). Distribution. Benthic. Western Atlantic: off 
Massachusetts (USA) to French Guiana, Suriname, Bermuda, Gulf of Mexico, 
Caribbean Sea, Brazil (Espírito Santo, Rio de Janeiro, São Paulo). Depth range. 
From 137 to 824 m.

 104. Nephropsis agassizii A. Milne-Edwards, 1880 (Fig. 21.5b).

Nephropsis agassizii A. Milne-Edwards, 1880: 1; Filhol 1885: 144, pl. 1 
Fig. 5; De Man 1916: 97, 110, 111.
Nephropsis agassizii– Holthuis 1974: 796, Figs.19–20; 1991:15; Coelho 
and Ramos-Porto 1985: 65; Melo 1999:486, Fig. 326; Tavares and Young 
2002: 81; Serejo et al. 2007: 140; Alves-Júnior et al. 2016b: 90, Figs. 1, 2.

Type locality. 24°01′N, 88°58′W, North of Yucatan Bank. Diagnosis. Holthuis 
(1974), Tavares and Young (2002). Distribution. Benthic. Western Atlantic: 
Bahamas, northern and eastern Gulf of Mexico, southern and eastern Caribbean 
Sea, Tobago, Brazil (Rio Grande do Norte, Bahia, Espírito Santo, Rio de Janeiro, 
São Paulo). Depth range. From 878 to 2900 m.

Fig. 21.5 (a) Acanthacaris caeca A. Milne-Edwards, 1881; (b) Nephropsis agassizii A. Milne- 
Edwards, 1880; (c) Nephropsis rosea Spence-Bate, 1888; (d) Polycheles typhlops Heller, 1862. All 
sampled by REVIZEE/Score Central, deposited at Museu Nacional/UFRJ (unknown catalogue 
number). Scale bars A = 10 cm; B, C and D = 2 cm
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 105. Nephropsis neglecta Holthuis, 1974.

Nephropsis neglecta Holthuis, 1974: 792, Fig. 18; Takeda 1983:83; Tavares 
and Young 2002: 82, Figs. 5–6; Serejo et al. 2007: 140. Alves-Júnior et al. 
2016b: 91, Figs. 2–3.

Type locality. Dry Tortugas, Florida. Diagnosis. Holthuis (1974), Tavares and 
Young (2002). Distribution. Benthic. Western Atlantic: Straits of Florida, Dry 
Tortugas, Lesser Antilles, Guadeloupe, Tobago, Caribbean Sea, Jamaica, Colombia, 
Venezuela, Guianas, Brazil (Rio Grande do Norte, Espírito Santo). Depth range. 
From 655 to 1300 m.

 106. Nephropsis rosea Spence-Bate, 1888 (Fig. 21.5c).

Nephropsis rosea Spence-Bate, 1888: 178, Fig. 39, pl.23, Figs. 1–2, pl. 24, 
Fig.  1; Holthuis 1974: 787, Figs.  16–17; Takeda 1983: 84; Tavares and 
Young 2002: 84, Figs. 7–8; Serejo et al. 2007: 140.

Diagnosis. Holthuis (1974), Tavares and Young (2002). Type locality. 32°11′7″N, 
65°3′20″W, off Bermuda. Distribution. Benthic. Western Atlantic: between 
Bermuda and French Guyana, Bahamas, Gulf of Mexico, Caribbean Sea, Brazil 
(Amapá, Bahia, Espírito Santo). Depth range. From 420 to 1260 m.

Infraorder Axiidea De Saint Laurent, 1979.

Family Callianassidae Dana, 1852.

 107. Cheramus profunda (Biffar, 1973).

Callianassa profunda Biffar, 1973: 225, Figs. 1, 2; Sakai 1999: 28; Sakai 
2005: 46.
Callianassa occidentalis Bate, 1888: 29, pl. 2 Fig. 2 k; Young 1900: 425; 
Borradaile 1903: 548; Balss 1925: 212; De Man 1928a: 115; Schmitt 1935: 
3; Biffar 1971: 649.
Cheramus occidentalis Bate, 1888: 32, pl. 2 Fig. 1; Young 1900: 246.
Callianassa (Cheramus) batei Borradaile, 1903: 546; De Man 1928a: 26, 
98; 1928b: 10, pl. 1 Fig. 3.
Callianassa batei– Schmitt 1935: 5; Biffar 1971: 649, 654; Manning 1987: 
398.
Cheramus batei– Manning and Felder 1991: 780; Coelho 1997: 150; Melo 
1999: 358, Figs. 237–238.
Cheramus profundus– Tudge et al. 2000: 145; Sakai 2011: 371.

Type locality. 18o29.3  N, 63o24.6  W, West Indies, off Sombrero Island. 
Diagnosis. Melo (1999), Sakai (2011). Distribution. Benthic. Western Atlantic: 
USA (Florida), Lesser Antilles, Brazil (Rio Grande do Sul). Depth range. From 
686 to 820 m.

Infraorder Achelata Scholtz and Richter, 1995.

Family Palinuridae Latreille, 1802.
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 108. Palinustus truncatus A. Milne-Edwards, 1880.

Palinustus truncatus A.  Milne-Edwards, 1880: 66; Holthuis 1991: 125; 
Fausto-Filho 1977: 75; Takeda 1983: 81; Melo 1999: 432; Silva et al. 2003: 
29; Tavares 2003: 316.

Type locality. Grenadines. Diagnosis. Holthuis (1991), Melo (1999). 
Distribution. Benthic. Western Atlantic: Lesser Antilles, Venezuela, Suriname, 
Brazil (Amapá, Pará). Depth range. From 100 to 1000 m.

 109. Projasus parkeri (Stebbing, 1902).

Jasus parkeri Stebbing, 1902: 39; Barnard 1950: 540.
Puerulus parkeri– Holthuis 1946: 110, 148.
Projasus parkeri– George and Grindley 1964: 89; Webber and Booth 1988: 
82; Holthuis 1991: 159; Griffin and Stoddart 1995: 236; Cardoso et  al. 
2017: 4.

Type locality. Buffalo River, north 15 miles, Natal, South Africa, about 33°S 
28°E. Diagnosis. Holthuis (1991), Griffin and Stoddart (1995). Distribution. 
Benthic. Western Atlantic: Rio Grande Rise. Eastern Atlantic: southwest Africa 
(Valdivia Bank, off Namibia). Indian Ocean: southeast Africa, St. Paul. Pacific 
Ocean: Southeastern Australia, New Zealand. Depth range. From 370 to 880 m.

Infraorder Polychelida De Haan, 1841.

Family Polychelidae Wood-Mason, 1874.

 110. Pentacheles laevis Spence-Bate, 1878a.

Pentacheles laevis Spence-Bate, 1878a: 278, Fig. 7; 1878b: 484; 1878c: 
563; 1888: 144, pl. 15, Figs.  4c, 5; Faxon 1895: 118; Galil 2000: 301, 
Fig. 7; Dall’Occo and Tavares 2004: 143, Fig. 1a; Serejo et al. 2007: 140.
Pentacheles gracilis Spence-Bate, 1878a: 279; 1878b: 484; 1878c: 563; 
1888: 146, pl. 16, Figs. 1–2; Faxon 1895: 118.
Polycheles granulatus Faxon, 1893: 197; 1895: 123, pl. 32, Fig. 1, pl. 33, 
Figs. 2, 2a; Rathbun 1906: 899, Fig. 54; Stebbing 1910: 378; Calman 1925: 
18; Barnard 1950: 569; Squires 1965: 89, Fig.  38; Kensley 1981: 29; 
Hendrickx 1995: 156; Dawson 1997: 10.
Pentacheles beaumontii Alcock, 1894: 236; 1901b: 175; Wood-Mason and 
Alcock 1894, pl. 8, Fig. 3.
Polycheles beaumontii– Faxon 1895: 125.
Polycheles dubius Bouvier, 1905b: 4; 1905c: 480.
Polycheles eryoniformis Bouvier, 1905b: 2; 1905d: 644; 1907: 62.
Polycheles gracilis– Firth and Pequegnat 1971: 46.
Polycheles laevis– Firth and Pequegnat 1971: 49.

Type locality. 4°33′N, 127°6′E, off the Moluccas. Diagnosis. Galil (2000), 
Dall’Occo and Tavares (2004). Distribution. Benthic. Western Atlantic: Canada 
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(Nova Scotia), USA, Bahamas, Brazil (Rio Grande do Norte, Bahia, Rio de Janeiro, 
Espírito Santo, Rio de Janeiro, Santa Catarina), Rio Grande Rise. Eastern Atlantic: 
southwestern Ireland, Ibero-Morrocan Gulf, Madeira, Canary Islands, Azores, Cape 
Verde. Indian Ocean: Sri Lanka, Madagascar. Pacific Ocean: Indonesia, Molluca 
Sea, Philippines, Gulf of Panama, Colombia, Galapagos, Nazca Ridge, Marquesas, 
Hawaii, Fiji, Wallis and Futuna, Vanuatu, New Caledonia, New Zealand, Tasmania, 
Australia. Depth range. From 347 to 2505 m.

 111. Pentacheles validus A. Milne-Edwards, 1880.

Pentacheles validus A. Milne-Edwards, 1880: 65; Bouvier 1925: 434; Galil 
2000: 308–311, Fig.  10; Ahyong and Brown 2002: 49; Dall’Occo and 
Tavares 2004: 144, Fig. 1b; Serejo et al. 2007: 140; Ahyong 2009: 383; 
Chan 2010: 162; Bezerra and Ribeiro 2015: 126, Fig. 1.
Polycheles debilis Smith, 1884: 360.
Polycheles validus– Bouvier, 1905c: 480; 1925: 434, Fig.  10, pl. 5, 
Figs. 1–2; Firth and Pequegnat 1971: 61.
Polycheles demani Stebbing, 1917: 28, pl. XCII; Firth and Pequegnat 1971: 
45.
Polycheles chilensis Sund, 1920b: 226; Firth and Pequegnat 1971: 42.

Type locality. Bequia, Windward Islands, Antilles. Diagnosis. Galil (2000), 
Bezerra and Ribeiro (2015). Distribution. Benthic. Western Atlantic: USA, 
Bahamas Islands, Gulf of Mexico, Caribbean Sea, Brazil (Rio Grande do Norte, 
Bahia, Espírito Santo, Rio de Janeiro), South Georgia. Eastern Atlantic: Bay of 
Biscay, Azores, Canary Islands, West Africa, South Africa. Indian Ocean: East 
Indian Ridge. Pacific Ocean: Vanuatu, Wallis and Futuna, New Caledonia, Australia, 
New Zealand, Tasmania, Chile. Depth range. From 914 to 3365 m.

 112. Polycheles typhlops Heller, 1862 (Fig. 21.5d).

Polycheles typhlops Heller, 1862: 392, pl. 1, Figs. 1–6; Bouvier 1925: 237; 
Galil 2000: 354, Fig. 30; Silva et al. 2003: 27–28; Ahyong and Chan 2004: 
179–181, Figs. 1d–f, 4 h, 5a, b; Dall’Occo and Tavares 2004: 146–148, 
Figs. 1d, 2a; Coelho et al. 2007: 7; Galil 2013: 497–498, Fig. 1b; Serejo 
et al. 2007: 140; Bezerra and Ribeiro 2015: 127, Fig. 2.
Pentacheles agassizii A. Milne-Edwards, 1880: 65.
Pentacheles hextii Alcock, 1894: 237–239.
Polycheles intermedius Balss, 1914: 599.

Type locality. Sicily, Italy. Diagnosis. Galil (2000), Bezerra and Ribeiro (2015). 
Distribution. Benthic. Western Atlantic: USA, Bermuda, Gulf of Mexico, Caribbean 
Sea, Puerto Rico, Suriname, French Guyana, Brazil (Pará, Rio Grande do Norte, 
Bahia, Espírito Santo, Rio de Janeiro, São Paulo, Paraná, Santa Catarina, Rio 
Grande do Sul). Eastern Atlantic: North Sea, North Africa, Cape Verde, West Africa, 
South Africa. Mediterranean Sea (Israel, Spain, France). Indian Ocean: Kenya, 
Comoro, Mozambique, Madagascar, Gulf of Aden. Pacific Ocean: Japan, East 
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China Sea, Taiwan, Philippines, Indonesia, Eastern Australia, New Caledonia, Fiji. 
Depth range. From 77 to 2055 m.

 113. Stereomastis nana (Smith, 1884).

Pentacheles nanus Smith, 1884: 359.
Pentacheles andamanensis Alcock, 1894: 239.
Polycheles nanus– Galil 2000: 329, Fig. 19; Ahyong and Brown 2002: 71; 
Ahyong and Galil 2006: 765.
Polycheles grimaldii Bouvier, 1905c: 481; 1905b: 4.
Stereomastis nana– Kensley 1968: 293; Yaldwyn and Webber 2011: 206; 
Ahyong 2012: 3; Alvarenga and Cardoso 2014: 1, Fig. 1.

Type locality. 38°44′N, 72°38′W, off New Jersey. Diagnosis. Galil (2000), 
Alvarenga and Cardoso (2014) Distribution. Benthic. Western Atlantic: Canada, 
USA, Brazil (Rio de Janeiro). Eastern Atlantic: Iceland, Greenland, Ireland, Gulf of 
Biscay, Portugal, Azores, West Africa, South Africa. Indian Ocean: Gulf of Aden, 
Arabian Sea, India. Pacific Ocean: Japan, China Sea, Philippines, Indonesia, Eastern 
Australia, Tasman Sea, Solomon Islands, Vanuatu, New Zealand. Depth range. 
From 300 to 4000 m.

 114. Stereomastis sculpta (Smith, 1880) (Fig. 21.6a).

Polycheles sculptus Smith, 1880: 346; Bouvier 1925: 438; Galil 2000: 340, 
Fig. 24; Ramos-Porto et al. 2000: 250; Ahyong and Brown 2002: 75; Ahyong 
and Chan 2004: 179, Fig. 3e, g; Dall’Occo and Tavares 2004: 146, Fig. 1c; 
Ahyong and Galil 2006: 765; Coelho et al. 2007: 7; Serejo et al. 2007: 140.
Stereomastis sculpta– Ahyong 2009: 385; Chan 2010: 382; Bezerra and 
Ribeiro 2015: 128, Fig. 3.

Type locality. Nova Scotia, Canada. Diagnosis. Galil (2000), Bezerra and 
Ribeiro (2015). Distribution. Benthic. Western Atlantic: Labrador Sea, Canada, 
Iceland, USA, Gulf of Mexico, Caribbean Sea, Guyana, Brazil (Pará, Rio Grande do 
Norte, Bahia, Espírito Santo, Rio de Janeiro, São Paulo, Paraná, Santa Catarina). 
Eastern Atlantic: Ibero-Moroccan Gulf, Mauritania, Canary Islands, Cape Verde, 
West Africa, South Africa. Mediterranean Sea. Indian Ocean: Arabian Sea, East 
Africa, Gulf of Aden, Comoro Islands, and Madagascar. Pacific Ocean: Japan, 
China Sea, Philippines, Indonesia, Malay Archipelago, Eastern Australia, Tasmania, 
Vanuatu, New Zealand Canada, USA, Chile. Depth range. From 200 to 4000 m.

Infraorder Anomura McLeay, 1838.

Family Chirostylidae Ortmann, 1892.

 115. Uroptychus janiceae Baba and Wicksten, 2017.

Uroptychus janiceae Baba and Wicksten, 2017: 265, Figs. 9–11, 23C.
Diptychus nitidus– A. Milne-Edwards 1880: 62 (part).
Uroptychus nitidus var. B– Chace 1942: 15, Fig.  5; Pequegnat and 
Pequegnat 1970: 161; Melo-Filho 2006: 4.
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Type locality. Nicholas Channel, south of Cay Sal Bank, north coast of Cuba, 
23°20′N, 80°00′W. Diagnosis. Chace (1942), Baba and Wicksten (2017). 
Distribution. Benthic. Western Atlantic: USA (Florida, East of St. Augustine), 
north coast of Cuba, northern and southeastern Gulf of Mexico, southern Caribbean 
Sea, Brazil (São Paulo). Depth range. From 458 to 808 m.

 116. Uroptychus nitidus (A. Milne-Edwards, 1880).

Diptychus nitidus A. Milne-Edwards, 1880: 62 (part); A. Milne-Edwards 
and Bouvier 1897: 134 (part), pl. 11, Figs. 21–22, pl. 12, Figs. 10–16.
Uroptychus nitidus– Henderson 1888: 174, pl. 21, Figs. 6, 2a; Melo-Filho 
1998: 393; Melo 1999: 168, Fig. 102; Melo-Filho 2006: 3; Serejo et al. 
2007: 140; Baba et al. 2008; 38; Vazquez-Bader and Gracia 2016: 5; Baba 
and Wicksten 2017: 253, Figs. 1, 2, 23a.
Uroptychus nitidus (typical form)– Chace 1942: 11, Fig. 3; Pequegnat and 
Pequegnat 1970: 161, Fig. 5–15.
Uroptychus nitidus nitudus– Melo-Filho 1999: 384.

Type locality. Off Martinique, 14°31′55”N, 61°07′28”W Diagnosis. Chace 
(1942), Baba and Wicksten (2017). Distribution. Benthic. Western Atlantic: USA, 
Straits of Florida, northern and southwestern Gulf of Mexico, north coast of Cuba, 
Lesser Antilles, northwestern and southern Caribbean Sea, Brazil (Pernambuco, 

Fig. 21.6 (a) Stereomastis sculpta (Smith, 1880); (b) Paralomis formosa Henderson, 1888; (c) 
Acanthocarpus alexandri Stimpson, 1871. All sampled by REVIZEE/Score Central, deposited at 
Museu Nacional/UFRJ (unknown catalogue number). Scale bars A, C = 1 cm; B = 2 cm
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Espírito Santo, Rio de Janeiro, São Paulo, Rio Grande do Sul). Depth range. From 
161 to 1362 m.

 117. Uroptychus uncifer (A. Milne-Edwards, 1880).

Diptychus uncifer A. Milne-Edwards, 1880: 63.
Diptychus nitidus A. Milne-Edwards, 1880: 62 (part); A. Milne-Edwards 
and Bouvier 1897: 140, pl. 11: Figs. 1–2, pl. 12: Figs. 17–29.
Uroptychus uncifer– Benedict 1901: 148; Chace 1942: 18, Fig. 7 (part); 
Lemaitre 1984: 427; Melo-Filho 1998: 393; Melo 1999: 170, Fig.  104; 
Baba et  al. 2008; 45; Vazquez-Bader and Gracia 2016: 5; Baba and 
Wicksten 2017: 281, Figs. 20–22, 3d.

Type locality. 13°5′0″N, 59°39′18″W, off coast of Barbados. Diagnosis. Baba 
and Wicksten (2017). Distribution. Benthic. Western Atlantic: Bahamas, Puerto 
Rico, Guadeloupe, Saint Vincent, Barbados, Brazil (Pernambuco). Depth range. 
From 161 to 453 m.

Family Diogenidae Ortmann, 1892.

 118. Paguristes spinipes A. Milne-Edwards, 1880.

Paguristes spinipes A. Milne-Edwards 1880: 44; Melo 1999: 86, Fig. 40; 
Coelho-Filho 2006: 14.

Type locality: 11°25′N, 62°04′15″W, Grenada, Caribbean Sea. Diagnosis. Melo 
(1999). Distribution. Benthic. Western Atlantic: USA (North Carolina to Florida), 
Lesser Antilles, Brazil (Ceará, Paraíba, Pernambuco, Alagoas). Depth range. From 
70 to 640 m.

Family Lithodidae Samouelle, 1819.

 119. Lithodes confundens Macpherson, 1988.

Lithodes confundens Macpherson, 1988: 55, Fig.  24, pl. 11, 12; Lianos 
et al. 2017: 983, Fig. 1.

Type locality. 54°02.07′ S, 58°40.4′ W, off Maldives Island. Diagnosis. 
Macpherson (1988), Lianos et al. (2017). Distribution. Benthic. Western Atlantic: 
Brazil (Rio Grande do Sul), Argentina (Buenos Aires, Patagonia, Strait of Magellan, 
Burdwood Bank, south of the Falkland Islands). Pacific Ocean: Chile (Punta 
Arenas). Depth range. From 430 to 600 m.

 120. Lithodes manningi Macpherson, 1988.

Lithodes manningi Macpherson, 1988: 62, Figs. 27, 28, pl. 14; Chevaldonne 
and Olu 1996: 287; Serejo et al. 2007: 140; Serejo and Cardoso 2010: 218, 
Fig. 48; Alves-Júnior et al. 2018c: 2, Figs. 1–2.

Type locality. Dominica, French Guiana. Diagnosis. Macpherson (1988). 
Distribution. Benthic. Western Atlantic: Gulf of Mexico, Dominica, Caribbean 
Sea, French Guiana, Brazil (Rio Grande do Norte, Espírito Santo, Rio de Janeiro). 
Depth range. From 640 to 1105 m.
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 121. Neolithodes agassizii (Smith, 1882).

Lithodes agassizii Smith, 1882: 8, pl. 1, Fig. 1 (in part, only adults); Agassiz 
1888: 39, Fig. 232.
Neolithodes agassizii– Bouvier 1895: 178; 1896: 8, 22.
Neolithodes agassizii– Takeda and Okutani 1983: 106; Macpherson 1988: 
33, Figs. 13, 14, 15a; pl. 2c; Serejo et al. 2007: 140; Serejo and Cardoso 
2010: 220; Alves-Júnior et al. 2018c: 3, Figs. 3–4.

Type locality. Virginia, 34°39.4′ N, 75°14.4′ W. Diagnosis. Macpherson (1988). 
Distribution. Benthic. Western Atlantic: USA (North and South Carolina, Alabama), 
Gulf of Mexico, Mexico (Tabasco), Bahamas, Caribbean Sea, Martinique, Colombia, 
Suriname, French Guiana, Brazil (Rio Grande do Norte, Bahia, Espírito Santo, Rio 
de Janeiro). Depth range. From 650 to 2076 m.

 122. Paralomis formosa Henderson, 1888 (Fig. 21.6b).

Paralomis formosus Henderson, 1888 p. 46, pl. V. Fig. 2.
Paralomis formosa– Bouvier 1896: 26; Macpherson 1988: 88, Figs. 36b, 
40, pl. 20; Tavares and Albuquerque 1990; Serejo et al. 2007; 140.
Paralomis spectabilis Birstein and Vinogradov, 1972: 352.

Type locality. 37°17′ S, 53°52′ W. Diagnosis. Macpherson (1988), Tavares and 
Albuquerque (1990). Distribution. Western Atlantic: Brazil (Bahia, Espírito Santo), 
Uruguay, Argentina, South Georgia Islands, Shag Rocks, South Orkney Islands. 
Depth range. From 400 to 2075 m.

Family Munididae Ahyong et al., 2010.

 123. Agononida longipes (A. Milne-Edwards, 1880).

Munida longipes A. Milne-Edwards, 1880: 50; Chace 1942: 47; Pequegnat 
and Pequegnat 1970: 132, Fig. 5/3; Williams 1984: 235, Fig. 170; Abele 
and Kim 1986: 35, figs. c, p. 405; Melo-Filho and Melo 1992a: 514; Poupin 
1994: 36; Melo-Filho 1998: 395; Melo 1999: 192, Fig. 121, 122 a–e; Melo- 
Filho 1999: 388, Fig.  13; Melo-Filho and Melo 2001a: 1190, Fig.  9; 
2001b:1155, Fig. 20, 21; 2001c: 47; Serejo et al. 2007: 140.
Munida paynei Boone, 1927: 53, Fig. 11.
Agononida longipes– Baba and de Saint Laurent 1996: 442; Melo-Filho 
2006: 5; Baba et al. 2008: 49; Melo-Filho 2008: 34; Vazquez-Bader and 
Gracia 2016: 7.

Type locality. Off Barbados. Diagnosis. Melo-Filho and Melo (2001a), Melo- 
Filho (2006). Distribution. Benthic. Western Atlantic: USA (Virginia, North 
Carolina), Gulf of Mexico, Bahamas, Cuba, Cay Sal Banks, Puerto Rico, Lesser 
Antilles, Mexico, Venezuela, Guiana, and Brazil (Pernambuco, Bahia, São Paulo, 
Santa Catarina, Rio Grande do Sul). Depth range. From 129 to 1089 m.
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 124. Munida constricta A. Milne-Edwards, 1880.

Munida constricta A. Milne-Edwards, 1880: 52; Chace 1942: 34, Fig. 14; 
Pequegnat and Pequegnat 1970: 127; Melo-Filho 1998: 394; Melo-Filho 
and Melo 1992b: 766, Fig.17; Melo 1999: 180, Figs. 109, 110 a-d; Melo- 
Filho 1999: 389, Fig.  8; Melo-Filho and Melo 2001b: 1144, Figs.  8, 9; 
2001c: 42; Melo-Filho 2006: 5; Serejo et al. 2007: 140; Baba et al. 2008: 
91; Melo-Filho 2008: 34; Vazquez-Bader and Gracia 2016: 11.
Munida miles Henderson, 1888: 126 (part).

Type locality. Saint Lucie, 13° 54′N, 61°06′W. Diagnosis. Chace (1942), Melo- 
Filho (2001b). Distribution. Benthic. Western Atlantic: Cuba, Lesser Antilles, 
Brazil (Alagoas, Bahia, Espírito Santo, Rio de Janeiro, São Paulo, Santa Catarina, 
Rio Grande do Sul). Depth range. From 232 to 835 m.

 125. Munida flinti Benedict, 1902.

Munida flinti Benedict, 1902: 258, Fig. 9; Chace 1942: 57; Pequegnat and 
Pequegnat 1970: 130; Takeda 1983: 87; Melo-Filho and Melo 1992b: 765, 
Figs. 15–16; Melo-Filho and Melo 1997: 193, Fig. 2a–f; Melo-Filho 1998: 
394; Melo 1999: 182, Figs.  111, 112a–d; Melo-Filho and Melo 2001b: 
1146, Figs. 10–11; 2001c: 43; Navas et al. 2003: 195; Campos et al. 2005: 
149; Serejo et al. 2007: 140; Baba et al. 2008: 95.

Type locality. 28°44′00″N, 85°16′00″W, between Delta of Mississippi and 
Cedar Keys, Florida, USA. Diagnosis. Melo (1999). Distribution. Benthic. Western 
Atlantic: Gulf of Mexico, Lesser Antilles, Grenade, Guiana, Brazil (Alagoas, Bahia, 
Espírito Santo, Rio de Janeiro, São Paulo, Paraná, Santa Catarina and Rio Grande 
do Sul), Uruguay. Depth range. From 11 to 630 m.

 126. Munida forceps A. Milne-Edwards, 1880.

Munida forceps A.  Milne-Edwards, 1880: 49; A.  Milne-Edwards and 
Bouvier 1894: 256; A. Milne-Edwards and Bouvier 1897: 28, pl. 2, Fig. 8; 
Pequegnat and Pequegnat 1970: 131, Fig. 5/2; Williams 1988: 69, 71, 74, 
Fig. 3; Melo-Filho and Melo 1992b: 768, Figs. 18–24; Melo-Filho 1998: 
394; Melo-Filho and Melo 2001b: 1148, Figs. 12, 13; Navas et al. 2003: 
197, Figs. 9–10; Melo-Filho 2006: 8; Serejo et al. 2007: 140; Baba et al. 
2008: 96; Vazquez-Bader and Gracia 2016: 13.

Type locality. Gulf of Mexico. Diagnosis. A.  Milne-Edwards and Bouvier 
(1894), Melo-Filho (2006). Distribution. Benthic. Western Atlantic: USA (Virginia 
and Florida), Gulf of Mexico, Cuba, Venezuela, Guiana, Brazil (Alagoas, Bahia, 
Espírito Santo, Rio de Janeiro, Santa Catarina, Rio Grande do Sul), Uruguay. Depth 
range. From 73 to 950 m.

 127. Munida iris A. Milne-Edwards, 1880.

Munida iris A. Milne-Edwards, 1880: 49; Chace 1942: 33; Pequegnat and 
Pequegnat 1970: 131; Coelho et al. 1986: 137, 140, 149; Poupin 1994: 35; 
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Melo-Filho 1998: 394; Melo 1999: 188, Figs. 117, 118 a-e; Melo-Filho 
1998: 394; Melo-Filho 1999: 395, Fig. 11; Melo-Filho and Melo 2001a: 
1184, Fig. 6; 2001b: 1150, Figs. 16, 17; 2001c: 45; Melo-Filho 2006: 9; 
Serejo et  al. 2007: 140; Baba et  al. 2008: 101; Melo-Filho 2008: 36; 
Vazquez-Bader and Gracia 2016: 13.

Type locality. Off Barbados, 13°00′N, 59°36′W. Diagnosis. Melo-Filho and 
Melo (2001b), Melo-Filho (2006). Distribution. Benthic. Western Atlantic: 
Virginia, Carolinas, Gulf of Mexico, Cuba, Cay Sal Banks, Lesser Antilles, Mexico, 
Guiana, Brazil (Alagoas, Bahia, São Paulo, Santa Catarina, Rio Grande do Sul), 
Uruguay. Depth range. From 45 to 1303 m.

 128. Munida irrasa A. Milne-Edwards, 1880.

Munida caribaea Stimpson, 1860: 244; A. Milne-Edwards 1880: 49; Smith 
1881: 428; 1883: 40, pl. 3, Fig. 11; Benedict 1902: 306.
Munida irrasa A. Milne-Edwards, 1880: 49; Benedict 1902: 310; Chace 
1942: 46; Williams 1965: 105; 1984: 234; Pequegnat and Pequegat 1970: 
132; Coelho and Ramos 1972: 171; Melo-Filho and Melo 1992a: 513; 
Melo-Filho and Melo 2001a: 1153, Figs.  18–19; Melo-Filho 2006: 11; 
Serejo et al. 2007: 140; Baba et al. 2008: 107; Vazquez-Bader and Gracia 
2016: 14.

Type locality. Grenada. Diagnosis. Melo-Filho and Melo (2001a). Distribution. 
Benthic. Western Atlantic: USA (Carolinas), Gulf of Mexico, Bahamas, Antilles, 
Caribbean Sea, Brazil (Amapá, Pará, Maranhão, Espírito Santo, Rio de Janeiro, São 
Paulo, Rio Grande do Sul), and Uruguay. Depth range. From 38 to 829 m.

 129. Munida microphthalma Milne-Edwards, 1880.

Munida microphthalma Milne-Edwards, 1880: 51; Chace 1942: 40, 
Fig. 16; Pequegnat and Pequegnat 1970: 135, Fig. 4–5; Melo-Filho and 
Melo 1992a: 515; Melo-Filho 1998: 395; Melo-Filho 1998: 394; Melo-
Filho and Melo 2001a: 1157, Figs. 22–23; Serejo et al. 2007: 140; Baba 
et al. 2008: 107; Vazquez-Bader and Gracia 2016: 14.

Type locality. 13°10′N, 61°18′W, off Saint Vincent. Diagnosis. Chace (1942), 
Melo-Filho and Melo (2001a). Distribution. Benthic. Western Atlantic: Virginia, 
Gulf of Mexico, Cuba, Lesser Antilles, Brazil (Espírito Santo, São Paulo). Eastern 
Atlantic: Iceland, Porcupine abyssal plain, Bay of Biscay, Morocco, Cape Verde, 
Ascension, South African coast. Depth range. From 667 to 2165 m.

 130. Munida valida Smith, 1883.

Munida valida Smith, 1883: 42, pl. 1; Chace 1942: 32; Pequegnat and 
Pequegnat 1970: 137; Williams 1984: 237, Figs. 172–173; Melo-Filho and 
Melo 1992b: 770, Figs.  25–31; Melo-Filho 1998: 395; Melo-Filho and 
Melo 2001a: 1165, Figs. 32–33; 2001c: 49; Serejo et al. 2007: 140; Baba 
et al. 2008: 127.
Munida miles– Henderson 1888: 26.
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Type locality. 39°56′N, 70°35′W/40°01′N, 68°54′W. Diagnosis. Melo-Filho 
and Melo (1992a, b, 2001a). Distribution. Benthic. Western Atlantic: Virginia, 
Carolinas, Gulf of Mexico, Bahamas, Caribbean Sea, Colombia, Curacao, 
Venezuela, Guianas, Brazil (Alagoas, Bahia, Espírito Santo, Rio de Janeiro, Rio 
Grande do Sul). Depth range. From 90 to 2297 m.

 131. Munida victoria Melo-Filho, 1996.

Munida victoria Melo-Filho, 1996: 272, Figs. 1–7; Serejo et al. 2007: 140; 
Baba et al. 2008: 127.

Type locality. Espírito Santo, Brazil. Diagnosis. Melo-Filho (1996). 
Distribution. Benthic. Western Atlantic: Brazil (Espírito Santo). Depth range. 
From 910 to 927 m.

Family Munidopsidae Ortmann, 1898.

 132. Galacantha rostrata (A. Milne-Edwards, 1880).

Galacantha rostrata A.  Milne-Edwards, 1880: 52; Smith 1884: 355; 
Macpherson 2007: 18, Figs. 10i, j; Ahyong 2007: 4, Figs. 2c, d; Baba et al. 
2008: 62.
Munidopsis rostrata– Smith 1885: 493; Smith 1886a, b: 45, pl. 6, Figs. 1, 
1; Chace 1942: 75; Baba and Poore 2002: 239, Fig. 5; Ingle and Christiansen 
2004: 144, Figs.  117, 120; Poore 2004: 237, Fig.  65f; Macpherson and 
Segonzac 2005: 41; Serejo et al. 2007: 140.
Galacantha talismanii Filhol, 1885: pl. 3.
Galacantha investigatoris Alcock and Anderson, 1894: 173.

Type locality. Lesser Antilles, Bequia, Windward. Diagnosis. Poore (2004), 
Ahyong (2007), Macpherson (2007). Distribution. Benthic. Western Atlantic: New 
Jersey, Antilles, Colombia, Tobago, Gulf of Mexico, Cuba, Brazil (Bahia). Eastern 
Atlantic: Morocco, South Africa. Indian Ocean: Arabian Sea, Gulf of Aden, 
Zanzibar, Bay of Bengal, Moluccas, Indonesia. Pacific Ocean: Japan, Australia, 
Galapagos, Valparaiso, Chile. Depth range. From 1600 to 3800 m.

 133. Munidopsis erinacea (A. Milne-Edwards, 1880).

Galathodes erinaceus A. Milne-Edwards, 1880: 53.
Munidopsis erinacea– Henderson 1888: 149, pl. 16, Figs.  4, 4a; Chace 
1942: 90; Melo-Filho 1998: 396; Tavares and Campinho 1998: 88, 
Figs. 1–2; Serejo et al. 2007: 140; Baba et al. 2008: 141; Vazquez-Bader 
and Gracia 2016: 17.
Munidopsis erinaceus– Navas et al. 2003: 205; Campos et al. 2005: 160, 
Figs. 122, 123.

Type locality. Near Saint Lucia, West Indies. Diagnosis. Tavares and Campinho 
(1998), Campos et  al. (2005). Distribution. Benthic. Western Atlantic: Gulf of 
Mexico, Cuba, Lesser Antilles, Colombia, Suriname; Guianas; Honduras, Brazil 
(Pernambuco, Bahia, Espírito Santo, Rio de Janeiro, São Paulo). Depth range. 
From 279 to 1107 m.
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 134. Munidopsis nitida (A. Milne-Edwards, 1880).

Orophorhynchus nitidus A. Milne-Edwards, 1880: 59.
Orophorhynchus spinosus A. Milne-Edwards, 1880: 58.
Munidopsis nitida– A. Milne-Edwards and Bouvier 1894: 275, 278; Faxon 
1895: 84; Chace 1942: 73; Pequegnat and Pequegnat 1970: 153, Figs. 5–12; 
1971: 6; Pequegnat et al. 1971: 5, 8; Williams and Baba 1989: 902, Fig. 2 h; 
Tavares and Campinho 1998: 91, Figs. 3, 4; Baba et al. 2008: 151.
Munidopsis nitidus– Doflein and Balss 1913: 177.

Type locality. Guadeloupe, Dominica, Lesser Antilles. Diagnosis. Pequegnat 
(1970a, b), Tavares and Campinho (1998). Distribution. Benthic. Western Atlantic: 
Bahamas, Guadeloupe, Dominica, Gulf of Mexico, Brazil (Bahia). Eastern Atlantic: 
Gulf of Guinea. Indian Ocean: Mozambique Channel, Madagascar, Bay of Bengal, 
Gulf of Aden, Philippines, Indonesia, New Caledonia, Vanuatu and Solomon 
Islands. Pacific Ocean: Taiwan, Admiralty Islands, Gulf of Panama, Japan, Gulf of 
California. Depth range. From 1350 to 2149 m.

 135. Munidopsis polita (Smith, 1883).

Anoplonotus politus Smith, 1883: 50, pl. 2, Fig. 1, pl. 3: Fig. 1–5a.
Munidopsis polita– Benedict 1902: 324; Chace 1942: 75; Pequegnat and 
Pequegnat 1970: 155, Fig.  5.1; Poupin 1994: 39; Melo-Filho 1998: 396; 
2006: 5; 2008: 36; Baba et al. 2008: 155; Vazquez-Bader and Gracia 2016: 19.

Type locality: off Martha’s Vineyard. Diagnosis. Melo-Filho (2006), Melo- 
Filho (2008). Distribution: Benthic. Western Atlantic: Massachusetts, Virginia, 
Florida, Gulf of Mexico, Nicaragua, Lesser Antilles, Guadeloupe, Colombia, Brazil 
(São Paulo, Santa Catarina). Depth range. From 129 to 860 m.

 136. Munidopsis riveroi Chace, 1939.

Munidopsis riveroi Chace, 1939: 48; 1942: 93, Figs. 31–32; Pequegnat and 
Pequegnat 1970: 140; Campos et al. 2005: 166, Figs. 133–134; Serejo et al. 
2007: 140; Baba et al. 2008: 157; Vazquez-Bader and Gracia 2016: 19.

Type locality. Cuba, Nicholas Channel, Santa Clara. Diagnosis. Chace (1942), 
Pequegnat and Pequegnat (1970). Distribution. Benthic. Western Atlantic: 
Caribbean Sea, Honduras, Colombia, Venezuela, Cuba, Dominica, Brazil (Bahia). 
Depth range. From 260 to 659 m.

 137. Munidopsis sigsbei (A. Milne-Edwards, 1880).

Galathodes sigsbei A. Milne Edwards, 1880: 56.
Munidopsis sigsbei– Henderson 1888: 150, pl. 18, Fig. 2, 2a; Chace 1942: 
82; Tavares and Campinho 1998: 95, Figs. 5–8; Ahyong and Poore 2004: 
53, Fig. 11 b–f; Serejo et al. 2007: 140; Baba et al. 2008: 160; Vazquez- 
Bader and Gracia 2016: 20.
Munidopsis Sigsbei– A. Milne Edwards and Bouvier 1897: 83.
Munidopsis sigsbey– Navas et al. 2003: 201.
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Type locality. Guadeloupe, North of Yucatan Bank, off Frederickstadt, Santa 
Cruz, Martinique. Diagnosis. Tavares and Campinho (1998), Ahyong and Poore 
(2004). Distribution. Benthic. Western Atlantic: Gulf of Mexico, Yucatan Bank, 
Cuba, Jamaica, Lesser Antilles, Guadeloupe, Martinique, Brazil (Espírito Santo, 
Bahia). Depth range. From 677 to 1784 m.

 138. Munidopsis transtridens Pequegnat and Pequegnat, 1971.

Munidopsis transtridens Pequegnat and Pequegnat, 1971: 15; McLaughlin 
et  al. 2005: 239; Baba et  al. 2008: 166; Fierro Rengifo et  al. 2008: 9; 
Tavares et al. 2008: 95, Figs. 1a–c, 2, 3; Rodrigues and Serejo 2010: 216.

Type locality. Southeastern Gulf of Mexico. Diagnosis. Tavares et al. (2008). 
Distribution. Benthic. Western Atlantic: Florida, Guyana, southeastern Gulf of 
Mexico, Brazil (22°25′4 4.211”S-45°57′32.305”W). Depth range. From 1048 
to 1446 m.

Family Paguridae Latreille, 1802.

 139. Anisopagurus bartletti (A. Milne-Edwards, 1880).

Eupagurus bartletti A. Milne-Edwards, 1880: 41.
Pylopagurus Bartletti– A.  Milne-Edwards and Bouvier 1893: 91, pl. 7, 
Figs. 1–9.
Pylopagurus bartletti– Alcock 1905: 189; Gordan 1956: 340.
Anisopagurus bartletti– McLaughlin 1981a: 6; Abele and Kim 1986: 31, 
361, 369, fig. b; Lemaitre and McLaughlin 1996: 92, Figs. 1–4; Melo 1999: 
102, Fig.  52; McLaughlin et  al. 2010: 27; Nucci and Melo 2011: 29, 
Figs. 1b, 2b, 3b.

Type locality. Saint Vincent, Lesser Antilles. Diagnosis. Lemaitre and 
McLaughlin (1996), Nucci and Melo (2011). Distribution. Benthic. Western 
Atlantic: USA, Florida, Gulf of Mexico, Antilles, Colombia, Brazil (Pará). Depth 
range. From 50 to 550 m.

 140. Catapaguroides microps A. Milne-Edwards and Bouvier, 1892.

Catapaguroides microps A. Milne-Edwards and Bouvier, 1892: 221; 1899: 
63; 1900: 207, pl. 204, Figs. 17–20; Holthuis 1962: 243; De Saint Laurent 
1968: 935, Figs. 17, 21, 22, 24; McLaughlin 2002: 497; Lins and Cardoso 
2010: 51, Figs. 1–2; McLaughlin et al. 2010: 28.

Type locality. 33°9′N, 11°58′W, Morocco. Diagnosis. De Saint Laurent (1968), 
Lins and Cardoso (2010). Distribution. Benthic. Western Atlantic: Brazil (Rio de 
Janeiro). Eastern Atlantic: Azores, Cape Finisterre, Spain, Morocco. Pacific Ocean: 
Indonesia. Depth range. From 1067 to 1626 m.

 141. Iridopagurus iris (A. Milne-Edwards, 1880).

Spiropagurus iris A. Milne-Edwards, 1880: 44; Perrier 1893; A. Milne- 
Edwards and Bouvier 1893: 112, pl. 8, Figs.  14–25; Alcock 1905: 188; 
Gordan 1956: 341; Rabaud 1941: 190, Fig. 1; Hazlett 1966: 88.
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Iridopagurus iris– De Saint Laurent 1966: 159, Figs. 1, 3–9, 17–20, 24, 29, 
34; García-Gómez 1983: 16; Coelho and Ramos-Porto 1986: 44; Rieger 
1998: 417; Melo 1999: 110, Fig. 58; McLaughlin et al. 2010: 30; Nucci 
and Melo 2011: 33, Figs. 1e, 2e, 3e.

Type locality. Barbados. Diagnosis. Melo (1999), Nucci and Melo (2011). 
Distribution. Benthic. Western Atlantic: USA, Florida, Antilles, Brazil (Amapá, 
Alagoas, Rio de Janeiro), Uruguay. Depth range. From 60 to 700 m.

 142. Phimochirus occlusus (Henderson, 1888).

Eupagurus occlusus Henderson, 1888: 70, pl. 7, Fig. 6.
Pagurus occlusus– Gordan 1956: 332.
Pylopagurus occlusus– Forest and De Saint Laurent 1968: 145, Figs. 113, 
115–119.
Phimochirus occlusus– McLaughlin 1981a: 5; 1981b: 360, Figs. 4 g, 9c, 
10c; Coelho and Ramos-Porto 1986: 42; Rieger 1998: 416; Melo 1999: 
142, Fig.  84; McLaughlin et  al. 2010: 34; Nucci and Melo 2011: 36, 
Figs. 1 k, 2 k, 3 k.

Type locality. 9°5′ S, 34°50′W, off Pernambuco. Diagnosis. McLaughlin 
(1981b), Nucci and Melo (2011). Distribution. Benthic. Western Atlantic: Antilles, 
Brazil (Pernambuco, Alagoas, Sergipe, Bahia, Espírito santo, Rio de Janeiro, São 
Paulo). Depth range. From 100 to 640 m.

 143. Pylopagurus discoidalis (A. Milne-Edwards, 1880).

Eupagurus discoidalis A. Milne-Edwards, 1880: 41.
Pylopagurus discoidalis– A. Milne-Edwards and Bouvier 1893: 76, pl.6, 
Figs. 7–14; Williams 1965: 134, Fig. 109; 1984: 226, Fig. 162; McLaughlin 
1981a, b: 2; Coelho and Ramos-Porto 1986: 43; Rieger 1998: 416; Melo 
1999: 144, Fig.  86; McLaughlin and Lemaitre 2001: 451, Figs.  4–6; 
McLaughlin et al. 2010: 35; Nucci and Melo 2011, Figs. 1 m, 2 m, 3 m.

Type locality. Montserrat, Lesser Antilles. Diagnosis. Nucci and Melo (2011). 
Distribution. Benthic. Western Atlantic: USA (North Carolina to Florida), Gulf of 
Mexico, Antilles, and Brazil (from Amapá to Santa Catarina). Depth range. From 
55 to 930 m.

Family Parapaguridae Smith, 1882.

 144. Sympagurus dimorphus (Studer, 1883).

Eupagurus dimorphus Studer, 1883: 20, Figs. 11–12.
Sympagurus dimorphus– Lemaitre 1989: 71, Figs. 36–38, 40E–H; 1990: 
229; Lemaitre and Mclaughlin 1992: 747, Figs.  1–5; Melo 1999: 154, 
Figs. 92–93.

Type locality. Ascencion Island. Diagnosis. Lemaitre (1989), Melo (1999). 
Distribution. Benthic. Western Atlantic: Brazil (Rio Grande do Sul), Argentina. 
Eastern Atlantic: Assencion, western South Africa. Pacific Ocean: Australia, 
Tasmania, New Zaeland. Depth range. From 70 to 1995 m.
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 145. Strobopagurus gracilipes (A. Milne Edwards, 1891).

Sympagurus gracilipes A. Milne Edwards, 1891: 132; Forest 1954: 167.
Parapagurus gracilipes– Forest 1954: 103; Kensley 1973: 287.
Strobopagurus gracilipes– Lemaitre 1989: 36; 1996: 167; 2004: 364; 
Cardoso et al. 2017: 4.

Type locality. 38°26′25″N, 30°59′10″W, Azores. Diagnosis. Lemaitre (1989). 
Distribution. Benthic. Western Atlantic: Rio Grande Rise. Eastern Atlantic: from 
Portugal to Morocco, Azores, Canary, Cape Verde Islands. Pacific Ocean: New 
Caledonia, Vanuatu, Solomon Islands, Taiwan, Hawaii, French Polynesia. Depth 
range. From 75 to 1200 m.

Infraorder Brachyura Latreille, 1802.

Family Calappidae De Haan, 1833.

 146. Acanthocarpus alexandri Stimpson, 1871 (Fig. 21.6c).

Acanthocarpus alexandri Stimpson, 1871: 153; Rathbun 1937: 224, pl. 69, 
Figs. 1–2; Melo 1996: 121; Melo et al. 1998: 445; Ramos-Porto et al. 2002: 
100; Rodrigues and Young 2003: 2, Figs.  1–2; Serejo et  al. 2007: 140; 
Alves-Júnior et al. 2018d: 61, Fig. 1.

Type locality. Off the Quicksands, Florida Keys, USA. Diagnosis. Rathbun 
(1937), Melo (1996), Alves-Júnior et al. (2018c). Distribution. Benthic. Western 
Atlantic: Canada, USA (Massachusetts, North Carolina to Florida), Gulf of Mexico, 
Cuba, Porto Rico, Lesser Antilles, Dry Tortugas, Brazil (Piauí, Rio Grande do 
Norte, Bahia, Espírito Santo, Rio de Janeiro, Rio Grande do Sul). Depth range. 
From 20 to 550 m.

 147. Acanthocarpus bispinosus A. Milne Edwards, 1880.

Acanthocarpus bispinosus A.  Milne-Edwards, 1880; Powers 1977; 
Rathbun 1937: pl. 68, Figs. 1–3; Ramos-Porto et al. 2002: 101; Rodrigues 
and Young 2003: 5, Figs. 3–4; Serejo et al. 2007: 140; Alves-Júnior et al. 
2018d: 63, Fig. 2.

Type locality. Reefs of the Grenadines, Caribbean Sea. Diagnosis. Rathbun 
(1937), Alves-Júnior et al. (2018a, b, c, d). Distribution. Benthic. Western Atlantic: 
USA (Florida), Gulf of Mexico, Lesser Antilles, Grenadines Island, Dry Tortugas, 
Brazil (Rio Grande do Norte, Pernambuco, Sergipe, Bahia). Depth range. From 
200 to 552 m.

Family Chasmocarcinidae Serène, 1964.

 148. Chasmocarcinus cylindricus Rathbun, 1901.

Chasmocarcinus cylindricus Rathbun, 1901: 10; Melo 1996: 420.

Type locality. Mayaguez Harbor, Puerto Rico. Diagnosis. Melo (1996). 
Distribution. Benthic. Western Altantic: Gulf of Mexico, Lesser Antilles, Brazil 
(Rio de Janeiro, São Paulo). Depth range. From 15 to 1900 m.
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Family Cyclodorippidae Ortmann, 1892.

 149. Cyclodorippe antennaria A. Milne-Edwards, 1880.

Cyclodorippe antennaria A.  Milne-Edwards, 1880: 25; Rathbun 1937: 
104; Melo 1996: 91; Melo et al. 1998: 441.

Type locality. Gulf of Mexico. Diagnosis. Melo (1996). Distribution. Benthic. 
Western Atlantic: Gulf of Mexico, Lesser Antilles, Brazil (Rio de Janeiro). Depth 
range. From 40 to 650 m.

 150. Clythrocerus granulatus (Rathbun, 1898).

Cyclodorippe granulata Rathbun, 1898: 293, pl. 9, Fig. 1.
Clythrocerus granulatus– Melo 1996: 87; Melo et al. 1998: 441.

Type locality. off Trinidad, Caribbean Sea. Diagnosis: Rathbun (1898), Melo 
(1996). Distribution. Benthic. Western Atlantic: USA (Florida), Lesser Antilles, 
Venezuela, Brazil (Amapá, Espírito Santo, Rio de Janeiro, Rio Grande do Sul). 
Depth range. From 120 to 600 m.

Family Cymonomidae Bouvier, 1898.

 151. Cymonomoides guinotae (Tavares, 1991).

Cymonomus guinotae Tavares, 1991: 640, Figs. 7c, 8b, 9c, 10a, b, d.
Cymonomoides guinotae– Melo 1996: 98; Melo et al. 1998: 442.

Type locality. Brazil, 23°46′S, 42°09′W. Diagnosis. Tavares (1991), Melo 
(1996). Distribution. Benthic. Western Atlantic: Brazil (Espírito Santo, Rio de 
Janeiro). Depth range. From 500 to 900 m.

 152. Cymonomus guillei Tavares, 1991.

Cymonomus guillei Tavares, 1991: 639, Figs. 7b, 8d, 9b, 11d; Melo 1996: 
100; Melo et al. 1998: 442.

Type locality. 23°46′S, 42°09′W, Brazil. Diagnosis. Tavares (1991), Melo 
(1996). Distribution. Western Atlantic: Brazil (Espírito Santo, Rio de Janeiro). 
Depth range. From 590 to 730 m.

 153. Cymonomus magnirostris Tavares, 1991.

Cymonomus magnirostris Tavares, 1991: 635, Figs. 7a, 8e, 9a, 10d–f; Melo 
1996: 101; Melo et al. 1998: 443.

Type locality. 23°46′S, 42°09′W, Brazil. Diagnosis. Tavares (1991), Melo 
(1996). Distribution. Benthic. Western Atlantic: Brazil (Espírito Santo, Rio de 
Janeiro). Depth range. From 590 to 730 m.

 154. Cymonomus quadratus A. Milne-Edwards, 1880.

Cymonomus quadratus A. Milne-Edwards, 1880: Rathbun 1937: 98; 26; 
Melo 1996: 102; Melo et al. 1998: 443.
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Type locality. Gulf of Mexico. Diagnosis. Melo (1996). Distribution. Benthic. 
Western Atlantic: USA (Florida), Gulf of Mexico, Lesser Antilles, Brazil (Amapá, 
Rio de Janeiro, Paraná, Santa Catarina, Rio Grande do Sul). Depth range. From 
190 to 930 m.

Family Dromiidae De Haan, 1833.

 155. Dromia bollorei Forest, 1974.

Dromia bollorei Forest, 1974: 91, Fig. 1d, 2, 3d, 5, 6b, 7c, d; pl. 2, Fig. 1,2; 
pl. 3, Fig. 4; pl. 5, Fig. 1; Manning and Holthuis 1981: 11; Guinot and 
Tavares 2003: 94: Fig. 27b; Cleva et al. 2007: 240, Fig. 8c; Ng et al. 2008: 
33; Nunes et al. 2017: 336, Fig. 4.

Type locality. Mauritania. Diagnosis. Nunes et  al. (2017). Distribution. 
Benthic. Western Atlantic: Brazil (Saint Peter and Saint Paul Archipelago). Eastern 
Atlatic: Mauritania, Ivory Coast. Depth range. From 100 to 546 m.

Family Epialtidae MacLeay, 1838.

 156. Herbstia depressa Stimpson, 1860.

Herbstia depressa Stimpson, 1860: 185; Melo 1996: 255.
Type locality. Saint Thomas, Caribbean Sea. Diagnosis. Stimpson (1860), Melo 

(1996). Distribution. Benthic. Western Atlantic: Lesser Antilles, Venezuela, Brazil 
(Alagoas). Depth range. From 60 to 700 m.

 157. Holoplites armatus (A. Milne-Edwards, 1880).

Nibilia armata A. Milne-Edwards, 1880.
Holoplites armata– Melo 1996: 256.
Holoplites armatus– Ng et al. 2008: 103.

Type locality. Gulf of Mexico. Diagnosis. Melo (1996). Distribution. Benthic. 
Western Atlantic: Gulf of Mexico, Lesser Antilles, Brazil (Pará). Depth range. 
From 160 to 800 m.

 158. Minyorhyncha crassa (A. Milne-Edwards, 1879).

Amathia crassa A. Milne-Edwards, 1879: 203, pl. 28, Fig. 2.
Rochinia crassa– Rathbun 1925: 210, pls. 68, 69, 226; Pequegnat 1970b: 
183; Williams 1984: 322, Figs. 256, 260a; Ng et al. 2008: 105.
Minyorhyncha crassa– Tavares and Santana 2018: 213, Figs. 4, 12.

Type locality. Florida, USA. Diagnosis. Tavares and Santana (2018). 
Distribution. Benthic. Western Atlantic: Nova Scotia, Canada, USA (from Martha’s 
Vineyard to Florida), Gulf of Mexico, Caribbean Sea, Brazil (Amapá, Pará, 
Maranhão, Piauí, Ceará, Rio Grande do Norte, Paraíba, Pernambuco, Alagoas, 
Sergipe, Bahia, Espírito Santo, Rio de Janeiro, São Paulo, Paraná, Santa Catarina). 
Depth range. From 66 to 1216 m.
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 159. Scyramathia umbonata (Stimpson, 1871).

Scyra umbonata Stimpson, 1871: 115; A.  Milne-Edwards 1879: pl. 31, 
Figs. 5, 5a, 5b; Smith 1886b, 625.
Rochinia umbonata– Rathbun 1925: 222, pl. 72, pl. 73, Fig. 1; Chace 1940, 
63; Williams et  al. 1968: 61, Fig.  16; Pequegnat 1970b: 183; Williams 
1984: 323, Fig. 258; Abele and Kim 1986: 42; Griffin and Tranter 1986: 
175; Poupin 1994: 43, pl. 4 g; McLaughlin et al. 2005, 253; Wicksten and 
Packard 2005: 1762; Serejo et al. 2007: 141; Coelho et al. 2008: 17; Tavares 
et al. 2015: 1, Figs. 1–6.
Scyramathia umbonata– A. Milne-Edwards and Bouvier 1923: 381.
Amathia modesta Stimpson, 1871: 124; Miers 1886: 26.
Anamathia modesta– Smith 1885: 493; Faxon 1895: 10.
Anamathia umbonata– Rathbun 1894: 61, pl. 1, Figs. 1–3; Faxon 1895: 10.
Rochinia confusa Tavares, 1991: 162; Melo 1996: 266; Melo 1998: 471; 
Coelho et al. 2008: 17.

Type locality. Off Sand Key, Florida. Diagnosis. Williams (1984), Tavares 
(1991). Distribution. Benthic. USA (from North Carolina to Gulf of Mexico), 
Nicaragua, West Indies, and Brazil (Amapá, Pará, Pernambuco, Bahia, Espírito 
Santo, Rio de Janeiro). Depth range. From 161 to 900 m.

Family Ethusidae Guinot, 1977.

 160. Ethusa microphthalma Smith, 1881.

Ethusa microphthalma Smith, 1881: 418; Melo 1996: 107; Melo et  al. 
1998: 443.

Type locality. Long Island, from 39°46′ to 40°06′N, 70°22′ to 71°10′W. Diagnosis. 
Melo (1996). Distribution. Benthic. Western Atlantic: USA (Massachussets to 
Florida), Gulf of Mexico, Lesser Antilles, Brazil (São Paulo). Depth range. From 
110 to 750 m.

 161. Ethusina abyssicola Smith, 1884.

Ethusina abyssicola Smith, 1884: 349, pl. 2, Figs. 1, la; Melo 1996: 109; 
Melo et al. 1998: 443.

Type locality. 38°52′40″N, 09°24′40″W; 38°53′00″N, 00o23´30″W; 37°41′20″N, 
73°03′20″W. Diagnosis. Melo (1996). Distribution. Benthic. Western Atlantic: 
USA (Massachussets to North Carolina), Gulf of Mexico, Brazil (Rio de Janeiro). 
Eastern Atlantic: Spain; Mediterranean Sea. Depth range. From 850 to 4050 m.

Family Geryonidae Colosi, 1923.

 162. Chaceon gordonae (Ingle, 1985).

Geryon gordonae Ingle, 1985: 90, Figs. 1, 2, 5a.
Chaceon gordonae– Manning and Holthuis 1989: 8; Afonso-Dias et  al. 
2008: 1, Fig. 2a; Nunes et al. 2017: 333, Fig. 2.
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Type locality. West Africa. Diagnosis. Ingle (1985), Afonso-Dias et al. (2008), 
Nunes et  al. (2017). Distribution. Benthic. Western Atlantic: Brazil (Saint Peter 
and Saint Paul Archipelago). Eastern Atlantic: Iceland, Sierra Leone, São Tomé, and 
Príncipe. Depth range. From 100 to 2000 m.

 163. Chaceon notialis Manning and Holthuis, 1989.

Chaceon notialis Manning and Holthuis, 1989: 59, Figs. 14, 15; Tavares 
and Pinheiro 2011: 66.
Geryon quinquedens– Juanico 1973:145; Scelzo and Valentini 1974: 561, 
Figs. 1–2 (part); Boschi 1976: 66; Barea and Defeo 1985:189, Fig. 1.

Type locality. 38°55′S, 55°35′W, Argentina. Diagnosis. Manning and Holthuis 
(1989). Distribution. Benthic. Western Atlantic: Brazil (Espírito santo, Rio de 
Janeiro, São Paulo), Uruguay, Argentina. Depth range. From 120 to 800 m.

 164. Chaceon ramosae Manning et al., 1989.

Chaceon ramosae Manning et al., 1989: 646, Figs. 2–3; Melo 1998: 480; 
Serejo et al. 2007: 140; Tavares and Pinheiro 2011: 66.
Geryon quinquedens– Rathbun 1937: 270 (part); Scelzo and Valentini 
1974: 561 (part).

Type locality. 21o31′S, 40o07′W, Espírito Santo, Brazil. Diagnosis. Manning 
et al. (1989). Distribution. Benthic. Western Atlantic: Brazil (Espírito Santo, Rio de 
Janeiro, São Paulo). Depth range. From 601 to 1228 m.

 165. Chaceon sanctaehelenae Manning and Holthuis, 1989.

Chaceon sanctaehelenae Manning and Holthuis, 1989: 71; Afonso-Dias 
et al. 2008: 1; Fransen 2014: 302; Tavares and Pinheiro 2011: 66; Cardoso 
et al. 2017: 4.

Type locality. 15o58′S, 05o43′W, Sandy Bay, St. Helena. Diagnosis. Manning 
and Holthuis (1989). Distribution. Benthic. Western Atlantic: Rio Grande Rise. 
Eastern Atlantic Ocean: St. Tome, St. Helena. Depth range. From 500 to 1200 m.

 166. Chaceon linsi Tavares and Pinheiro, 2011.

Chaceon linsi Tavares and Pinheiro, 2011: 58, Figs. 1a, 2a, 3a–c, 4a, d, f.
Chaceon fenneri– Oliveira et  al. 1999: 50; Cunha et  al. 1999: 531; 
Sankarankutty et al. 2001: 649; Carvalho et al. 2009: 572.

Type locality. 01°45.231′S, 38°15.444′W, Ceará, Brazil. Diagnosis. Tavares and 
Pinheiro (2011). Distribution. Benthic. Western Atlantic: Brazil (Ceará, Rio Grande 
do Norte). Depth range. From 529 to 709 m.

Family Goneplacidae Macleay, 1838.
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 167. Bathyplax typhla A. Milne-Edwards, 1880 (Fig. 21.7a).

Bathyplax typhlus A. Milne-Edwards, 1880: 16; Coelho and Coelho-Filho 
1993: 560.
Bathyplax typhlus var. oculiferus Miers, 1886: 230; Tavares 1996: 414.
Bathyplax typhla– Rathbun 1918: 19; Chace 1940: 43; Pequegnat 1970a, b: 
192; Powers 1977: 112; Melo 1996: 399; Melo 1998: 491; Serejo et  al. 
2007: 140.

Type locality. Frederickstadt, Saint Croix. Diagnosis. Chace (1940), Melo 
(1996). Distribution. Benthic. Western Atlantic: North Caroline, Florida, Gulf of 
Mexico, Cuba, Guadelupe, St. Croix, Saint Lucia, Brazil (Pernambuco, Alagoas, 
Bahia, Espírito Santo, Rio de Janeiro, São Paulo). Depth range. From 220 
to 1100 m.

Family Homolidae De Haan, 1839.

 168. Homola minima Guinot and Richer de Forges, 1995.

Homola minima Guinot and Richer de Forges, 1995: 326, Figs. 8c, d, f, 9b; 
Nizinski 2003: 123; Felder et al. 2009: 1072; Tavares and Lemaitre 2014: 
514, Figs. 6–9; Nunes et al. 2017: 339, Fig. 6.

Fig. 21.7 (a) Bathyplax typhla A. Milne-Edwards, 1880; (b) Homolodromia monstrosa Martin 
et  al., 2001; (c) Myropsis quinquespinosa Stimpson, 1871. All sampled by REVIZEE/Score 
Central, deposited at Museu Nacional/UFRJ (unknown catalogue number). Scale bars = 1 cm
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Thelxiope barbata– Rathbun 1937: 63, Fig. 16, Table 17, pl. 15, Figs. 1–2; 
Chace 1940: 8.
Homola barbata– Williams 1984: 261, Fig.  193; Melo 1996: 75; 1999: 
440, Fig. 2.

Type locality. Off Delaware. Diagnosis. Guinot and Richer de Forges (1995), 
Tavares and Lemaitre (2014), Nunes et al. (2017). Distribution. Benthic. Western 
Atlantic: USA (Massachusetts to Florida), Gulf of Mexico, Caribbean Sea, 
Suriname, Brazil (Rio Grande do Norte, Saint Peter and Saint Paul Archipelago), 
Uruguay. Depth range. From 55 to 700 m.

 169. Homologenus rostratus (A. Milne-Edwards, 1880).

Homolopsis rostratus A. Milne-Edwards, 1880: 34.
Homologenus rostratus– Rathbun 1937: 70; Chace 1940: 9; Manning and 
Holthuis 1981: 25; Guinot and Richer de Forges 1995: 471; Cleva et al. 
2007: 250; Serejo et al. 2007: 141; Felder et al. 2009: 1072; Almeida et al. 
2010: 360; Tavares and Lemaitre 2014: 520, Fig. 6c.

Type locality. Antilles, between St. Thomas and St. Croix. Diagnosis. A. Milne- 
Edwards (1880). Distribution. Benthic. Western Atlantic: USA (Delaware to 
Florida), Straits of Florida, Gulf of Mexico, Cuba, Venezuela, and Brazil (Rio 
Grande do Norte, Bahia). Eastern Atlantic: Azores, Madeira, Morocco. Depth 
range. From 600 to 2195 m.

Família Homolodromiidae Alcock, 1899.

 170. Homolodromia monstrosa Martin et al., 2001 (Fig. 21.7b).

Homolodromia monstrosa Martin et al., 2001: 319, Figs. 4–7; Serejo et al. 
2007: 141; Tavares and Lemaitre 2014: 512, Fig. 1c, d.

Type locality. Paramaribo, Suriname, and Georgetown, French Guiana. 
Diagnosis. Martin et  al. (2001). Distribution. Benthic. Western Atlantic: USA, 
Florida, Gulf of Mexico, Caribbean Sea, Honduras, Nicaragua, Panama, Colombia, 
Suriname, French Guiana, Brazil (Rio Grande do Norte). Depth range. From 375 
to 918 m.

 171. Homolodromia paradoxa A. Milne-Edwards, 1880.

Homolodromia paradoxa A. Milne-Edwards, 1880: 33; Takeda 1983: 112; 
Martin et al. 2001: 314; Tavares and Lemaitre 2014: 511, Fig. 5.

Type locality. Nevis, Lesser Antilles. Diagnosis. A.  Milne-Edwards (1880). 
Distribution. Benthic. Western Atlantic: Gulf of Mexico, Caribbean Sea, Suriname, 
Brazil (Bahia). Depth range: From 549 to 933 m.

Family Inachidae MacLeay, 1838.

21 Catalogue of Typical Deep-Sea Decapod Fauna from Brazilian Waters



558

 172. Anomalothir furcillatus (Stimpson, 1871).

Anomalopus furcillatus Stimpson, 1871: 125.
Anomalothir furcillatus– Melo 1996: 181; Melo 1998: 457.

Type locality. The Samboes, Straits of Florida, USA. Diagnosis Stimpson 
(1871), Melo (1996). Distribution. Benthic. Western Atlantic: USA (North Carolina 
to Florida), Gulf of Mexico, Lesser Antilles, Brazil (Bahia, Espírito Santo, Rio 
Grande do Sul, São Paulo, Paraná, Santa Catarina, Rio de Janeiro). Depth range. 
From 50 to 690 m.

Family Inachoididae Dana, 1851.

 173. Euprognatha acuta A. Milne-Edwards, 1880.

Euprognatha acuta A. Milne-Edwards, 1880; Melo 1996: 204; Melo 1998: 
460.

Type locality. Gulf of Mexico. Diagnosis. Melo (1996). Distribution. Benthic. 
Western Atlantic: USA (Massachusetts to Florida), Gulf of Mexico, Lesser Antilles, 
Guianas, Brazil (Amapá to Rio Grande do Sul). Depth range. From 15 to 710 m.

Family Leucosiidae Samouelle, 1819.

 174. Myropsis quinquespinosa Stimpson, 1871 (Fig. 21.7c).

Myropsis quinquespinosa Stimpson, 1871: 157; Melo 1996: 149; Melo 
et al. 1998: 450; Torres et al. 2002: 109, Fig.1; Serejo et al. 2007: 140; 
Coelho et al. 2008: 14.

Type locality. Off Tennessee Reef. Diagnosis. Melo (1996). Distribution. 
Benthic. Western Atlantic: Massachusetts, North Carolina, Florida, Gulf of Mexico, 
Antilles, Colombia, Venezuela, Suriname, Brazil (Bahia, Rio de Janeiro, São Paulo, 
Santa Catarina, Paraná, Rio Grande do Sul), Uruguay, Argentina. Depth range. 
From 90 to 1047 m.

Family Mathidellidae Karasawa and Kato, 2003.

 175. Neopilumnoplax americana (Rathbun, 1898).

Pilumnoplax americanus Rathbun, 1898: 283.
Neopilumnoplax americana– Rathbun 1918: 21; Melo 1998: 492.

Type locality. Georgia. Diagnosis. Rathbun (1898). Distribution. Benthic. 
Western Atlantic: USA (North Carolina to Florida), Gulf of Mexico, Cuba, Lesser 
Antilles, Brazil (Bahia, Espírito Santo, São Paulo). Indian Ocean: Arabian Sea. 
Depth range. From 130 to 800 m.

Family Parthenopidae MacLeay, 1838.

 176. Solenolambrus typicus Stimpson, 1871.

Solenolambrus typicus Stimpson, 1871: 133; Melo 1996: 293; Melo 1998: 
474.
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Type locality. Off The Samboes and off Alligator Reef, Straits of Florida, 
USA. Diagnosis. Stimpson (1871), Melo (1996). Distribution. Benthic. Western 
Atlantic: USA (North Carolina to Florida), Gulf of Mexico, Lesser Antilles, Brazil 
(Rio de Janeiro). Depth range. From 90 to 620 m.

Family Palicidae Bouvier, 1898.

 177. Palicus acutifrons (A. Milne-Edwards, 1880)

Cymopolia acutifrons A. Milne-Edwards, 1880.
Palicus acutifrons Melo, 1996: 501; Melo 1998: 507; Serejo et al. 2007: 141.

Type locality. Bahia, Brazil. Diagnosis. Melo (1996). Distribution. Benthic. 
Western Atlantic: Brazil (Bahia, Espírito Santo). Depth range. From 30 to 900 m.

Family Plagusiidae Dana, 1851.

 178. Euchirograpsus americanus A. Milne-Edwards, 1880.

Euchirograpsus americanus A. Milne-Edwards, 1880; A. Milne-Edwards 
and Bouvier 1894; Rathbun 1918; Türkay 1975; Melo 1996: 476; Melo 
1998: 503; Alves-Júnior et al. 2016c: 3, Fig. 1a, c.

Type locality. Gulf of Mexico. Diagnosis. A.  Milne-Edwards and Bouvier 
(1894), Rathbun (1918), Türkay (1975), Melo (1996). Distribution. Benthic. 
Western Atlantic: Canada (Bay of Fundy), USA (North and South Carolina, 
Massachusetts, New Jersey, Louisiana, Florida), Gulf of Mexico, Dry Tortugas, 
Cuba, Caribbean Sea, Antilles, West Indies, Barbados, Colombia, Venezuela and 
Brazil (Rio Grande do Norte, Rio Grande do Sul). Depth range. From 10 to 510 m.

Family Portunidae Rafinesque, 1815.

 179. Achelous spinicarpus Stimpson, 1871.

Achelous spinicarpus Stimpson, 1871: 148.
Portunus spinicarpus– Williams 1965: 167 (part), Fig. 150; Holthuis 1969: 
415, Fig. 1; Coelho and Ramos 1972: 187; Felder 1973: 60, pl. 8, Fig. 13; 
Williams 1984: 392, Fig. 308; Melo 1998: 480; Serejo et al. 2007: 141; 
Rodrigues et al. 2017: 5, Fig. 3a.

Type locality. 24o23′N, 82o57′W, Florida Straits, USA. Diagnosis. Williams 
(1984), Rodrigues et  al. (2017). Distribution. Benthic. Western Atlantic: USA 
(North Carolina, South Carolina, Florida), Gulf of Mexico, Antilles, Colombia, 
Venezuela, Guiana, Brazil (Amapá, Pará, Maranhão, Piauí, Ceará, Rio Grande do 
Norte, Paraíba, Pernambuco, Alagoas, Sergipe, Bahia, Espírito santo, Rio de Janeiro, 
São Paulo, Paraná, Santa Catarina, Rio Grande do Sul). Depth range. From shallow 
waters to 910 m.

 180. Bathynectes longispina Stimpson, 1871.

Bathynectes longispina Stimpson, 1871: 146; Abele and Kim 1986: 52; 
Tavares 2003: 1, Figs. 1, 2; Torres et al. 2006: 134, Fig. 1; Nunes et al. 
2017: 335, Fig. 3.
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Bathynectes superba– Milne-Edwards and Bouvier 1900: 65; 1923: 311; 
Rathbun 1930: 28, pls. 9, 10; Powers 1977: 72.

Type locality. USA, Florida. Diagnosis. Tavares (2003), Torres et  al. (2006). 
Distribution. Benthic. Western Atlantic: USA (Massachusetts to Florida), Gulf of 
Mexico, Cuba, Brazil (Rio Grande do Norte, Saint Peter and Saint Paul Archipelago, 
Pernambuco, Alagoas, Bahia, Espírito Santo). Depth range. From 260 to 546 m.

Family Xanthidae MacLeay, 1838.

 181. Allactaea lithostrota Williams, 1974.

Allactaea lithostrota Williams, 1974: 19, Figs. 1–3; Melo 1996: 340; Melo 
1998: 481.

Type locality. 43′N, 76°40′W SE, Cape Lookout, North Carolina, 
USA. Diagnosis. Williams (1974), Melo (1996). Distribution. Benthic. Western 
Atlantic: USA (North Carolina to Florida), Gulf of Mexico, Lesser Antilles, Brazil 
(Rio de Janeiro, São Paulo, Paraná, Santa Catarina, Rio Grande do Sul). Depth 
range. From 50 to 640 m.

21.4  Discussion

Among the 181 species reported herein, 6 have economic relevance for fisheries and 
have been directly exploited in the Brazilian deep sea: Aristaeomorpha foliacea, 
Aristaeopsis edwardsiana, Aristeus antillensis, Chaceon notialis, C. ramosae, and 
C. linsi. According to Dallagnolo et al. (2009a), the three Aristaeidae shrimps are 
fishery targets since 2002 in Brazilian deep waters, from 18°S and 34°S and 700 and 
800 m depth. Aristaeopsis edwardsiana is called “carabinero” shrimp, and it has 
been the most caught Aristeidae species (456,710 kg) in this area between 2002 and 
2007; Aristaeomorpha foliacea (also called the “carabinero” shrimp) is the second 
most caught Aristeidae species (121,497 kg), while Aristeus antillensis (“alistado” 
shrimp) is the third most caught Aristeidae species (27,919 kg). Dallagnolo et al. 
(2009b) published a management plan for shrimp fisheries in south and southeast-
ern Brazilian slope waters and affirm that it is clear that the stock of these species is 
in biologic danger due to overexploitation.

According to Tavares and Pinheiro (2011), Chaceon notialis and C. ramosae 
have been fished in the southwestern Atlantic since the 1980s. According to Perez 
et al. (2009), landings of C. notialis and C. ramosae from Brazilian waters were 
about 6 and 4 tons between 2000 and 2006. These species are now overexploited 
and their fishing is not allowed anymore. Also according to Tavares and Pinheiro 
(2011), “between 2003 and 2007 Chaceon linsi was fished in northeastern Brazil 
either as C. fenneri or Chaceon sp., where captures fluctuated between about 23 
(2003) and 3 tons (2007)” (Lessa 2006; Carvalho et al. 2009).
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Interestingly, some species reported herein are rare, like the caridean shrimp 
Bathypalaemonella texana recorded only twice in literature, in the original descrip-
tion (Gulf of Mexico; Pequegnat 1970a) and by Cardoso (2010a, b) in Brazilian 
waters. Other species are very difficult to sample as in the case of Odontozona 
lopheliae, a stenopodid from deep-water coral reefs that was sampled using sub-
mersibles (ROV at Campus Basin, Brazil, and Johnson Sea Link at primarily two 
locations, Green Canyon and Viosca Knoll, Gulf of Mexico) (Goy and Cardoso 2014).

Eupasiphae gilesii is recorded herein for the first time in the western Atlantic. 
The examined material fits very well with the descriptions of Tirmizi (1969) and 
Crosnier (1988b). Other eight caridean species had their  geographic ranges extended 
in Brazilian waters mainly to Ceará and Rio Grande do Norte states and Rocas Atoll 
and Fernando de Noronha Archipelago, thanks to samples obtained during the 
BPOT and ABRAÇOS projects (Table 21.1).

A total of 181 species were listed in this catalogue and belong to the following 
major groups of Decapoda: 32 Dendrobranchiata, 68 Caridea, 31 Anomura, 36 
Brachyura, 5 Astacidea and 5 Polychelida, 2 species of Achelata, and 1 species each 
of Stenopodidea and Axiidea. As expected, the shrimp fauna was more diverse than 
the crab and lobster fauna, although the global diversity of Brachyura exceeds that 
of the Dendrobranchiata and Caridea. The same pattern has been reported by other 
authors working with Decapoda in relevant deep-sea oceanographic projects. 
Company et al. (2004), for instance, worked with central Mediterranean material 
sampled by DESEAS project survey and found 32 Decapoda species, including 21 
species of shrimps (Dendrobranchiata and Caridea) and 11 species each of crabs, 
lobsters, and anomurans. Serejo et al. (2007) working with material from Brazilian 
deep-sea region sampled during the REVIZEE Central project found 65 species of 
shrimp, 15 of lobsters, 17 of anomurans, and 19 of brachyurans. Aspects related 
with vertical migration ability, reproduction, and use of resources should be related 
with this diversity pattern, but more studies on deep-sea Decapoda biology are nec-
essary to understand it.
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Chapter 22
An Annotated Checklist and Bibliography 
of Deep-Water Isopods and Decapod 
Crustaceans from Chile, Including 
the Submarine Ridge Salas y Gomez 
and Nazca Plates

M. A. Retamal, G. Guzmán, and P. De los Ríos-Escalante

Abstract A list of deep-water species (> 200 m depth) of isopods and decapod 
crustaceans from off Chile is presented, including the areas of South America, the 
Antarctic, and offshore islands. Also included are the species that were collected in 
the Nazca and Sala y Gómez seamounts areas during the ex-Soviet Union 
Expeditions in the 1970s (1973–1978), although not all species found during these 
expeditions have not yet been recorded for Chilean waters but in international 
waters. Isopods were represented by nine species only, four in the Perú-Chile 
Trench, three off Chiloé, and two in the Magellan Strait. In the case of the decapods, 
143 species have been reported in Chile, mostly within the suborder Pleocyemata 
(134 spp.). These 143 species are grouped in 42 families, 5 of these in the 
Dendrobranchiata.
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22.1  Introduction

With over 12,000 described species (Appletans et al.  2012; Poore and Bruce 2012), 
isopods and decapods crustaceans it is the of the most abundant group of Crustacea. 
In Chilean waters, this group is represented by about 475 species (Retamal and 
Moyano 2010; Retamal and Ferrada 2016), thus representing about 4% of known 
species of the world. Chile is a three continents country, and its coasts are under the 
influence of subantarctic, insular, and continental waters. The continental coast, 
measured along a straight line, is about 4000 km long. The Chilean maritime terri-
tory includes several insular territories, which are the Juan Fernández Archipelago, 
Desventuradas Islands with two main islands (San Felix and San Ambrosio islands), 
the isolated territories of Easter Island, and the tiny Sala y Gómez Island. 
Remarkably, Easter and Sala y Gomez islands are inhabited by both tropical species 
linked to the Indo-Pacific Ocean and by species with affinities to the Antarctic terri-
tory fauna, between 56°W and 93°W. In these islands, the isopods and crustaceans 
fauna is very scarce. The northern Chilean continental waters have an average tem-
perature of 20  °C, while the southern waters can reach extreme temperatures of 
3–4 ° C. Consequently, we find a low variety of isopod and decapod crustaceans in 
the area, from typical tropical species to subantarctic species.

The list included in this contribution is mostly based on previously published 
literature and on some unpublished information. Deep-water benthic isopods have 
been studied first by Beddard (1886), Menzies (1962), and Brandt (1998) in Chiloé 
islands. Other contributions deal with northern Chile (Brusca and Ninos 1978; 
Brandt and Wägele 1989; Aydogan et al. 2000) and the Magellan Strait (Park and 
Wagele 1965; Lorenti and Mariani 1997). Benthic and pelagic deep-water 
Dendrobranchiata (shrimps) of Chile have been studied mostly by G. Guzmán who 
produced several contributions on this group of species (e.g., Guzmán and Wicksten 
1998, 2000; Guzmán 2004, 2008). Deep-water Pleocyemata (lobsters, hermit crabs, 
squat lobsters, and true crabs) of Chilean waters has been studied by many authors 
since the first British expeditions (R/V “Beagle” in 1831–1836; the H.M.S. “Challenger” 
in 1873–1876) and North American expeditions (U.S.S.  
“Albatross” in 1888, and U.S.S. “Blake” in 1885–1889) visited the area. More 
recently, the Swedish Expedition “Lund” (1948–1949) and the Royal Society of 
Chile Expedition (1958–1959) also made significant contributions to the study of 
this fauna. In addition, several isolated pioneer contributions were proposed by 
Molina (1782), Poeppig (1835), d’Orbigny (1842), Philippi (1887), Porter (1901), 
and Rathbun (1907). Later in the XX century, starting in the 1950s, a long list of 
contributions was the result of a large group of young Chilean scientists with strong 
interest for decapod crustaceans (e.g., Guzmán 2003, 2004, 2008).

Between 1950 and 1970, Soviet expeditions have explored the area, collecting 
and identifying a significant amount of deep-water species of decapods on the 
Nazca and Salas y Gómez Plates, referred to as “the oceans ridge,” near the Juan 
Fernandez Archipelago. Several species were also collected slightly further than the 
Chilean EEZ boundary (Parin et al. 1997). In these contributions (i.e., Vereshchaka 
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1990; Parin et al. 1997; Zhadan 1997), some species collected near the Chilean 
offshore islands (Pascua and Salas y Gómez) were included because they occur 
within the limits of Chile Exclusive Economic Zone (EEZ). Other species were 
captured much further from Chilean territories (> 350 nm offshore), in international 
waters, and were also included in this contribution as they might also occur closer 
to the continent. Species of this group have been collected mainly on the submerged 
ridge Sala y Gómez and Nazca during the 15° cruise of the R/V “Professor 
Metsayev,” the 5° cruise of the R/V “Ikhtiandr” (VNIRO), and the 18° cruise of the 
R/V “Professor Stockman”. They were found in Chilean waters, near the continent 
but also near the Juan Fernandez Archipelago, and several species occur slightly 
further than the EEZ boundary (see Parin et al. 1997). Isopod records were obtained 
by literature reviewing (Beddard 1886; Menzies 1962; Park and Wagele 1965; 
Brusca and Ninos 1978; Brandt and Wägele 1989; Lorenti and Mariani 1997; Brandt 
1998; Aydogan et al. 2000). The list included in this contribution is mostly based on 
previously published literature and on some unpublished information.

22.2  Material and Methods

Literature dealing with isopods and decapod crustaceans of Chile was reviewed, 
and a list of species occurring deeper than 200 m was established. Distribution in 
Chilean waters is provided for each species, either as a geographic range or as 
more specific localities (latitude and longitude provided when available), together 
with the depth range recorded in the area. Species originally collected and/or 
reported by the Soviet expeditions are indicated (*) and are those reported by 
Burukovsky (1990), Vereshchaka (1990), Parin et al. (1997), Zhadan (1997), and 
Zarenkov (1990).

Species have been classified according to De Grave et  al. (2009), Poore, and 
Bruce (2012), and recent changes included in WoRMS (WoRMS editorial board, 
2020). Within each family and genus, genera and species are classified in alphabetic 
order. In this contribution we have focused more on records of bentho-demersal or 
bentho-pelagic species than on pelagic species. For further information on pelagic 
species, see the contribution in this volume by Guzmán and Olguin (Chap. 12).

22.3  Results

22.3.1  Systematic Section

Superorder Peracarida.
Order Isopoda.
Suborder Asellota.
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Superfamily Janiroidea.
Family Ischnomesidae Hansen, 1916.
1. Ischnomesus bacilloides (Beddard, 1886) [= Ischnosoma bacilloides Beddard, 

1886, former name basionym]. 42°43′S, 82°11′W, 2610 m (Beddard 1886).
Family Joeropsididae Nordenstam, 1933.
2. Joeropsis bidens Menzies, 1962. Gulf of Ancud, 42°46′S, 72°59′W, 250–300 m 

and intertidal zone (Menzies 1962).
Family Macrostylidae Hansen, 1916.
3. Macrostylis dellacrocei Aydogan, Wägele and Park, 2000. 23°15′S, 71°21′W, 

7800 m (Aydogan et al. 2000).
Family Munnopsidae Lilljeborg, 1864.
4. Munneurycope hadalis Aydogan, Wägele and Park, 2000. 23°15′S, 71°21′W, 

7800 m (Aydogan et al. 2000).
Suborder Cymothoida.
Superfamily Cymothooida.
Family Cirolanidae Dana, 1852.
5. Cirolana diminuta Menzies, 1962. Peru-Chile (?), 40–2000, dominant at 

depth > 700 m (Brusca and Ninos 1978).
6. Natatolana pastorei (Giambiagi, 1925). Magallanes Strait (no specific locality), 

120–515 m. (Lorenti and Mariani 1997).
Suborder Sphaeromatidea.
Superfamily Sphaeromatoidea.
Family Sphaeromatidae Latreille, 1825.
7. Caecocassidias patagonica Kussakin, 1967. 43°40′S, 59°35′W, 400–500  m 

(Brandt 1998).
8. Exospharoma gigas (Leach, 1818). Peru-Chile (no specific locality), 0–270 m 

(Brandt and Wägele 1989).
Suborder Valvifera.
Family Rectarcturidae Poore, 2001.
9. Rectarcturus tuberculatus Schultz, 1981. Magallanes Strait (no specific locality), 

35–3500 m (Lorenti and Mariani 1997; Park and Wagele 1965).

Superorder Eucarida.
Order Decapoda.
Suborder Dendrobranchiata.
Family Aristeidae Wood-Mason, 1891.
1. Aristaeomorpha foliacea (Risso, 1827) (*). Close to seamount Dome Salas y 

Gómez Ridge (25°04′S, 97°26′W), 200–800 m depth (Burukovsky 1990).
Family Benthesicymidae.
2. Benthoecetes tanneri (Faxon, 1893). From 18°45′S to 21°19′S, 505–520  m 

(Guzmán and Wicksten 2000).
3. Dalicaris altus (Spence Bate, 1881). 18°25′S, 485  m, and 20°47′S, 950  m 

(Guzmán and Wicksten 2000).
4. Maorrancaris investigatoris (Alcock and Anderson, 1899) (*). Seamounts 

Amber, Pearl, and Ichthyologist, Salas y Gomez Ridge (Burukovsly 1990).
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Family Solenoceridae Wood-Mason, 1891.
5. Hadropenaeus lucasii Bate, 1881 (*). Seamounts Big, Yarala, Pearl, MayDay, 

Dome, and Cliff of the Salas y Gomez Ridge (Burukovsky 1990).
6. Haliporoides diomedeae (Faxon, 1893) Arica (18°25′S, 71°22′W) to Puerto 

Bueno (50°59′S, 74°13′W), 240–1886 m (Retamal 1994b).
7. Hymenopenaeus halli Bruce, 1966 (*). Off Seamount Ichthyologist, Salas y 

Gómez Ridge (25°07′S, 99°35′W) (Burukovsky 1990).
Family Sicyoniidae Ortmann, 1898.
8. Sicyonia nasica Burukovsky, 1990 (*). Off seamounts Dome, New, Dorofeeva, 

and Yarala, Salas y Gomez Ridge (Burukovsky 1990).
Family Penaeidae Rafinesque, 1815.
9. Metapenaeopsis stokmani Burukovsky, 1990 (*). Seamounts Big and Dome, 

Salas y Gomez Ridge (Burukovsky).

Suborder Pleocyemata.
Infraorder Stenopodoidea.
Family Spongicolidae Schram, 1986.
10. Spongicoloides aff. galapagensis Goy, 1980. Off Cobquecura (36°00′S), 1000 m 

(Guzmán and Sellanes 2011).
11.  Spongicola parvispina Zarenkov, 1990 (*). Seamount Ichthyologist, Salas y 

Gomez Ridge (Zarenkov 1990).

Infraorder Caridea.
Family Nematocarcinidae Smith, 1884.
12.  Nematocarcinus lanceopes Bate, 1888. Off Chiloé (42°35′S, 74°48′W), 276–

597 m (Guzmán and Quiroga 2005).
13.  Nematocarcinus longirostris Bate, 1888. SW of Valparaíso (33°02′S, 71°06′W) 

to SW of Valdivia, (39°48′S, 73°14′W) 2516–2654 m (Retamal 1994b).
14.  Nematocarcinus aff. productus Bate, 1888. Off Antofagasta (22°48′S, 70°23′S), 

1775 m (Guzmán and Quiroga 2005).
15.  Nematocarcinus pseudocursor Burukovsky, 1990 (*). In seamount “Soldier” of 

Nazca Ridge and Seamounts Ichthyologist, Pearl, and Amber og Salas y Gomez 
Ridge (Burukovsky 1990).

16.  Nematocarcinus undulatipes Bate, 1888 (*). Seamount South Tropic, Nazca 
Ridge, and Seamount Ichthyologist, Salas y Gomez Ridge (Burukovsky 1990).

Family Processidae Ortmann, 1896.
17.  Processa pygmaea Burukovsky, 1990 (*). Seamounts Dome and Ichthyologist, 

Salas y Gomez Ridge (Burukovsky 1990).
Family Campylonotidae Solaud, 1913.
18.  Campylonotus semistriatus Bate, 1888. Off Iquique (20°12′S, 70°09′W) to 

Chernuca Harbor (52°45′S, 73°46′W), 276–1424 m (Torti and Boschi 1976).
19.  Campylonotus vagans Bate, 1888. Valparaíso (33°02′S, 71°06′W) to Wollaston 

Islands, 18–320 m (Torti and Boschi 1976).
Family Alpheidae Rafinesque, 1815.
20.  Alpheus romensky Burucovsky, 1990 (*). Seamount Pearl, Salas y Gomez Ridge 

(Burukovsky 1990).
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Family Hippolytidae Bate, 1888.
21.  Chorismus antarcticus (Pfeffer, 1887). Andvord Bay, Antarctic, 15–915  m 

(Holthuis 1952).
Family Thoridae Kingsley, 1879.
22.  Eualus dozei (A.  Milne-Edwards, 1891). From off Concepción (36°33′S) to 

Grey Island (55°6′S, 67°40′W), 15–270 (Retamal 1994a).
23.  Lebbeus antarcticus Hale, 1941. From off Antofagasta to southern Chile, 1775–

2598 m (Guzmán and Quiroga 2005).
24.  Lebbeus bidentatus Zarenkov, 1976. Peru-Chile Trench, 1680 m (Wicksten and 

Méndez 1982). Not reported off Chile, but the Peru-Chile Trench connects to 
the deep water in the SEP.

25. Lebbeus carinatus Zarenkov, 1976. Off Chile, 1800 m (Zarenkov 1976).
26.  Lebbeus scripssi Wicksten and Méndez, 1982. Off Arica (18°40′S, 70°36.00′W), 

768–968 m (Wicksten and Méndez 1982).
27. Leontocaris pacificus Zarenkov, 1976. Off Chile, 600–700 m (Zarenkov 1976).
28.  Merhippolyte aff. americana Holthuis, 1961. 42°35.35′S, 74°48.33′W, 507 m 

(Guzmán and Quiroga 2005).
Family Physetocarididae, Chace, 1940.
29.  Physetocaris microphthalma Chace. Off Arica (18°25′S, 71°43′W), 513  m. 

(Guzmán 1999).
Family Palaemonidae Rafinesque, 1815.
30.  Bathymenes alcocki (Kemp, 1922) (*). Seamounts Cliff and Dome, Salas y 

Gomez Ridge (Burukovsky 1990).
Family Pandalidae Haworth, 1825.
31.  Heterocarpus fenneri (Crosnier, 1986) (*). Seamounts Dome and Pearl, Salas y 

Gomez Ridge (Burukovsky 1990).
Remark. See Burukovsky (1990) for the taxonomic status of this species, 

referred as Plesionika fenneri Crosnier 1986.
32.  Heterocarpus Iaevigatus Bate, 1888 (*). Seamounts Amber, Communard, 

Dome, May Day, Pillar, and Pearl, Salas y Gomez Ridge (Burukovsky 1990).
33.  Heterocarpus reedi Bahamonde, 1954. Between Tal-Tal and Saavedra Harbor, 

200–1000 m (Bahamonde 1955).
34.  Heterocarpus sibogae de Man, 1917(*). Seamounts Amber, Cliff, Dome, May 

Day, New, Pearl, Pillar, and Yarala, Salas y Gomez Ridge (Burukovsky 1990).
35.  Pandalina nana Burukovsky, 1990 (*). Seamounts Dome, New, and Amber, 

Salas y Gomez Ridge (Burukovsky 1990).
36.  Pandalus amplus (Bate, 1888). Off Antofagasta, 560–2000 (Zabala and 

Bahamonde 1998). Off Concepción and off Chiloe (Guzmán & Quiroga 2005).
37.  Plesionika edwardsii (Brandt, 1851) (*). Seamounts Cliff, Ichthyologist, Long, 

and New, Sala y Gómez Ridge (Burukovsky 1990).
38.  Plesionika ensis (A. Milne-Edwards, 1881) (*). Seamounts Amber, Dome Pearl 

and Yarala, Sala y Gómez Ridge (Burukovsky 1990).
39.  Plesionika martia (A. Milne-Edwards, 1881) (*). Seamounts Amber, Dome, and 

Ichthyologist, Sala y Gómez Ridge (Burukovsky 1990).
40.  Plesionika ocellus (Bate, 1888) (*). Seamount Dome, Sala y Gómez Ridge 

(Burukovsky 1990).
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41.  Plesionika santaecatalinae (Wicksten & Mendez, 1983). 21°20′S, 70°26′W 
(Retamal and Soto 1995).

42.  Plesionika aff. williamsi Forest, 1963 (*). Seamount Yarala, Sala y Gómez 
Ridge (Burukovsky 1990).

43.  Stylopandalus richardi (Coutière, 1905). Off Caldera (27°04′S, 70°49′W), 
Valparaíso, Archipélago Juan Fernández (33°38′S, 78°50′W), to former 
Desventuradas Islands, and near Easter Island, 500–1000  m (Guzmán and 
Rivera 2002).

Family Stylodactylidae Spence Bate 1888.
44.  Stylodactylus pubescens Burukovsky, 1990 (*). Seamount May Day, Sala y 

Gómez Ridge (Burukovsky 1990).
Family Crangonidae Haworth, 1825.
45.  Aegaeon rathbuni de Man, 1918 (*). Seamount Dome, Sala y Gómez Ridge 

(Burukovsky 1990).
46.  Metacrangon bahamondei Retamal and Gorny, 2003. (55°44′S, 66°14′W) 413–

746 m (Retamal and Gorny 2003).
47.  Metacrangon procax Faxon, 1853. Antofagasta to Chiloé, 1351 m (Guzmán and 

Quiroga 2005).
48.  Notocrangon antarcticus (Pfeffer, 1887). Foster, Andvord and South Bays, 

Antarctic Peninsula, 250–760 m (Retamal 1976).
49.  Paracrangon areolata Faxon, 1893. Between 35°31′S, 73°04′W and 35°43′S, 

73°16′W; off Iquique; 580–800 m (Báez and Soto 1997).
50.  Parapontophilus gracilis (Smith, 1882). 22°48′S, 70°42′W, 1775 m (Guzmán 

and Quiroga 2005).
51.  Parapontophilus junceus (Spence Bate, 1888) (*). Seamounts Amber, 

Ichthyologist, and Pearl, Sala y Gómez Ridge (Burukovsky 1990).
52.  Parapontophilus occidentalis (Faxon, 1893). 22°48’S, 70°42’W, 1775  m 

(Guzmán & Quiroga 2005).
53.  Philocheras nikiforovi (Burukovsky, 1990) (*). Seamounts Dome and Big, Sala 

y Gómez Ridge (Burukovsky 1990).
54.  Sclerocrangon atrox Faxon, 1893. Chilean Patagonia (53°23′S to 50°02′S, 

76°20′W to 76°20′W), 693–680 m (Bahamonde 1981).
Family Glyphocrangonidae Haworth, 1825.
55.  Glyphocrangon alata (Faxon, 1893). Between Iquique (20°12′S, 70°09′W) and 

Lebu, 600–1300 m (Retamal 1994b).
56.  Glyphocrangon loricata (Faxon, 1895). Off Iquique (20°12′S, 70°09′W) and 

Algarrobo (33°22′S, 71°40′W), 434–757 m (Retamal 1994b).
57.  Glyphocrangon wagini Burukovsky, 1990 (*). Seamounts Amber, Ichthyologist, 

and Pearl, Sala y Gómez Ridge (Burukovsky 1990).

Infraorder Astacidea.
Family Nephropidae Dana, 1852.
58. Nephropsis occidentalis Faxon, 1893. Off Iquique (Retamal and Moyano 2010).
59.  Thymops birsteini (Zarenkov and Semenov, 1972). 56°49′S to 56°48′S, 145–

1200 m (Bahamonde 1979).

22 Checklist and Bibliography of Deep-Water Isopods and Decapods, Chile



592

Infraorder Achelata.
Family Palinuridae Latreille, 1802.
60.  Projasus bahamondei George, 1976. Off Huasco to Constitución; Juan 

Fernández Archipelago (33°38′S, 78°50′W), San Félix (26°17′S, 80°05′W), and 
San Ambrosio (26°20′S, 79°53′W) Islands, possibly at O’Higgins Ridge; 175–
550 m (George 1976; Retamal 1994b).

61.  Jasus frontalis H. Milne Edwards, 1837. Near Robinson Crusoe, Santa Clara, 
and Alejandro Selkirk Islands (Juan Fernández Archipelago 33°38′S, 78°50′W), 
San Félix (26°17′S, 80°05′W), and San Ambrosio (26°20′S, 79°53′W) Islands 
(former Desventuradas Islands), 2–200 m (Retamal and Arana 2000).

Infraorder Axiidea.
Family Axiidae Huxley, 1879.
62.  Calocarides quinqueseriatus (Rathbun, 1902). 32°08′S, 71°50′W, 320–400 m 

(Andrade and Báez 1977).

Infraorder Polychelida.
Family Polychelidae Wood-Mason, 1874.
63.  Pentacheles validus A.  Milne-Edwards, 1888. West of Valparaíso 

(33°42′S7S°17′W), 2500 m (Retamal 1994b).
64.  Stereomastis sculpta (Smith, 1880). From off Los Vilos (31°56′S, 71°38′ to 

71°47′W), 300–500  m, to off Quintero (32°42′S, 71°34′ to 71°45′W), 280–
350 m (Báez and Andrade 1979).

65.  Stereomastis pacifica (Faxon, 1893). Off Arica (18°40.5′S, 70°36.0′W), 768–
968 m, and off Valparaíso (30°46′S, 81°31′W), 3000 m (Wicksten & Mendez, 
1981).

66.  Stereomastis suhmi (Bate, 1878). From Coquimbo to the Messier Channel, W of 
Chilean Patagonia, and near Magellan Strait (53°28′S, 70°47′W), 293–2220 m 
(Báez and Andrade 1979).

67.  Willemoesia inornata Faxon, 1893. W of Valparaíso (33°42′S, 78°18′W and 
34°7′S, 73°56′W), 2520–4000 m (Wicksten & Mendez, 1981, Retamal 1994b).

68.  Willemoesia pacifica Sund, 1920. W of Valparaíso (33°42′S, 78°18′W), 2520 m 
(Retamal 1994b, Wicksten & Mendez, 1981).

Infraorder Anomura.
Superfamily Galatheoidea.
Family Chirostylidae Ortmann, 1892.
69.  Gastroptychus hendersoni (Alcock and Anderson, 1899). From off Papudo 

(33°31′S, 71°27′W) to Sarmiento Channel (50°44′S, 74°31′W), Patagonia, 420–
750 m (Retamal 1994b).

70.  Uroptychus parvulus (Henderson, 1885). From off Zapallar (33°32′71°28′W) to 
Sarmiento Channel (50°44′S, 74°31′W), Magellan Strait (53°28′S, 70°47′W), 
300–800 m (Retamal 1994b).

Family Munidopsidae Ortmann, 1892.
71.  Galacantha diomedeae Faxon, 1893. Off Arica, Iquique, and Antofagasta, asso-

ciated to Patagonian toothfish fishery (Guzmán and Sellanes 2015).

M. A. Retamal et al.



593

72.  Galacantha rostrata (A. Milne-Edwards, 1880). Juan Fernandez Archipelago. 
1700–3000 m deep (Retamal 1994b); off Antofagasta, 1175 m (Guzmán and 
Sellanes 2015).

73.  Munidopsis alfredolaguardai Hendrickx and Ayon-Parente, 2013. Off 
Concepción and Chiloe (Guzmán and Sellanes 2015).

74.  Munidopsis agassizii Faxon, 1893. Off Iquique, associated to Patagonian tooth-
fish fishery (Guzmán and Sellanes 2015).

75.  Munidopsis barrerai Bahamonde, 1964. 31°44′S to 32°31′S, 300–840  m 
(Bahamonde 1964).

76.  Munidopsis cochlearis Khodina, 1973. 23°49′08″S, 71°06′54″W, 4500  m 
(Khodkina 1973).

77.  Munidopsis follirostris Khodina, 1973. Near Juan Fernández Island (30°13′09″S, 
78°47′03″W), 1280 m (Khodkina 1973).

78.  Munidopsis hamata Faxon, 1893. Chigualoco Bay (31°44′S, 71°418″W), 400 m 
(Bahamonde 1973). Off Arica and Iquique (Guzmán and Sellanes 2015).

79.  Munidopsis opalescens Benedict, 1903. Off Patagonia 700–1000 m (Bahamonde 
1973). Off Concepción (Guzmán and Sellanes 2015).

80.  Munidopsis palmatus Khodina, 1973. 32°11′6″S 71°46′3″W, 660–700  m 
(Khodkina 1973).

81.  Munidopsis quadrata Faxon, 1893. Off Arica (Luke 1977). Off Antofagasta and 
Constitución (Guzmán and Sellanes 2015).

82.  Munidopsis subsquamosa Henderson, 1888. W of Chiloé Island, 2500–3200 m 
(Baba et al. 2008). Off Caldera (Guzmán and Sellanes 2015).

83.  Munidopsis tanneri Faxon, 1893. Arica and Off Valparaiso (Guzmán and 
Sellanes 2015).

84.  Munidopsis trífida (Henderson, 1888) Collingwood Strait (Benedict 1902), 
Aysen (Haig 1955). Off Concepcion and Chiloe (Guzmán and Sellanes 2015).

85.  Munidopsis verrucosus Khodkina, 1973. 23°47′7″S, 71°03′9″W and 23°15′5″S, 
71°39′8″W, 4300–4880 m (Khodkina 1973).

86.  Munidopsis villosa Faxon, 1893. Off Algarrobo (33°22′S, 71°40′W), 250–800 m 
(Bahamonde 1964). Off Arica (Luke 1977).

Family Munididae Ahyong, Baba, Macpherson, and Poore, 2010.
87.  Cervimunida johni Porter, 1903. Coquimbo to Mocha Island (Porter 1903; Haig 

1955).
88.  Munida curvipes Benedict, 1903. Near Chonos Archipelago (45°08′S, 73°14′W), 

1890  m (Bahamonde and López 1962); Puerto Otway, Patagonia, 2743  m 
(Retamal 1994b).

89.  Munida montemaris Bahamonde and López, 1962. Punta Angeles, Valparaíso 
(33°02′S, 71°06′W), 280–400 m (Bahamonde and López 1962).

90.  Munida propinqua (Faxon, 1893). From off Iquique (20°12′S, 70°09′W) to 
Quintero (32°47′S, 71°42′W), 700–1000 m (Retamal 1994b).

91.  Pleuroncodes monodon (H.  Milne Edwards, 1837). Off Arica (18°25′S, 
71°22′W) to Mocha Island (38°22′S, 73°54′W), 20–400 m (unpubl. data).

Family Lithodidae Samouelle, 1819.
92.  Glyptolithodes cristatipes (Faxon, 1893). Off Arica (18°25′S, 71°22′W), off 

Quintero (32°47′S, 71°42′W), 245–800 m (Del Solar, 1972).
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93.  Lithodes murrayi (MacPherson, 1988). From off Iquique (20°12′S, 70°09′W) to 
the Magellan Strait (53°28′S, 70°47′W), 70–581 m (MacPherson 1988).

94.    Lithodes panamensis Faxon, 1893. Off Arica (18°25′S, 71°22′W), off Iquique 
(20°12′S, 70°09′W), 760–850 m (Retamal 1992).

95.    Lithodes santolla (Molina, 1782). Valdivia (39°48′S, 73°14′W) to southern tip 
of South America, 0–700 m (Retamal 1992).

96.    Lithodes wiracocha Haig, 1974. From off Iquique (20°12′S, 70°09′W) to 
Magellan Strait (53°28′S, 70°47′W), 620–800 m (Haig 1974).

97.    Neolithodes diomedeae (Benedict, 1894). From off Arica (18°25′S, 71°22′W) 
to Chonos Archipelago, 300–1200 m (Retamal 1992).

98.    Paralomis aspera Faxon, 1893. Off Iquique (20°12′S, 70°09′W), 560–1270 m 
(Retamal 1992).

130.  Paralomis chilensis Andrade, 1980. Off Coquimbo (29°57′S, 71°20′W) and 
Los Vilos (31°54′S, 71°31′W), 400–1800 m (Andrade 1980).

99.    Paralomis diomedeae (Faxon, 1896). Off Iquique (20°12′S, 70°09′W), 830–
935 m (Del Solar, 1972).

100.  Paralomis longipes Faxon, 1893. Off Iquique (20°12′S, 70°09′W), 700–800 m 
(Retamal 1992).

101. Paralomis otsuae Wilson, 1988. 22°48′S, 70°42′W, 1740 m (Wilson 1990).
102.  Paralomis papillata (Benedict, 1895). Off Iquique (20°12′S, 70°09′W), 712–

744 m (Haig 1974).
103.  Paralomis sonne Guzmán, 2009. 22°48.7′S, 70°42.29′W, 1775  m (Guzmán 

2009).
Superfamily Paguroidea.
Family Paguridae Latreille, 1802.
104.  Pagurus delsolari Haig, 1974. Off Iquique (20°12′S, 70°09′W) to Constitución 

(35°20′S, 72°25′W), 275–650 m (Haig 1974).
105.  Pagurus comptus White, 1847. Off Coquimbo (29°57′S, 71°20′W) to southern 

Chile, 16–400 m (Forest and Saint Laurent 1967).
Family Parapaguridae Smith, 1882.
106.  Oncopagurus haigae (de Saint Laurent, 1972). Valparaíso (33°02′S, 71°06′W), 

Sala y Gómez (26°28′S, 105°05′W) Plate, from Quisco (33°24′S, 71°42′W) to 
Taitao Peninsula (46°23′S, 74°41′W), 189–497  m (de Saint Laurent 1972; 
Olguin et al. 2014).

107.  Oncopagurus mironovi Zhadan, 1997. Nazca Plate (24°56.5′S, 88°31.6′W), 
570–575 m (Zhadan 1997).

108.  Oncopagurus stockmani Zhadan, 1977 (*). Nazca Plate (27°07′S, 81°18′W), 
235 m (Zhadan 1997).

109.  Parapagurus abyssorum (Filhol, 1885). 39°51′S, 96°52′W, 3603–3621 m; off 
Valdivia (39°48′S, 73°14′W), 1930  km  W of the coast of Chile (Lemaitre 
1999)

110.  Parapagurus holthuisi Lemaitre, 1989. W of Valparaíso (33°42′S, 78°18′W); 
off Juan Fernández Archipelago, 2115 m (Lemaitre 1999).
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111.  Parapagurus jeanette Lemaitre, 1999. Otway harbor, Gulf of Penas (46°53.15′S, 
75°12′W), 82–1485 m (Lemaitre 1999).

112.  Paragiopagurus wallisi (Lemaitre, 1994) (*). Nazca Plate (25°05.1′S, 
97°27.9′W), 260–265 m (Zhadan 1997).

113.  Paragiopagurus boletifer (de Saint Laurent, 1972) (*). Submerged ridge, Sala 
y Gómez Ridge (26°28′S, 105°21′W), and Nazca Plate (25°34.0′S, 85°27.0′W), 
240–245 m (Zhadan 1997).

114.  Strobopagurus aff. gracilipes (A.  Milne-Edwards, 1891) (*). Nazca Plate 
(24°58.5′S, 88°31.6′W), 570–575 m (Zhadan 1997).

115.  Sympagurus affinis (Henderson, 1888) (*). Nazca Plate (25°07.8′S, 99°34.0′W), 
350–490 m (Parin et al. 1997; station 2023, R/V “Prof. Stockman,” 18° cruise), 
147–1450 m (Lemaitre 2004).

116.  Sympagurus dimorphus (Stûder, 1883). 22° S, 57°S, 91–1995  m (Lemaitre 
2004; Olguin et al. 2014).

117.  Sympagurus dofleini (Balss, 1912) (*). Submerged ridge, Sala y Gómez Ridge 
(26°28′S, 105°05′W), (Lemaitre 2004).

118.  Tylaspis anomala Henderson, 1885 (*). NE of Easter Island (19°11′S, 
102°24′W), 4143 m; 32°36′S, 137°43′W, 4344 m (Lemaitre 1998).

Infraorder Brachyura.
Superfamily Dromioidea.
Family Dromiidae De Haan 1833.
119.  Lauridromia dehaani (Rathbun, 1923). Seamount Big, Salas y Gomez Ridge 

(Zarenkov 1990).
Superfamily Homolodromiidea.
Family Homolodromidae De Haan, 1839.
120.  Homolodromia robertsi (Garth, 1973). 19°03′S, 32°06′W, 560–850 m (Garth 

1973; Báez and Martin 1989).
Superfamily Homoloidea.
Family Cymonomidae Bouvier, 1898.
121.  Cymonomus menziesi Garth, 1971. Chile-Perú Trench, 1000  m (Garth and 

Haig 1971); off Chiloé (42°35.35′S, 80°37′W), 507 m (Guzmán 2003).
Family Homolidae De Haan, 1839.
122.  Homologenus orientalis Zarenkov, 1990 (*). Seamount Ichthyologist, Sala y 

Gómez Ridge (Zarenkov 1990).
123.  Moloha faxoni (Schmitt, 1921). Off San Félix (26°17′S, 80°05′W) and San 

Ambrosio (26°20′S, 79°53′W) Islands (unpubl. data).
124.  Paramola japonica Parisi (*). Seamounts Dorofeeva and New, Sala y Gómez 

Ridge (Zarenkov 1990).
125. Paromola rathbuni Porter, 1908. Juan Fernandez Archipelago (Porter 1927).
Family Latreilliidae Stimpson, 1858.
126.  Eplumula phalangium (De Haan, 1839 in De Haan, 1833–1850) (*). Seamounts 

Big and Dome, Sala y Gómez Ridge (Zarenkov 1990).
Superfamily Leucosioidea Samouelle, 1819.
Family Leucosiidae.
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127.  Ancylodactyla nana (Zarenkov, 1990) (*). Seamounts Communard and Dome, 
Sala y Gómez Ridge (Zarenkov 1990).

128.  Ebalia sculpta Zarenkov, 1990(*). Seamounts Big, Cliff, and Dome, Sala y 
Gómez Ridge (Zarenkov 1990).

Superfamily Majoidea.
Family Epialtidae McLeay, 1838.
129.  Libidoclaea granaria H. Milne Edwards and Lucas, 1842. From off Coquimbo 

(33°38′S, 78°50′W) to Strait of Magellan, 60–450 m (Rathbun 1925).
130.  Libidoclaea smithi (Miers, 1886). Canyon off the Bio Bio River (36°49S, 

73°17′W), 480  m, to Strait of Magellan (53°28′S, 70°47′W) (Pineda and 
Retamal 1997).

131.  Lophorochinia parabranchia Garth, 1969. N of Iquique (20°12′S, 70°09′W) 
and off Punta Patache (20°48′S, 70°12′W) to Quintero (32°47′S, 71°42′W), 
282 m (Retamal 1994b).

Family Inachidae McLeay, 1838.
132.  Cyrtomaia danieli Zarenkov, 1990 (*). Seamounts Amber, Ichthyologist, May 

Day, and Yarala, Sala y Gómez Ridge (Zarenkov 1990).
133.  Cyrtomaia platypes Yokoya, 1933 (*). Seamounts Cliff and Dome, Sala y 

Gómez Ridge (Zarenkov 1990).
Superfamily Parthenopoidea.
Family Parthenopidae McLeay, 1838.
134.  Zarenkolambrus epibranchialis (Zarenkov, 1990) (*). Seamounts Cliff and 

Needle, Sala y Gómez Ridge (Zarenkov 1990).
135.  Hispidolambrus mironovi (Zarenkov, 1990) (*). Seamounts Big, Dome, and 

Ichthyologist, Sala y Gómez Ridge (Zarenkov 1990).
Superfamily Calappoidea.
Family Calappidae De Haan, 1833.
136.  Mursia zarenkovi Galil and Spiridonov, 1998 (*). Seamounts Big, Dome, and 

Ichthyologist, Sala y Gómez Ridge, and Seamount Eclipse, Nazca Ridge 
(Zarenkov 1990).

137.  Platymera gaudichaudii (H. Milne Edwards, 1837). From off Arica (18°25′S, 
71°22′W) to Talcahuano (36°42′S, 72°46′W), and off Juan Fernández 
Archipelago (33°38′S, 78°50′W), 10–450 m (Galil 1993; Retamal et al. 2013).

Superfamily Portunoidea.
Family Geryonidae Colosi, 1923.
138.  Chaceon chilensis Chirino-Gálvez and Manning, 1989. Near Robinson Crusoe 

Island (Juan Fernández Archipelago 33°38′S, 78°50′W), 300–1000 m (Chirino-
Gálvez and Manning 1989). (*). Seamounts New and Pearl, Sala y Gómez 
Ridge, and Seamounts Eclipse and Profesor Mesyatsev, Nazca Ridge (Zarenkov 
1990).

Family Progeryonidae Stevcic, 2005.
139.  Progeryon mararae Guinot and Richer de Forges, 1981 (*). Seamount Dome, 

Sala y Gómez Ridge (Zarenkov 1990).
Superfamily Cancroidea.
Family Atelecyclidae Ortmann, 1893.

M. A. Retamal et al.



597

140.  Trichopeltarion corallinus (Faxon, 1893). 18°43′S, 507m, and 36°00.23′S, 
922m (Guzmán et al. 2009).

141.  Trichopeltarion hystricosus (Garth in Garth and Haig, 1971). Off Pisagua 
(21°19′S, 70°26′W), 605–610  m (Retamal and Soto 1993; Guzmán et  al. 
2009).

Family Cancridae Latreille, 1802.
142.  Cancer porteri (Rathbun, 1930). Off continental Chile, 0–500  m (Retamal 

1994b).
143.  Platepistoma balssii (Zarenkov, 1990) (*). Seamounts Big, New, and Yarala, 

Sala y Gómez Ridge (Zarenkov 1990).

22.4  Discussion

The extended continental Chilean coast has two very well-marked zoogeographic 
regions: one cold template in the South, from the large island of Chiloé to Cape 
Horn, and the other warm template in the North, the latter extending, according to 
some authors (e.g., Brättstrom and Johanssen 1983), from Arica to Talcahuano 
where a transition zone starts with a mixture of species (Brättstrom and Johanssen 
1983). Other authors (e.g., Retamal and Moyano 2010), however, believe that the 
transition zone starts in Valparaíso and finishes in the large island of Chiloé. The 
total number of decapods recorded in Chilean waters is 475 (unpubl. data). Some 
species cited by Vereshchaka (1990), Parin et al.(1997), and Zhadan (1997) from the 
submerged ridge of Sala y Gómez and Nazca (about 25°S, 75–100°W) have been 
included herein although these ridges are slightly out of the boundaries of the 
Chilean EEZ, 200 nm from the coast of continental Chile, and 350 nm from Easter 
Island and Salas y Gómez Island.

There are only nine species of deep-water isopods on record, four in the Peru-
Chile trench, three in Chiloé islands, and two in the Magellan Strait, thus showing a 
lack of information regarding the abyssal isopods in central Chile and off the oce-
anic islands. Among the decapods, there exists a clear dominance of shrimps and 
prawns in Chilean deep water. On the contrary, benthic species of Brachyura are 
poorly represented.

A total of 143 species of bentho-demersal or bentho-pelagic species of decapod 
crustaceans occur below 200  m off the coast of Chile (Table  22.1). The 
Dendrobranchiata are represented by five families that are represented by one to 
three species. In the Anomura, Parapaguridae is represented by 14 species, 
Lithodidae by 13, and Munidopsidae by 11. The rest of the deep-water decapods 
belong to the Brachyura, with 14 families and 12 species. The majority of the 
Brachyura families have only one to two representatives in deep water. In Chile, 
including Easter Islands, most records for Brachyura are from shallow water. 
Brachyuran crabs are also known to be scarce in deep water.

The 46 species discovered on Salas y Gómez and Nazca submerged ridges and 
around the former Desventuradas Islands live mostly in deep water. However, recent 
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studies in the seamounts surrounding the Desventuradas Island have allowed for the 
collection of many additional specimens under study. This will probably increase 
diversity of decapods associated with the seamounts of the SEP (unpubl. data).

While studying deep-water species living around the Juan Fernández Archipelago, 
Retamal and Arana (2000) found that some of them (i.e., Jasus frontalis, Projasus 
bahamondei, Geryon chilensis) spend long periods as larval stages, have arrived 
from distant points, and are present above the submerged ridge, sometime in large 
numbers.
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Chapter 23
Deep-Water Stomatopod and Decapod 
Crustaceans Collected off Central America 
by the R/V “Miguel Oliver”

M. E. Hendrickx and J. López

Abstract Deep-water stomatopods and decapod crustaceans were collected during 
an exploratory survey off Central America in 2010 aboard the R/V “Miguel Oliver.” A 
total of 105 trawling operations were performed off Guatemala, El Salvador, 
Nicaragua, Costa Rica, and Panama. Species captured during these operations are 
reported, including one species of stomatopod and 25 species of decapods. New geo-
graphic records are provided for Haliporoides diomedeae, Solenocera agassizii, 
Pasiphaea emarginata, and Portunus xantusii. Compared to the entire eastern Pacific, 
the number of species of decapod crustaceans collected off Central America is low 
and represents only 16% of species recorded below 350 m depth. This percentage 
increases to 26% when compared to the fauna occurring below 350 off western Mexico.

Keywords Deep sea · Eastern Pacific · Stomatopoda · Decapoda · Distribution

23.1  Introduction

Intensive exploration of deep-water ecosystems initiated in the nineteenth century 
when the R/V “Challenger,” a Royal Navy ship modified for scientific use, navigated 
about 70,000 nautical miles from 1872 to 1876, circumnavigating the globe, includ-
ing the southern part of Chile. The bulk of knowledge on decapod crustaceans from 
the East Pacific, however, came from a research cruise organized in 1891 aboard the 
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Steamer Albatross visiting the west coast of America from Ecuador, including the 
Galapagos Islands, to Central America and Mexico, including the Gulf of California 
(see Wicksten 1989; Hendrickx 2012a). As a result of this expedition, one species of 
stomatopod and 151 species of decapod crustaceans were reported, including a large 
series of new species and genera collected in deep water (Faxon 1893, 1895).

Since this famous expedition of the Albatross took place, until recently interest 
for deep-water fauna in the East Pacific has been rather incipient, with only inciden-
tal sampling being carried out in selected areas along the west coast of America (see 
Hendrickx 2012a). At the end of the twentieth century and further on within the 
twentieth-first century, however, some countries decided to dedicate a great deal of 
efforts to increase their knowledge on the deep-water fauna inhabiting their exclu-
sive economic zone (Wehrtmann et al. 2012), including Mexico (López-Rocha et al. 
2006; Hendrickx et  al. 2011; Zamorano et  al. 2012; Hendrickx 2012a; Cruz- 
Acevedo et al. 2018; Suárez Mozo et al. 2018), Costa Rica (e.g., Wehrtmann and 
Nielsen-Munoz 2009; Pedraza and Zapata Padilla 2011; Starr et al. 2012; Villalobos- 
Rojas et al. 2017; Villalobos-Rojas and Wehrtmann 2018; Sánchez-Jiménez et al. 
2018), Colombia (e.g., Puentes and Madrid 1994; Rodríguez et  al. 2012; Navas 
et al. 2013; Beltrán-León et al. 2016; Suárez Mozo et al. 2018), Ecuador (Cornejo 
Antepara 2010), Peru (Vélez et al. 1992; Kameya et al. 1997; 1998; Arana et al. 
2002; Barriga et al. 2009; Aramayo 2016), and Chile (e.g., Retamal 1993; Guzmán 
and Quiroga 2005; Arana 2003; Arana et al. 2013; Guzmán and Sellanes 2015).

In 2010, an ambitious exploration sampling program was developed within the 
frame of an international collaboration agreement between MARM (Ministerio de 
Medio Ambiente y Medio Rural y Marino), España, and OSPESCA (Organización 
del Sector Pesquero y Acuicola del Istmo Centroamericano). As a result, the R/V 
“Miguel Oliver” was dispatched to Central America with a view to explore the 
deep-water ecosystems along the Pacific off Guatemala, El Salvador, Nicaragua, 
Costa Rica, and Panama (López 2011), between 57 and 1530 m depth.

Part of the results obtained for other groups of species during this cruise were 
previously presented by Hendrickx and López (2006, 2019) and Robertson et al. 
(2017; bony fishes). This contribution reports on additional material that was col-
lected on this occasion, specifically decapod crustaceans.

23.2  Material and Methods

The material reported herein was collected between November 10 and December 
16, 2010, by the R/V “Miguel Oliver” using a Lofoten fishing gear with 35 mm net 
aperture. The gear was deployed off Panama, Costa Rica, Nicaragua, El Salvador, 
and Guatemala, in depths between 57 and 1530 m, with a majority of samples from 
>200 m depth. In total, 106 trawls were performed. All samples were of at least 
20 min. The specimens of species of large crustaceans (stomatopods and decapods) 
were separated from the catch and preserved for their identification in the labora-
tory. Although many specimens of each species were occasionally caught in the 
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fishing net, the number of specimens per trawl was not made available for technical 
reasons. The species were identified using available literature (Faxon 1895; 
Hendrickx 1995a, b, c, d, e, 2012b, c; Salgado-Barragán and Hendrickx 2010).

23.3  Results

A total of 26 species were collected during the survey: 1 stomatopod and 25 deca-
pod crustaceans (Table 23.1). Among the decapods four species have been reported 
as pelagic (Pasiphaea emarginata, P. magna, and P. tarda) or occasionally pelagic 
(Achelous xantusii) and are often captured in trawl nets during the ascent of the gear 
through the water column. During this ascent, the net acts as a mid-water trawl, and 

Table 23.1 Number of samples (NS) and countries where the 26 species of stomatopod and 
decapod crustaceans were captured

Species NS Guatemala El Salvador Nicaragua Costa Rica Panama

Squilla biformis 19 X X X X
Haliporoides diomedeae 28 X X X
Solenocera agassizi 17 X X X X X
Benthesicymus tanneri 1 X
Pasiphaea emarginata 1 X
Pasiphaea magna 18 X X X X
Pasiphaea tarda 1 X
Heterocarpus hostilis 43 X X X X
Heterocarpus vicarius 14 X X
Pandalus amplus 1 X
Metacrangon procax 1 X
Sclerocrangon atrox 1 X
Glyphocrangon alata 21 X X
Glyphocrangon spinulosa 11 X X X X
Guyanacaris caespitosa 1 X
Nephropsis occidentalis 11 X X X X
Stereomastis pacifica 3 X
Pleuroncodes planipes 15 X X X X X
Galacantha diomedeae 2 X X
Munidopsis depressa 1 X
Paralomis diomedeae 1 X
Maiopsis panamensis 3 X
Cancer johngarthi 4 X
Platymera gaudichaudii 4 X
Portunus xantusii 1 X
Trichopeltarion corallinum 2 X X
Species per country 5 7 8 16 18
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large specimens are retained and mix with truly benthic species (see Hendrickx 
2016). The rest of the species reported herein are benthic.

23.4  Systematic Section

Stomatopoda
Family Squillidae

 1. Squilla biformis Bigelow, 1891

Material Examined. St. 1 (07°24′49.8″N, 78°07′27.0″W), November 12, 2010, 
183 m; St. 4 (07°37′36.6″N, 78°41′36.0″W), November 12, 2010, 116 m; St. 38 
(07°43′24.6″N, 82°03′25.2″W), November 20, 2010, 144 m; St. 39 (07°44′33.6″N, 
82°25′16,8″W), November 20, 2010, 243 m; St. 41 (08°01′57.6″N, 82°33′51.0″W), 
November 21, 2010, 115 m; St. 45 (08°16′03.0″N, 83°11′21.0″W), November 22, 
2010, 1376 m; St. 46 (08°13′54.6″N, 83°10′34.2″W), November 22, 2010, 1260 m; 
St. 50 (08°48′07.2″N, 84°01′40.8″W), November 23, 2010, 119  m; St. 57 
(09°14′25.2″N, 84°34′12.0″W), November 24, 2010, 134 m; St. 61 (09°30′25.2″N, 
85°09′01.2″W), November 25, 2010, 140 m; St. 70 (10°41′03.6″N, 86°24′52.8″W), 
December 4, 2010, 243  m; St. 73 (11°05′03.0″N, 86°44′45.6″W), December 5, 
2010, 153 m; St. 81 (11°42′10.8″ N, 87°03′48.6″W), December 7, 2010, 122 m; St. 
84 (11°54′34.2″N, 87°38′33.6″W), December 8, 2010, 404 m; St. 85 (11°55′54.6″N, 
87°33′30.6″W), December 8, 2010, 181 m; St. 90 (12°17′24.0″N, 88°05′06.6″W), 
December 9, 2010, 129 m; St. 102 (13°17′33.6″N, 90°24′16.2″W), December 12, 
2010, 165 m; St. 103 (13°42′54.4″N, 91°50′06.6″W), December 13, 2010, 117 m; 
St. 105 (13°28′37.2″N, 91°23′49.8″W), December 13, 2010, 137  m.  
Comments This species was collected in 19 samples (Fig. 23.1), off Guatemala, 
Nicaragua, Costa Rica, and Panama, in depths between 116 and 1376 m, which is 
the maximum depth recorded to date for this species. Previous depth records are 
from 28 to 518 m (Hendrickx and Salgado-Barragán 2002). Distribution Squilla 
biformis presents a wide distribution range, from the southern Gulf of California, 
Mexico, to off Huacho, Peru (Hendrickx and Salgado- Barragán 2002).

Decapoda
Dendrobranchiata
Family Solenoceridae

 2. Haliporoides diomedeae (Faxon, 1893)

Material Examined. St. 8 (07°32′52.2″N, 79°12′49.8″W), November 11, 2010, 
757 m; St. 10 (07°32′55.8″N, 79°11′48.6″W), November 13, 2010, 1020 m; St. 11 
(07°23′36.6″N, 79°29′20.4″W), November 14, 2010, 1292 m; St. 12 (07°23′42.0″N, 
79°32′20.4″W), November 14, 2010, 1021 m; St. 13 (07°25′55.8″N, 79°33′40.2″W), 
November 14, 2010, 711 m; St. 16 (07°14′39.6″N, 79°40′03.6″W), November 15, 
2010, 1446 m; St. 17 (07°16′16.2″N, 79°39′52.2″W), November 15, 2010, 1141 m; 
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St. 18 (07°20′57.0″N, 79°40′03.6″W), November 15, 2010, 720  m; St. 19 
(07°23′08.4″N, 79°43′51.6″W), November 15, 2010, 480 m; St. 21 (08°09′43.8″N, 
80°08′03.0″W), November 16, 2010, 764 m; St. 25 (07°05′20.4″N, 80°55′16.2″W), 
November 17, 2010, 1113 m; St. 26 (07°08′50.4″N, 81°07′29.4″W), November 17, 
2010, 954 m; St. 29 (07°04′48.6″N, 81°22′05.4″W), November 18, 2010, 1126 m; 
St. 30 (07°05′40.2″N, 81°27′43.8″W), November 18, 2010, 864  m; St. 33 
(07°00′37.8″N, 81°44′00.0″W), November 19, 2010, 716 m; St. 34 (06°57′00.6″N, 
81°44′43.8″W), November 19, 2010, 1033 m; St. 35 (07°04′14.4″N, 81°42′37.8″W), 
November 19, 2010, 671 m; St. 36 (07°10′54.0″N, 81°40′00.6″W), November 19, 
2010, 143 m; St.40 (07°38′27.0″N, 82°27′04.2″W), November 20, 2010, 1185 m; 
St. 42 (07°58′55.2″N, 82°44′25.8″W), November 21, 2010, 1115  m; St. 43 
(07°56′43.8″N, 82°48′30.0″W), November 21, 2010, 951 m; St. 44 (07°53′27.6″N, 
82°50′31.8″W), November 21, 2010, 1093 m; St. 46 (08°13′54.6″N, 83°10′34.2″W), 
November 22, 2010, 1260 m; St. 52 (08°46′03.0″N, 84°15′43.8″W), November 23, 
2010, 836 m; St. 55 (09°08′49.8″N, 84°33′40.8″W), November 24, 2010, 902 m; St. 
59 (09°25′40.8″N, 85°09′40.8″W), November 25, 2010, 841 m; St. 65 (09°39′54.0″N, 
85°43′54.6″W), December 12, 2010, 1178 m; St. 99 (13°04′58.8″N, 90°36′07.2″W), 
December 12, 2010, 1054  m. Comments Collected in 28 trawls, from off El 
Salvador, Costa Rica, and Panama (Fig. 23.2), between 143 and 1446 m depth (27 
records in water >480 m). The known depth range for this species is from 240 to 
1866 m (Peréz-Farfante 1977), but there is an unusual record at 50–95 m off Chile 
(43°32′S) by Wehrtmann and Carvacho (1997). Distribution Previously known 

Fig. 23.1 Sampling localities of Squilla biformis in the survey area
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from off the Azuero Peninsula (07°30′N), Panama, to off Talcahuano, Chile 
(Wicksten and Hendrickx 2003). The material from St. 99 (13°04′58.8″N, 
90°36′07.2″W) is a new northernmost record for H. diomedeae which is now 
reported from off El Salvador.

 3. Solenocera agassizii Faxon, 1893

Material Examined. St. 1 (07°24′49.8″N, 78°07′27.0″W), November 12, 2010, 
183 m; St. 27 (07°13′09.0″N, 81°05′43.8″W), November 17, 2010, 138 m; St. 38 
(07°43′24.6″N, 82°03′25.2″W), November 20, 2010, 144 m; St. 41 (08°01′57.6″N, 
82°33′51.0″W), November 21, 2010, 115 m; St. 48 (08°18′38.4″N, 83°07′22.2″W), 
November 22, 2010, 128 m; St. 49 (08°27′01.2″N, 83°44′10.2″W), November 23, 
2010, 128 m; St. 50 (08°48′07.2″N, 84°01′40.8″W), November 23, 2010, 119 m; St. 
57 (09°14′25.2″N, 84°34′12.0″W), November 24, 2010, 134 m; St. 61 (09°30′25.2″N, 
85°09′01.2″W), November 25, 2010, 140 m; St. 81 (11°42′10.8″N, 87°03′48.6″W), 
December 7, 2010, 122  m; St. 85 (11°55′54.6″N, 87°33′30.6″W), December 8, 
2010, 181 m; St. 90 (12°17′24.0″N, 88°04′28.8″W), December 9, 2010, 131 m; St. 
91 (12°44′38.4″N, 88°59′39.6″W), December 10, 2010, 105 m; St. 92 (13°01′11.4″N, 
89°27′29.4″W), December 10, 2010, 104 m; St. 98 (13°18′48.0″N, 90°00′11.4″W), 
December 11, 2010, 114 m; St.104 (13°32′47.4″N, 91°20′52.8″W), December 13, 
2010, 114 m; St. 106 (13°39′28.2″N, 91°13′42.0″W), December 13, 2010, 57 m. 
Comments The largest species of the genus in the East Pacific (up to 14 mm long 

Fig. 23.2 Sampling localities of Haliporoides diomedeae in the survey area
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in females), S. agassizii occurs between 16 and 384 m depth (Hendrickx 1995a). 
During this survey, it was collected in 17 trawls, off Guatemala, El Salvador, 
Nicaragua, Costa Rica, and Panama (Fig.  23.3), between 57 and 183  m depth. 
Distribution Previously known from off Cape Blanco, Costa Rica, south to Lobos 
de Afuera Islands, Peru (Wicksten and Hendrickx 2003). Present records increase 
the distribution range of S. agassizii to off Guatemala (13°32′47.4″N, 91°20′52.8″W).

Family Benthescymidae

 4. Benthesicymus tanneri Faxon, 1893

Material Examined. St. 18 (07°20′57.0″N, 79°40′36.0″W), November 15, 2010, 
720 m. Comments According to Hendrickx and Papiol (2015), B. tanneri is fre-
quently collected off western Mexico (44 records available) in deep-water nets. It 
was also abundantly recorded by Faxon (1895) in its distributional range. It occurs 
between 606 m and 2422 m depth. During this study, it was collected only once, off 
Panama (Fig. 23.3), in 720 m depth. Distribution From San Diego, California, 
USA, to off Chile (18–22°S), including the Gulf of California to 27°34′N (Guzmán 
and Wicksten 2000; Hendrickx and Papiol 2015).

Caridea
Family Pasiphaeidae

 5. Pasiphaea emarginata Rathbun, 1902

Fig. 23.3 Sampling localities of Solenocera agassizii and Benthesicymus tanneri in the survey area
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Material Examined. St. 32 (07°15′15.0″N, 81°23′44.4″W), November 18, 2010, 
108  m; St. 71 (10°41′15.0″N, 86°33′07.8″W), December 5, 2010, 827  m. 
Comments Found in only one sample, off Costa Rica (Fig. 23.4), P. emarginata is 
a pelagic species incidentally found in bottom trawl nets. Distribution Previously 
known from off Santa Barbara, California, USA, to SW Mexico (17°36′20″N, 
103°57′45″W), including the southern and central Gulf of California (Hendrickx 
2013). The southern distribution limit is herein extended to 07°15′15.0″N, off 
Costa Rica.

 6. Pasiphaea magna Faxon, 1893

Material Examined. St. 12 (07°23′42.0″N, 79°32′20.4″W), November 14, 2010, 
1021 m; St. 24 (07°01′47.4″N, 80°57′57.6″W) November 17, 2010, 1364 m; St. 99 
(13°04′58.8″N, 90°36′07.2″W), December 12, 2010, 1054 m; St. 10 (07°30′55.8″N, 
79°11′48.6″W), November 13, 2010, 1020 m; St. 26 (07°08′50.4″N, 81°07′29.4″W), 
November 17, 2010, 954 m; St. 28 (06°54′12.0″N, 81°18′43.2″W), November 18, 
2010, 1467 m; St. 29 (07°04′48.6″N, 81°22′05.4″W), November 18, 2010, 1126 m; 
St. 30 (07°05′40.2″N, 81°27′43.8″W), November 18, 2010, 864  m; St. 42 
(07°58′55.2″N, 82°44′25.8″W), November 21, 2010, 1115 m; St. 43 (07°56′43.8″N, 
82°48′30.0″W), November 21, 2010, 951 m; St. 44 (07°53′27.6″N, 82°50′31.8″W), 
November 21, 2010, 1093 m; St. 55 (09°08′49.8″N, 84°33′40.8″W), November 24, 
2010, 902 m; St. 62 (09°22′01.2″N, 85°27′13.2″W), November 25, 2010, 1457 m; 
St. 63 (09°43′47.4″N, 85°49′53.4″W), December 3, 2010, 1530  m; St. 65 
(09°39′54.0″N, 85°43′54.6″W), December 3, 2010, 1178 m; St. 78 (11°25′32.4″N, 
87°24′04.8″W), December 7, 2010, 1087 m; St. 83 (11° 50′45.6″N, 87°42′32.4″W), 
December 8, 2010, 1116 m; St. 96 (12°57′39.6″N, 90°19′02.4″W), December 11, 
2010, 1100 m. Comments A bathypelagic species, P. magna is one of the largest 
pelagic shrimps occurring in the East Pacific (up to 85 mm total length). It was 
found in 18 samples taken in water with total depth of between 864 and 1530 m, off 
El Salvador, Nicaragua, Costa Rica, and Panama (Fig. 23.4). Distribution From 
off Oregon, USA, south to Peru (17°08′S) and off Chile (22°13′S), including the SE 
Gulf of California (Hendrickx and Estrada-Navarrete 1996; Wehrtmann and 
Carvacho 1997).

 7. Pasiphaea tarda Krøyer, 1845 (Fig. 23.5a)

Material Examined. St. 80 (11°28′52.2″N, 87°14′57.6″W), December 7, 2010, 
460  m. Comments A pelagic species incidentally captured in bottom trawls, 
P. tarda was found in one sample only, off Nicaragua (Fig. 23.4). Distribution From 
Unalaska, USA, to off Ecuador. Also known from the Atlantic Ocean (Hendrickx 
and Estrada-Navarrete 1996).

Family Pandalidae
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 8. Heterocarpus hostilis Faxon, 1893 (Fig. 23.5b)

Material Examined. St. 11 (07°23′36.6″N, 79°29′20.4″W), November 14, 2010, 
1292 m; St. 10 (07°30′55.8″N, 79°11′48.6″w), November 13, 2010, 1020 m; St. 12 
(07°23′42.0″N, 79°32′20.4″W), November 14, 2010, 1021 m; St. 13 (07°25′55.8″N, 
79°33′40.2″W), November 14, 2010, 711 m; St. 16 (07°14′39.6″N, 79°40′03.6″W), 
November 15, 2010, 1446 m; St. 17 (07°16′16.2″N, 79°39′52.2″W), November 15, 
2010, 1141 m; St. 18 (07°20′57.0″N, 79°40′03.6″W), November 18, 2010, 720 m; 
St. 24 (07°01′47.4″N, 80°57′57.6″W), November 17, 2010, 1364  m; St. 25 
(07°05′20.4″N, 80°55′16.2″W), November 17, 2010, 1113 m; St. 26 (07°08′50.4″N, 
81°07′29.4″W), November 17, 2010, 954 m; St. 28 (06°54′12.0″N, 81°18′43.2″W), 
November 18, 2010, 1467 m; St. 34 (06°57′00.6″N, 81°44′43.8″W), November 19, 
2010, 1033 m; St. 40 (07°38′27.00″N, 82°27′04.2″W), November 20, 2010, 1185 m; 
St. 42 (07°58′55.2″N, 82°44′25.8″W), November 21, 2010, 1115  m; St. 43 
(07°56′43.8″N, 82°48′30.0″W), November 21, 2010, 951 m; St. 44 (07°53′27.6″N, 
82°50′31.8″W), November 21, 2010, 1093 m; St. 45 (08°16′03.0″N, 83°11′21.0″W), 
November 22, 2010, 1376 m; St. 46 (08°13′54.6″N, 83°10′34.2″W), November 22, 
2010, 1260 m; St. 52 (08°46′03.0″N, 84°15′43.8″W), November 23, 2010, 836 m; 
St. 53 (09°01′33.6″N, 84°35′34.8″W), November 24, 2010, 1359  m; St. 54 
(09°04′52.8″N, 84°34′30.0″W), November 24, 2010, 1188 m; St. 55 (09°08′49.8″N, 
84°34′40.8″W), November 24, 2010, 902 m; St. 58 (09°23′30.6″N, 85°10′16.2″W), 
November 25, 2010, 1270 m; St. 59 (09°25′40.8″N, 85°09′40.8″W), November 25, 

Fig. 23.4 Sampling localities of Pasiphaea emarginata, P. magna, P. tarda, and Sclerocrangon 
atrox in the survey area
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2010, 841 m; St. 62 (09°22′01.2″N, 85°27′13.2″W), November 25, 2010, 1457 m; 
St. 63 (09°43′47.4″N, 85°49′53.4″W), December 3, 2010, 1530  m; St.65 
(09°39′54.0″N, 85°43′54.6″W), December 3, 2010, 1178 m; St. 71 (10°41′15.0″N, 
86°33′07.8″W), December 5, 2010, 827 m; St. 72 (10°29′28.8″N, 86°27′30.0″W), 
December 5, 2010, 1212  m; St.75 (11°01′02.4″N, 86°51′54.6″W), December 6, 
2010, 784 m; St. 76 (10°50′21.6″N, 86°44′54.0″W), December 6, 2010, 1145 m; St. 
77 (11°25′59.4″N, 87°26′34.8″W), December 7, 2010, 1370 m; St. 78 (11°25′32.4″N, 
87°24′04.8″W), December 7, 2010, 1087 m; St.81 (11°42′10.8″N, 87°03′48.6″W), 
December 7, 2010, 122  m; St. 82 (11°43′39.0″N, 87°40′01.8″W), December 8, 
2010, 1471 m; St. 83 (1°50′45.6″N, 87°42′32.4″W), December 8, 2010, 1116 m; St. 
86 (12°07′09.6″N, 88°16′07.8″W), December 9, 2010, 1389 m; St. 87 (12°10′16.2″ 
N, 88°14′57.6″W), December 9, 2010, 1100 m; St. 88 (12°12′04.8″N, 88°11′56.4″W), 
December 9, 2010, 767 m; St. 96 (12°57′39.6″N, 90°19′02.4″W), December 11, 
2010, 1100 m; St. 97 (13°02′30.0″N, 90°13′19.8″W), December 9, 2010, 407 m; St. 
99 (13°04′58.8″N, 90°36′07.2″W), December 12, 2010, 1054  m; St. 100 
(13°06′48.6″N, 90°35′39.6″W), December 12, 2010, 798 m. Comments One of 
the four species of Heterocarpus occurring in the East Pacific, H. hostilis was one 
of the most frequently (43 trawls) collected during this survey (Fig. 23.6). It has 
been reported in depths of 187 to about 1900 m (Hendrickx 1995a). In this study it 
was collected off El Salvador, Nicaragua, Costa Rica, and Panama, in depths 
between 122 and 1530  m depth. Distribution Previously known from Mexico 
(23°16′42″N, 110°54′55″W) to off Supe, Peru (Hendrickx and Wicksten 2016).

 9. Heterocarpus vicarius Faxon, 1893

Material Examined. St. 2 (07°20′36.6″N, 78°06′45.0″W), November 12, 2010, 
412  m; St. 5 (07°34′16.8″N, 78°47′40.2″W), November 12, 2010, 430  m; St. 7 
(07°37′57.6″N, 79°07′21.0″W), November 13, 2010, 478 m; St. 8 (07°32′52.2″N, 
79°12′49.8″W), November 13, 2010, 757 m; St. 14 (07°32′35.4″N, 79°26′52.8″W), 
November 14, 2010, 435 m; St. 19 (07°23′08.4″N, 79°43′51.6″W), November 15, 
2010, 480 m; St. 22 (07°11′21.6″N, 80°10′10.8″W), November 16, 2010, 454 m; St. 
23 (07°14′48.0″N, 80°13′50.4″W), November 16, 2010, 103 m; St. 35 (07°04′14.4″N, 
81°42′37.8″W), November 19, 2010, 671 m; St. 39 (07°44′33.6″N, 82°25′16.8″W), 
November 20, 2010, 243 m; St. 40 (07°38′27.0″N, 82°27′04.2″W), November 20, 
2010, 1185 m; St. 51 (08°46′19.8″N, 84°05′55.2″W), November 23, 2010, 477 m; 
St. 52 (08°46′03.0″N, 84°15′43.8″W), November 23, 2010, 836  m; St. 60 
(09°27′00.0″N, 85°09′0.00″W), November 25, 2010, 515 m. Comments Collected 
in 14 trawls, between 103 and 1185  m, off Costa Rica and Panama (Fig.  23.7). 
Reported in trawls between 73 and 760 m and in traps between 329 and 1454 m 
(Hendrickx 1995a). Distribution Gulf of California, Mexico, to off Mollendo, 
Peru (Wicksten and Hendrickx 2003).

 10. Pandalus amplus (Bate, 1888) (Fig. 23.5c)
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Material Examined. St. 77 (11°25′59.4″N, 87°26′34.8″W), December 7, 2010, 
1370  m. Comments. Found in one trawl only, at 1350  m depth off Guatemala 
(Fig. 23.7).

Distribution Pandalus amplus is the most widely distributed species of decapod 
crustaceans of the Americas, ranging from California, USA, to southern Chile and 
into the SW Atlantic (Boschi 2000; Wicksten and Hendrickx 2003).

Family Crangonidae

Fig. 23.5 (a). Pasiphaea tarda. (b) Heterocarpus hostilis. (c) Pandalus amplus. (d). Sclerocrangon 
atrox. (e). Galacantha diomedeae. (f). Stereomastis pacifica
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 11. Metacrangon procax (Faxon, 1893)

Material Examined. St. 6 (07°42′28.8″N, 78°57′48.6″W), November 13, 2010, 
109 m. Comments. Collected in one sample only, off Panama (Fig. 23.8). This 
species has been recorded throughout its range between 830 and 1658  m depth 
(Wicksten 1989), and the depth reported for the specimen examined herein is con-
sidered very unlikely. Distribution From southern California, USA, to off Atico, 
Peru, including the central and southern Gulf of California (Hendrickx 2012b, 2014a).

 12. Sclerocrangon atrox Faxon, 1893 (Fig. 23.5d)

Material Examined. St. 65 (09°39′54.0″N, 85°43′54.6″W), December 3, 2010, 
1178 m. Comments Collected in one sample only, off Costa Rica (Fig. 23.4), in 
1178  m depth. The bathymetric range for this species is 800–1586  m depth. 
Distribution From western Mexico (27°05′42″N, 114°35′30″W) to off Mollendo, 
Peru, including the SW Gulf of California (Hendrickx 2014a).

Family Glyphocrangonidae

 13. Glyphocrangon alata Faxon, 1893

Material Examined. St. 8 (07°32′52.2″N, 79°12′49.8″W), November 13, 2010, 
757 m; St. 10 (07°30′55.8″N, 79°11′48.6″W), November 13, 2010, 1020 m; St. 12 
(07°23′42.0″N, 79°32′20.4″W), November 14, 2010, 1021 m; St. 13 (07°25′55.8″N, 
79°33′40.2″W), November 14, 2010, 711 m; St.14 (07°32′35.4″N, 79°26′52.8″W), 
November 14, 2010, 435 m; St. 18 (07°20′57.0″N, 79°40′03.6″W), November 15, 
2010, 720 m; St. 19 (07°23′08.42″N, 79°43′51.6″W), November 15, 2010, 480 m; 
St. 21 (07°09′43.8″N, 80°08′03.0″W), November 16, 2010, 764  m; St. 26 
(07°08′50.4″N, 81°07′29.4″W), November 17, 2010, 954 m; St. 30 (07°05′40.2″N, 
81°27′43.8″W), November 18, 2010, 864 m; St. 33 (07°00′37.8″N, 81°44′00.0″W), 
November 19, 2010, 716 m; St. 34 (06°57′0.6″N, 81°44′43.8″W), November 19, 
2010, 1033 m; St. 35 (07°04′14.4″N, 81°42′37.8″W), November 19, 2010, 671 m; 
St. 36 (07°10′54.0″N, 81°40′00.6″W), November 19, 2010, 143  m; St. 43 
(07°56′43.8″N, 82°48′30.0″W), November 21, 2010, 951 m; St. 44 (07°53′27.6″N, 
82°50′31.8″W), November 21, 2010, 1093 m; St. 52 (08°46′03.0″N, 84°15′43.8″W), 
November 23, 2010, 836 m; St. 53 (09°01′33.6″N, 84°35′34.8″W), November 24, 
2010, 1396 m; St. 55 (09°08′49.8″N, 84°33′40.8″W), November 24, 2010, 902 m; 
St. 58 (09°23′30.6″N, 85°10′16.2″W), November 25, 2010, 1270  m; St. 59 
(09°25′40.8″N, 85°09″ 40.8″W), November 25, 2010, 841  m. Comments This 
species appears to be very common off the southern portion of Central America, 
with 21 samples obtained off Costa Rica and Panama (Fig. 23.8), between 143 and 
1369 m depth. The 143 m depth record, however, is doubtful and contrasts with the 
rest of the samples (20 were deeper than 435 m) and the previously known bathy-
metric range of this species, i.e., 600–1325  m (Hendrickx 2012b). 
Distribution Known from the SE Gulf of California, Mexico, to Valparaiso, Chile 
(Hendrickx 2012b).
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 14. Glyphocrangon spinulosa Faxon, 1893

Material Examined. St. 62 (09°22′01.2″N, 85°27′13.2″W), November 25, 2010, 
1457 m; St. 63 (09°43′47.4″N, 85°49′53.4″W), December 3, 2010, 1530 m; St.65 
(09°39′54,0″N, 85°43′54.6″W), December 3, 2010, 1178 m; St. 72 (10°29′28.8″N, 
86°27′30.0″W), December 5, 2010, 1212 m; St. 77 (11°25′59.4″N, 87°26′34.8″W), 
December 7, 2010, 1370 m; St. 78 (11°25′32.8″N, 87°24′04.8″W), December 7, 
2010, 1087 m; St. 83 (11°50′45.6″N, 87°42′32.4″W), December 8, 2010, 1116 m; 
St. 86 (12°07′15.6″N, 88°16′07.8″W), December 9, 2010, 1389  m; St. 87 
(12°10′16.2″N, 88°14′57.6″W), December 9, 2010, 1100 m; St. 94 (12°53′15.6″N, 
90°09′30.6″W), December 11, 2010, 1368 m; St. 99 (13°04′58.8″, 90°36′07.2″W), 
December 12, 1054 m. Comments Collected in 11 samples, off Guatemala, El 
Salvador, Nicaragua, and Costa Rica (Fig. 23.8), in depths of 1054 to 1530 m, a 
depth range that fits well with the previously reported depth range, i.e., 956–1586 m 
(Hendrickx 2012b). Distribution Cortez Basin, California, USA, to Panama, 
including the SE Gulf of California (Hendrickx 2012b.

Axiidea
Family Axiidae

 15. Guyanacaris caespitosa (Squires, 1979) (Fig. 23.9a)

Material Examined. St. 36 (07°10′54.0″N, 81°40′06.0″W), November 19, 2010, 
143 m. Comments Collected in one sample only, off Panama (Fig. 23.10). Known 

Fig. 23.6 Sampling localities of Heterocarpus hostilis in the survey area
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from depths between 72 and 200 m (Hendrickx 1995b). Distribution East coast of 
the Gulf of California, Mexico, to Mancora, Peru. In Central America there is only 
one record in Corinto, Nicaragua (Hendrickx 2005a, b).

Astacidea
Family Nephropidae

 16. Nephropsis occidentalis Faxon, 1893 (Fig. 23.9b)

Material Examined. St. 26 (07°08′50.4″N, 81°07′29.4″W), November 17, 2010, 
954 m; St. 52 (08°46′03.0″N, 84°15′43.8″W), November 23, 2010, 836 m; St. 55 
(09°08′49.8″N, 84°33′40.8″W), November 24, 2010, 902 m; St. 65 (09°39′54.0″N, 
85°43′54.6″W), December 3, 2010, 1178 m; St. 72 (10°29′28.8″N, 86°27′30.0″W), 
December 5, 2010, 1212 m; St. 76 (11°01′02.4″N, 86°51′54.6″W), December 6, 
2010, 784 m; St. 78 (11°25′32.4″N, 87°24′04.8″W), December 7, 2010, 1087 m; St. 
83 (11°50′45.6″N, 67°42′32.4″W), December 8, 2010, 1116 m; St. 87 (12°10′16.2″N, 
88°14′57.6″W), December 9, 2010, 1100 m; St. 96 (12°57′39.6″N, 90°19′02.4″W), 
December 11, 2010, 1100 m; St. 99 (13°04′58.8″N, 90°36′07.2″W), December 12, 
2010, 1054 m. Comments Collected in 11 samples, off El Salvador, Nicaragua, 
Costa Rica, and Panama (Fig. 23.11). The specimens were captured between 784 
and 1212 m depth that fit well with the known bathymetric distribution of this spe-
cies which is 270–1310 m (Papiol et al. 2016). Distribution Nephropsis occiden-
talis features a very wide distributional range, from off the Baja California Peninsula 
(27°05′42″N) to southern Chile (Papiol et al. 2016).

Fig. 23.7 Sampling localities of Heterocarpus vicarius and Pandalus amplus in the survey area
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Polychelida
Family Polychelidae

 17. Stereomastis pacifica (Faxon, 1893) (Fig. 23.5f)

Material Examined. St. 63 (09°43′47.4″N, 85°49′53.4″W), December 12, 2010, 
1530 m; St. 64 (09°40′49.8″N, 85°43′38.4″W), December 3, 2010, 1105 m; St. 72 
(10°39′28.8″N, 86°27′30.0″W), December 5, 2010, 1212 m. Comments Collected 
in three samples, off Costa Rica (Fig. 23.10), between 1105 and 1530 m. This spe-
cies has been reported between 982 and 3330 depth (Hendrickx). 
Distribution Concepción Point, California, USA, to Chile (25°S, 70°40′W), 
including the SW Gulf of California, Mexico (Hendrickx 2015a).

Anomura
Family Munididae

 18. Pleuroncodes planipes (H. Milne Edwards, 1837)

Material Examined. St. 38 (07°43′24.6″N, 82°03′25.2″W), November 20, 2010, 
144 m; St. 39 (07°44′33.6″N, 82°25′16.8″W), November 20, 2010, 243 m; St. 57 
(09°14′25.2″N, 84°34′12.0″W), November 24, 2010, 134 m; St. 73 (11°05′03.0″N, 
86°44′45.6″W), December 5, 2010, 153 m; St. 81 (11°42′10.8″N, 87°03′48.6″W), 
December 7, 2010, 122  m; St. 83 (11°50′45.6″ N, 87°42′32.4″W), December 8, 
2010, 1116 m; St. 85 (11°55′54.6″N, 87°33′30.6″W), December 8, 2010, 181 m; St. 

Fig. 23.8 Sampling localities of Metacrangon procax, Glyphocrangon alata, and G. spinulosa in 
the survey area
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90 (12°17′24.0″N, 88°04′28.8″W), December 9, 2010, 131 m; St. 91 (12°44′38.4″N, 
88°59′39.6″W), December 10, 2010, 105 m; St. 92 (13°01′11.4″N, 89°27′29.4″W), 
December 10, 2010, 104 m; St. 98 (13°18′48.0″N, 90°00′11.4″W), December 11, 
2010, 114 m; St. 102 (13°17′33.6″N, 90°24′16.2″W), December 12, 2010, 165 m; 
St. 103 (13°42′50.4″N, 91°50′06.6″W), December 13, 2010, 117  m; St. 104 
(13°32′47.4″N, 91°29′52.8″W), December 13, 2010, 114 m; St. 105 (13°28′37.2″N, 
91°23′49.8″W), December 13, 2010, 137 m. Comments A pelagic species with 
benthic phase, P. planipes is often extraordinary abundant in bottom trawls made by 
fishing boats on the continental shelf (Aurioles-Gamboa and Balart 1995). In this 
study, it was found in 15 samples in  localities with total depth between 104 and 
1116 m off Guatemala, El Salvador, Nicaragua, Costa Rica, and Panama (Fig. 23.12). 
Distribution From California, USA, to off Costa Rica, including the Gulf of 
California (Hendrickx 2012c).

Family Munidopsidae

 19. Galacantha diomedeae (Faxon, 1893) (Fig. 23.5e)

Material Examined. St. 30 (07°05′40.2″N, 81°27′43.8″W), November 18, 2010, 
864  m; St. 53 (09°01′33.6″N, 84°35′34.8″W), November 24, 2010, 1359  m. 
Comments A widely spread and common species off western Mexico (Hendrickx 
and Papiol 2019), G. diomedeae was found in only two samples, off Costa Rica and 
Panama (Fig. 23.13), in 864 and 1359 m depth. Its known depth range is 768–3790 m 
(Baba et al. 2008). Distribution From off San Clemente, California, USA, to off 
Constitución (35°31.48′S), Chile (Baba et al. 2008; Hendrickx and Papiol 2019).

 20. Munidopsis depressa Faxon, 1893

Material Examined. St. 70 (10°41′03.6″N, 86°24′52.8″W), December 4, 2010, 
243  m. Comments. Collected in one sample, in 243  m depth, off Costa Rica 
(Fig. 23.13). This record is surprising as M. depressa, a frequently collected species 
of Munidopsis in western Mexico, has been recorded in depths of 780–1300  m 
(Hendrickx 2012c). Distribution Munidopsis depressa is known from off Catalina 
Island, California, USA, to off Guerrero (16°52′N), including the central and south-
ern Gulf of California, Mexico. A closely related species, M. hamata Faxon, 1893, 
ranges south to Chile (26–34°S) (Moscoso 2014).

Family Lithodidae

 21. Paralomis diomedeae (Faxon, 1893)

Material Examined. St. 18 (07°20′57.0″N, 79°40′03.6″W), November 15, 2010, 
720  m. Comments Collected in only one station, off Panama (Fig.  23.12), in 
720 m depth. The known depth range for this species is 680–935 m (Moscoso 2012). 
Distribution California, USA, Costa Rica, Panama, and to northern Peru 
(Moscoso 2012).
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Brachyura
Family Majidae

 22. Maiopsis panamensis Faxon, 1893

Material Examined. St. 11 (07°23′36.6″N, 79°29′20.4″W), November 14, 
2010, 1292 m; St. 41 (08°01′57.6″N, 82°33′51.0″W), November 21, 2010, 115 m; 
St. 42 (07°58′55.2″N, 82°44′25.8″W), November 21, 2010, 1115  m. 
Comments Collected in three samples, all off Panama (Fig. 23.14), in depths of 
115–1292 m. The reported depth range for this species is 15–335 m (maximum 
depth in the type locality) (Faxon 1895; Hendrickx 1995d). The depth range 
recorded during this study (115–1292  m) is considerably higher. 
Distribution From Abreojos Point (26°42′25″N, 113°34′22″W) to Caleta la 
Cruz, Peru, including the Gulf of California, Mexico (Hendrickx 2005b).

Fig. 23.9 (a). Guyanacaris caespitosa. (b). Nephropsis occidentalis. (c). Achelous xantusii. (d). 
Trichopeltarion corallinum
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Fig. 23.10 Sampling localities of Guyanacaris caespitosa and Stereomastis pacifica in the 
survey area

Fig. 23.11 Sampling localities of Nephropsis occidentalis in the survey area
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Fig. 23.12 Sampling localities of Pleuroncodes planipes and Paralomis diomedeae in the 
survey area

Fig. 23.13 Sampling localities of Galacantha diomedeae and Munidopsis depressa in the 
survey area
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Family Cancridae

 23. Cancer johngarthi Carvacho, 1989

Material Examined. St. 7 (07°37′57.6″N, 79°07′21.0″W), November 13, 2010, 
478 m; St. 14 (07°32′35.4″N, 79°26′52.8″W), November 14, 2010, 435 m; St. 19 
(07°23′08.4″N, 79°43′51.6″W), November 15, 2010, 480 m; St. 22 (07°11′21.6″N, 
80°10′10.8″W), November 16, 2010, 454 m. Comments Found in four localities, 
all off Panama (Fig.  23.14), in 435–480  m depth. The known depth range is 
61–523 m (Hendrickx 1995d). Distribution From off Guadalupe Island, Mexico, 
to the Bay of Panama, including the Gulf of California (Hendrickx 2005b).

Family Calappidae

 24. Platymera gaudichaudii H. Milne Edwards, 1837

Material Examined. St. 1 (07°24′49.8″N, 78°07′27.0″W), November 12, 2010, 
183 m; St. 20 (07°26′52.8″N, 79°50′24.0″W), November 15, 2010, 109 m; St. 32 
(07°15′15.0″N, 81°23′44.4″W), November 18, 2010, 108 m; St. 36 (07°10′54.0″N, 
81°40′00.6″W), November 19, 2010, 143 m. Comments Collected in four sam-
ples, off Panama (Fig. 23.15), in depths of 108 to 183 m. The reported depth range 
for this species is 31–400  m (Hendrickx 1995d). Distribution From Queen 
Charlotte Islands, Canada, to off Talcahuano, Chile (Moscoso 2012, Wicksten 2012).

Family Portunidae

 25. Achelous xantusii (Stimpson, 1860) (Fig. 23.9c)

Material Examined. St. 22 (07°11′21.6″N, 80°10′10.8″W), November 16, 2010, 
454 m. Comments Only one sample of this species was collected, off Panama 
(Fig. 23.15), in depth of 454 m. However, A. xantusii presents a pelagic phase and 
is often seen swimming near surface; thus, it was most certainly captured in the net 
when the gear was recovered. Distribution From Santa Barbara, California, USA, 
to the central and southern Gulf of California, south to off San Mateo del Mar, 
Oaxaca, Mexico (Hendrickx et al. 1997; Hendrickx 2005b; as Portunus xantusii). 
The southern distribution limit of A. xantusii is herein extended to off Panama.

Family Trichopeltariidae

 26. Trichopeltarion corallinum (Faxon, 1893) (Fig. 23.9d)

Material Examined. St. 65 (09°39′54.0″N, 85°43′54.6″W), December 3, 2010, 
1178  m; St. 76 (10°50′21.6″N, 86°44′54.0″W), December 6, 2010, 1145  m. 
Comments Collected in two samples, off Nicaragua and Costa Rica (Fig. 23.15), 
in 1145–1178  m. Known depth range is 507 to 1280  m (Guzmán et  al. 2009; 
Moscoso 2012). Distribution From the southern Gulf of California, Mexico, to 
Chiloe (42°35′S), Chile (Hendrickx 1996; Moscoso 2012).
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Fig. 23.14 Sampling localities of Maiopsis panamensis and Cancer johngarthi in the survey area

Fig. 23.15 Sampling localities of Platymera gaudichaudii, Achelous xantusii, and Trichopeltarion 
corallinum in the survey area
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23.5  Discussion

In this report, we document the presence of one species of stomatopod and 25 spe-
cies of decapod crustaceans in deep water off Central America. The number of 
localities where the species were found during this survey varied considerably, from 
1 (10 species) to 43 (Table 23.1). Species with the higher number of records were 
Heterocarpus hostilis (43), Haliporoides diomedeae (28), and Glyphocrangon alata 
(21) (Table 23.1), but these 3 species were not those with the widest distribution. 
Indeed, only two species, Solenocera agassizii and Pleuroncodes planipes, were 
collected throughout the survey area, off each of the five countries considered in the 
study (Table 23.1). Unfortunately, due to adverse circumstances, it was not possible 
to obtain quantitative data related to capture of the species reported herein.

Records for all species except four correspond to their previously known distri-
bution in the eastern Pacific. Distribution of Haliporoides diomedeae was extended 
to the north, from Panama to off El Salvador. The northernmost distribution limit of 
Solenocera agassizii is extended from off Costa Rica to off Guatemala. In the case 
of the pelagic shrimp Pasiphaea emarginata, the southernmost limit of its distribu-
tion range is now set to off Costa Rica, a considerable extension of over 10° of lati-
tude to the south. In a similar way, the swimming crab Achelous xantusii is also first 
recorded off Central America, with an extension of about 9° of latitude to the south. 
However, the distribution of the species complex A. xantusii (formerly reported as 
Portunus xantusii), considered for a long period of time to be composed of three 
subspecies (see Garth and Stephenson 1966) and recently validated at species rank 
(Mantelatto et al. 2018), should be carefully reviewed based on re- examination of 
fresh material.

Some bathymetric ranges observed during this survey are rather surprising and 
much deeper that previously reported. Squilla biformis was found in 116–1376 m 
depth, much deeper that the previously reported maximum depth, i.e., 518 m. In the 
East Pacific, stomatopods mostly occur in coastal areas and on the continental shelf 
(Hendrickx and Salgado-Barragán 2002). Although one particular group of species, 
the Bathysquilloidea (two families, four species) is known from deep water around 
the globe (Ahyong 2001), no member of it has so far been recorded off the coast of 
western America.

Another case is Metacrangon procax collected during the “Miguel Oliver” cruise 
in 109 m depth, almost eight times shallower than the shallowest depth on record 
(i.e., 830 m depth). One out of 21 samples of Glyphocrangon alata was presumably 
collected in shallow depth, i.e., 143 m vs. > 435 m for the rest of the samples; this 
is, again, a very unusual depth of residence for this species, and this record is also 
considered doubtful.

The recognition of Pleuroncodes planipes off Central America, one of two spe-
cies of the genus Pleuroncodes which distribution is restricted to the American 
Pacific, is based on comparison with material from off western Mexico. The two 
species, P. planipes and P. monodon (H. Milne Edwards, 1837), are very similar and 
might co-occur in Central America where P. monodon has been reported in deep 
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water (Hernáez and Wehrtmann 2014). Another Galatheoidea, Munida depressa, 
was collected in one sample, in 243 m depth, off Costa Rica. This record is also 
surprising as M. depressa, a frequently collected species of Munidopsis in western 
Mexico, has been recorded in depths >800  m (Hendrickx 2001). The general 
reported depth range, however, is from 185 to 1255 m (Wicksten 1989). During this 
survey, the large spider crab Maiopsis panamensis was collected twice in depths 
>1000 m, i.e., 1115 and 1292 m, at least three times deeper than maximum depth on 
record (15–335 m).

During a previous expedition in the same area aboard the R/V “Dr. F. Nansen” in 
1987, from the Gulf of Tehuantepec, Mexico, to Nicaragua, a large amount of speci-
mens were collected from the shelf and the upper slope. The vast majority of the 
samples, however, were collected in much shallower waters than during the R/V 
“Miguel Oliver” cruise, from 100 m depth or less (Bianchi 1991). Comparatively, 
only five species were common to these two cruises or similar: the stomatopod 
Squilla biformis and the decapods Solenocera agassizii, Heterocarpus sp. (probably 
H. vicarius), Pleuroncodes monodon (?P. planipes), and Platymera gaudichaudii 
(cited as Mursia) (Bianchi 1991).

Deep-water decapods in the eastern Pacific are much more diverse than what can 
be observed from the results of the R/V “Dr. F. Nansen” (Bianchi 1991) or the R/V 
“Miguel Oliver” cruises (this study). Based on previous studies by Hendrickx (2011, 
2012b, c, 2014a, b, 2019a, b; Hendrickx and Ayón-Parente 2012, 2013, 2014), the 
number of recorded benthic and benthypelagic species in water deeper than 350 m 
off western Mexico is 97, not including at least five unpublished new records or 
undescribed species. While reviewing records of decapod crustaceans occurring 
mostly in water deeper than 50 m, Wicksten (1989) listed 186 species, of which 161 
(87%) were found in depths >350 m. However, only 25 species (13%) showed a 
bathymetric distribution restricted to water deeper than 1500 m (Wicksten 1989). In 
a more recent study, Wicksten (this volume) reported 119 species occurring mostly 
below 700 m depth in the eastern Pacific. Compared to the eastern Pacific, the num-
ber of species of decapod crustaceans collected off Central America is low and 
represents only 16% of species recorded below 350  m depth. This percentage 
increases to 26% when compared to the fauna occurring below 350 only off west-
ern Mexico.

According to published information, it is likely that Squilla biformis is the only 
stomatopod occurring below 200 m depth off Central America. As seen from the 
comparative data cited previously and analyzing the overall distribution range of 
decapod crustaceans in the eastern Pacific, the number of species present off Central 
America is certainly much higher than the one reported herein (i.e., 25). It is there-
fore necessary to increase the number of surveys in these waters, particularly below 
the 500 m depth contour, in order to obtain additional, more complete information 
on these communities that likely occur below the minimum oxygen zone.

From a fishery viewpoint, a few species reported herein are subject to commer-
cial fishery, while some are recognized as presenting a real (high to medium) fishery 
potential (Table 23.2) due to their size or because similar species are exploited else-
where. Others have a “low” fishery potential (Table 23.2) for their small size, their 
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low meat-content, their very low abundance, or their bathymetric distribution. The 
development of intensive fishery activities in deep water, however, should be 
strongly limited until fundamental aspects linked to their population dynamic are 
fully understood. Management policy should then be established in order to avoid a 
rapid depletion of stocks of species that probably experience slow growing process.

Acknowledgments This paper is dedicated to my friend and colleague, the late Jorge A. López 
(RIP), who took an active part in this contribution and in the gathering of the information reported 
herein. Always enthusiastic in participating in studies dealing with marine species, Jorge left us 
when this project was going on. We also acknowledge the “Dirección General Especializada de 
OSPESCA” and Reinaldo Morales Rodríguez (SICA/OSPESCA) for their permission to use the 
information included in this contribution. Many thanks to Mercedes Cordero Ruiz for preparing 
the final version of this manuscript and to two reviewers for improving this manuscript.

Table 23.2 Fishery potential (high, medium, low) of species collected during this survey and their 
maximum size on record. TL, total length; CW, carapace width

Species Potential
Max. size 
(mm) Source

Squilla biformis High 208 (TL) Hendrickx and Salgado Barragán 
(1989)

Haliporoides diomedeae High 215 (TL) Hendrickx (1995a)
Solenocera agassizi High 155 (TL) Rodríguez et al. (2012)
Benthesicymus tanneri Medium 135 (TL) Hendrickx (2001)
Pasiphaea emarginata Low 81 (TL) Wicksten (2012)
Pasiphaea magna Medium 145 (TL) Wicksten (2012)
Pasiphaea tarda Medium 215 (TL) Wicksten (2012)
Heterocarpus hostilis High 140 (TL) Hendrickx (1995a)
Heterocarpus vicarius High 115 (TL) Hendrickx (1995a)
Pandalus amplus High 170 (TL) Hendrickx (1995a)
Metacrangon procax Low 50 (TL) Hendrickx (1995a)
Sclerocrangon atrox Medium 165 (TL) Hendrickx (1995a)
Glyphocrangon alata Medium 107 (TL) Hendrickx (1995a)
Glyphocrangon spinulosa Medium 168 (TL) Hendrickx (2012b)
Guyanacaris caespitosa Low 112 (TL) Hendrickx (2005a)
Nephropsis occidentalis Medium 130 (TL) Hendrickx (2003)
Stereomastis pacifica Low 129 (TL) Galil (2000)
Pleuroncodes planipes High 110 (TL) Aurioles-Gamboa and Balart (1995)
Galacantha diomedeae Low 32 (CW) Hendrickx and Papiol (2019)
Munidopsis depressa Low 38 (TL) Hendrickx (2001)
Paralomis diomedeae High 128 (CW) Haig (1974)
Maiopsis panamensis High 240 (CW) Hendrickx (1995d)
Cancer johngarthi High 140 (CW) Hendrickx (1995d)
Platymera gaudichaudii High 162 (CW) Wicksten (2012)
Achelous xantusii Low 70 (CW) Hendrickx (1995d)
Trichopeltarion 
corallinum

Low 26 (CW) Tavares and Cleva 2010
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Chapter 24
Diversity and Biology of Deep-Water 
Crustaceans in Costa Rica
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Abstract Crustaceans are an important component of deep-sea biodiversity. A 
brief review of the history of expeditions and studies related to deep-sea crustaceans 
in Costa Rica is presented. We briefly discuss studies on crustaceans from the Costa 
Rican deep-sea environments, and we provided an updated list of species recorded 
for the Pacific and the Caribbean. A total of 147 species has been reported from 
Costa Rican deep sea; 8 species have been reported from the Caribbean, 138 from 
the Pacific, and 1 from both basins. Decapoda was the most diverse group with 87 
species, followed by Copepoda (23 spp.) and Peracarida (19 spp.). The first deep- 
sea exploration in Costa Rica began with foreign efforts, with national projects and 
participation increasing in recent years. Most research dealing with crustaceans has 
been focused on reproductive biology, in collaboration with the deepwater shrimp 
fisheries. Future efforts to study the Costa Rican deep-sea will incorporate collabo-
ration with foreign expeditions and private companies since the country does not 
have enough funding invested in its deep sea. Finally, we discuss the current threats 
to deep-sea crustaceans, as well as future perspectives for the study of this fascinat-
ing group in Costa Rica.
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24.1  Introduction

The deep-sea is probably the last frontier of science and is the largest realm on Earth 
(Roberts et al. 2006; Ramírez-Llodra et al. 2011). Even so, only a small proportion 
of this habitat has been sampled, but we know that deep-sea diversity is quite 
remarkable and unique (Woolley et al. 2016). In the last decades, however, deple-
tion of resources on land (e.g., minerals) and onshore waters (e.g., seafood through 
fishing), coupled with increasing market demands and technological advances, have 
resulted in major economic, logistical, and political demands to exploit mineral and 
biological resources in the deep sea (Ramírez-Llodra et al. 2011; Norse et al. 2012; 
Levin and Le Bris 2015). Nonetheless, the ecosystems and species found in the deep 
sea are remarkably different from those occurring in shallow waters, and the former 
are considered highly vulnerable to exploitation and other forms of human-induced 
pressures, such as plastic pollution and climate change, in part because of their 
delayed maturity, slow growth, and low or sporadic recruitment (Jennings et  al. 
1998; Morato et al. 2006; Watson and Morato 2013). Therefore, recording the deep- 
sea diversity and studying its ecological dynamics are a prevailing requirement to 
develop conservation and management tools and to properly evaluate the impacts of 
human activities lurking this deep wilderness (Costello et al. 2013).

The exploration of deep-sea regions in Costa Rica (> 200 m depth) started in the 
late nineteenth century, and some crustaceans have been recorded from those early 
explorations (Cortés 2009) (see Sect. 24.3.1). But there has been little crustacean- 
specific research, and most studies only reported on the presence of “crabs” or 
“squat lobsters” in the deep-sea habitats, without specifying species or even sam-
pling the organisms for further study. In this contribution we compiled published 
and unpublished information to reconstruct the history of deep-sea crustacean 
research, to generate a baseline checklist of recorded species, and to comment on 
threats and future prospects for Costa Rican deep-sea carcinology.

24.2  Material and Methods

We reviewed the literature on deep-sea habitats from Costa Rica up to May 2020, 
including expeditions and cruise reports and published articles and books. We fol-
lowed the widely accepted definition for the deep sea as oceanic waters and seabed 
below 200 m depth (Gage and Tyler 1991; Greene et al. 1999; Roff and Taylor 2000; 
UNESCO 2009). We summarized the history of deepwater expeditions and deepwa-
ter crustacean records from Costa Rican waters. We also included descriptions of 
the most commonly studied deep-sea habitats, some references to the general biol-
ogy of deep-sea crustaceans, and an updated list of the deep-sea crustacean species 
recorded in Costa Rican waters, both in the Caribbean Sea and in the Pacific Ocean.
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24.3  Results and Discussion

24.3.1  Brief History of Expeditions and Studies Related 
to Crustaceans

The Costa Rican deep-sea habitats have been mainly explored by foreign expedi-
tions and cruises in both the Caribbean Sea and the Pacific Ocean (Cortés 2009). 
The first deepwater expedition took place in 1891, led by Alexander Agassiz on the 
US Fish Commission Steamer “Albatross” (Agassiz 1892; Townsend 1901; Cortés 
2009). They sampled near Isla del Coco from 26 February to 2 March, 1891, with 
dredging and trawling at 12 stations (#3362–3373), ranging in depth from 95 to 
3433 m. Crustaceans were collected and described by Faxon (1893, 1895). There 
were several expeditions to Costa Rica between the late nineteenth century and the 
early 1970s, but these took few deepwater samples. In 1925, the “Arcturus” 
Oceanographic Expedition, led by William Beebe, collected samples from three 
stations, between 272 and 1636 m depth (Beebe 1926). The New York Zoological 
Society 1938 expedition to the coast of the Pacific of Mesoamerica, lead again by 
William Beebe, collected deepwater samples at two stations, between 360 and 
910 m depth (Beebe 1938), but we were not able to locate any report of deepwater 
crustaceans from the stations visited during this expedition. Between 1933 and 1939 
the Allan Hancock Pacific Expeditions project collected shallow and shore samples 
(Fraser 1943). Several species of deep-sea organisms collected during the 1952 
“Galathea” expedition have been assigned to Costa Rica, for example, the tanaid-
acean Neotanais armiger described by Wolff (1956), but the station where it was 
collected was located in international waters (9°23’N, 89°32’W), outside the exclu-
sive economic zone (EEZ) of Costa Rica. This species was again collected during 
the RV “Vema” expedition of 1958, at a close-by station. The RV “Vema” also col-
lected within the limits of Costa Rican waters (6°21’N, 85°17’W; 1892 m) (Child 
1992), but we found no reports on crustaceans. Isolated collections were done by 
Carl Hubbs and Spencer Luke (Scripps Institution of Oceanography), aboard the 
RV “Agassiz” in 1973, and some deepwater crustaceans were reported from these 
collections (Luke 1977; Wicksten 1979).

The Caribbean of Costa Rica has been much less explored, and its crustacean 
fauna is practically unknown (Cortés 2009). During 1971, the RV “John Elliott 
Pillsbury” explored offshore waters of the Central American Caribbean, including 
two stations between 245 and 290 m and another three stations between 715 and 
770 m, but no crustacean collection were reported (Voss 1971). In 2011, the fishing 
vessel RV “Miguel Oliver” sampled along the Caribbean continental slope of 
Central America, including Costa Rica, in depth from 385 to 1481 m, but only one 
paper was published (dealing with echinoderms) (Cambronero-Solano et al. 2019).

Between 1987 and 2014, there was a series of geophysical expeditions along the 
Pacific margin of Costa Rica, including the Ocean Drilling Program; “Alvin” dives 
in 1994, 2004, and 2014; and a series of German cruises between 1999 and 2003 
(Ranero et al. 2008; Sahling et al. 2008; Wheat et al. 2017). An important discovery 
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was the presence of cold methane seeps and hydrothermal vents on the Pacific mar-
gin of Costa Rica, with rich biological communities (Sahling et  al. 2008; Levin 
et al. 2009, 2015; Wheat et al. 2019). Since 2006, waters surrounding Isla del Coco 
have been explored down to 450 m with the “DeepSee” submersible (Cortés and 
Blum 2008). In 2010, the RV “Miguel Oliver” collected samples along the Pacific 
coast of Central America, including Costa Rica (Robertson et al. 2017). Crustaceans 
have been recorded from these explorations, but most studies only report the pres-
ence of crabs or squat lobsters in these habitats, without specifying species or sam-
pling the organisms. However, further information on stomatopods and decapod 
crustaceans collected by this research vessel in 2010 is available in this report 
(Chap. 23).

The crustaceans inhabiting the Costa Rican deep sea have been poorly studied. 
Specific studies are limited to species associated with deep-sea fisheries (Wehrtmann 
and Echeverría-Sáenz 2007; Macpherson and Wehrtmann 2010; Villalobos-Rojas 
et al. 2020) or remarkable species associated with cold methane seeps such as the 
yeti crab Kiwa puravida (Thurber et al. 2011; Goffredi et al. 2014). Costa Rican 
scientists have partnered with commercial fisheries as their major source of samples 
(Wehrtmann and Echeverría-Sáenz 2007; Wehrtmann and Nielsen-Muñoz 2009; 
Macpherson and Wehrtmann 2010; Villalobos-Rojas et al. 2020).

24.3.2  General Description of Deep-Sea Environments

Costa Rica is a small Central America country, covering 51,100 km2, with a marine 
area almost 11 times larger than land area (583,548 km2). Most marine area (EEZ) 
corresponds to deep sea: 63% is below 2000 m and 36% below 3000 m (Cortés 
2016a, b; Cortés and Benavides-Varela in prep). Along the Pacific margin and in 
deeper waters, the substrate mostly consists of fine, soft sediments (Townsend 1901, 
Spinelli and Underwood 2004, Cortés unp data). On the Pacific margin, there are 
methane seeps where authigenic carbonates are deposited, and a high diversity of 
benthic organisms is found attached to these rocks (Sahling et al. 2008; Levin et al. 
2015). Seamounts and Isla del Coco are rocky environments with a unique biodiver-
sity, including crustaceans (Cortés 2019, Cortés unp. data).

24.3.3  Crustacean Fauna from Costa Rican Deep Waters

24.3.3.1  General Results

A total of 147 deep-sea crustacean species (96 genera, 56 families, 8 orders) has 
been recorded inhabiting benthic and pelagic habitats off Costa Rica, 138 occurring 
in the Pacific, 8 in the Caribbean, and 1 reported in both basins (Table 24.1). The 
group with the most species was the decapods with 87 species. Within these, the 
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Table 24.1 List of deep-sea crustaceans (>200 m) recorded within Costa Rican waters, in both the 
Caribbean Sea and the Pacific Ocean

Order Family Scientific name Area

Depth 
range 
Costa 
Rica Sources

Stomatopoda Hemisquillidae Hemisquilla 
californiensis 
Stephenson, 1967

P 273 Wehrtmann and 
Echeverría- 
Sáenz (2007)

Squillidae Squilla biformis 
Bigelow, 1891

P 131–
350

Camp and Kuck 
(1990)

Squilla hancocki 
Schmitt, 1940

P 220 Camp and Kuck 
(1990)

Squilla panamensis 
Bigelow, 1891

P 206–
208

Camp and Kuck 
(1990)

Euphausiacea Euphausiidae Euphausia diomedeae 
Ortmann, 1894

P 500 Azofeifa-Solano 
and Vargas- 
Castillo (2020)

Euphausia 
distinguenda Hansen, 
1908

P 500 Azofeifa-Solano 
and Vargas- 
Castillo (2020)

Euphausia eximia 
Hansen, 1911

P 200 Azofeifa-Solano 
et al. (2016)

Euphausia gibboides 
Ortmann, 1893

P 500 Azofeifa-Solano 
and Vargas- 
Castillo (2020)

Euphausia lamelligera 
Hansen, 1911

P 200 Azofeifa-Solano 
et al. (2016)

Euphausia tenera 
Hansen, 1905

P 200 Azofeifa-Solano 
et al. (2016)

Nematobrachion 
flexipes (Ortmann, 
1893)

P 500 Azofeifa-Solano 
and Vargas- 
Castillo (2020)

Nematoscelis gracilis 
Hansen, 1910

P 500 Azofeifa-Solano 
and Vargas- 
Castillo (2020)

Nematoscelis tenella 
G.O. Sars, 1883

P 500 Azofeifa-Solano 
and Vargas- 
Castillo (2020)

Stylocheiron affine 
Hansen, 1910

P 200 Azofeifa-Solano 
et al. (2016)

Stylocheiron carinatum 
G.O. Sars, 1883

P 200 Azofeifa-Solano 
et al. (2016)

Stylocheiron 
longicorne G.O. Sars, 
1883

P 200 Azofeifa-Solano 
et al. (2016)

Stylocheiron maximum 
Hansen, 1908

P 200 Azofeifa-Solano 
et al. (2016)

(continued)
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Table 24.1 (continued)

Order Family Scientific name Area

Depth 
range 
Costa 
Rica Sources

Thysanopoda 
orientalis Hansen, 
1910

P 500 Azofeifa-Solano 
and Vargas- 
Castillo (2020)

Decapoda Acanthephyridae Acanthephyra 
curtirostris Wood- 
Mason in Wood-Mason 
& Alcock, 1891

P 1646 Azofeifa-Solano 
and Vargas- 
Castillo (2020)

Meningodora mollis 
Smith, 1882

P 1408 Faxon (1893, 
1895)

Aethridae Hepatus pudibundus 
(Herbst, 1785)

C 14–210 Vargas and 
Wehrtmann 
(2009)

Osachila kaiserae 
Zimmerman & Martin, 
1999

P 2–219 Vargas and 
Wehrtmann 
(2009)

Alpheidae Alpheus bellimanus 
Lockington, 1877

P 0–300 Vargas and 
Cortés (1999)

Alvinocarididae Alvinocaris 
costaricensis Martin, 
Wall, Shank, Cha, Seid 
& Rouse, 2018

P 995–
1817

Martin et al. 
(2018)

Benthesicymidae Bentheogennema 
burkenroadi Krygier & 
Wasmer, 1975

P 500 Azofeifa-Solano 
and Vargas- 
Castillo (2020)

Benthoecetes tanneri 
(Faxon, 1893)

P 1650–
2149

Faxon (1893, 
1895)

Gennadas scutatus 
Bouvier, 1906

P 1646 Azofeifa-Solano 
and Vargas- 
Castillo (2020)

Calappidae Acanthocarpus 
delsolari Garth, 1973

P 93–250 Vargas and 
Wehrtmann 
(2009)

Calappula saussurei 
(Rathbun, 1898)

P 13–275 Vargas and 
Wehrtmann 
(2009)

Cryptosoma bairdii 
(Stimpson, 1860)

P 2.7–229 Vargas and 
Wehrtmann 
(2009)

Platymera 
gaudichaudii H. Milne 
Edwards, 1837

P 22–399 Vargas and 
Wehrtmann 
(2009)

Cancridae Cancer johngarthi 
Carvacho, 1989

P 90–523 Vargas and 
Wehrtmann 
(2009)

(continued)
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Table 24.1 (continued)

Order Family Scientific name Area

Depth 
range 
Costa 
Rica Sources

Colossendeidae Colossendeis sp. P 2582 Durkin (2018)
Crangonidae Parapontophilus 

gracilis (Smith, 1882)
P 1789–

1951
Faxon (1893, 
1895)

Sclerocrangon atrox 
Faxon, 1893

P 800–
1250

Vargas and 
Wehrtmann 
(2009)

Diogenidae Paguristes bakeri 
Holmes, 1900

P 40–232 Vargas and 
Wehrtmann 
(2009)

Epialtidae Stenocionops ovatus 
(Bell, 1835)

P 15–275 Vargas and 
Wehrtmann 
(2009)

Ethusidae Ethusa ciliatifrons 
Faxon, 1893

P 24–410 Vargas and 
Wehrtmann 
(2009)

Ethusina robusta 
(Miers, 1886)

P 460–
3260

Vargas and 
Wehrtmann 
(2009)

Ethusina gracilipes 
(Miers, 1886)

P 1157–
1454

Luke(1977)

Ethusina smithiana 
(Faxon, 1893)

P 245 Faxon (1893, 
1895)

Glyphocrangonidae Glyphocrangon alata 
Faxon, 1893

P 600–
1355

Vargas and 
Wehrtmann 
(2009)

Glyphocrangon nobilis 
A. Milne-Edwards, 
1881

P 1408–
1951

Faxon (1895)

Glyphocrangon sicaria 
Faxon, 1893

P 1866 Wicksten (1979)

Glyphocrangon vicaria 
Faxon, 1896

P 1866 Wicksten (1979)

Inachoididae Collodes tenuirostris 
Rathbun, 1894

P 5.5–265 Vargas and 
Wehrtmann 
(2009)

Kiwaidae Kiwa puravida 
Thurber, Jones & 
Schnabel, 2011

P 1000–
1040

Thurber et al. 
(2011)

Leucosiidae Iliacantha schmitti 
Rathbun, 1935

P 18–275 Vargas and 
Wehrtmann 
(2009)

(continued)
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Table 24.1 (continued)

Order Family Scientific name Area

Depth 
range 
Costa 
Rica Sources

Lithodidae Neolithodes diomedeae 
(Benedict, 1895)

P 640–
2450

Vargas and 
Wehrtmann 
(2009)

Lithodes panamensis 
Faxon, 1893

P 700–
1400

Macpherson and 
Wehrtmann 
(2010)

Lithodes wiracocha 
Haig, 1974

P 700–
1400

Macpherson and 
Wehrtmann 
(2010)

Paralomis longipes 
Faxon, 1893

P 1000–
1408

Faxon (1893, 
1895); Vargas 
and Wehrtmann 
(2009)

Paralomis papillata 
(Benedict, 1895)

P 700–
1400

Macpherson and 
Wehrtmann 
(2010)

Paralomis diomedeae 
(Faxon, 1893)

P 770–
825

Macpherson and 
Wehrtmann 
(2010)

Majidae Maiopsis panamensis 
Faxon, 1893

P 7.5–335 Vargas and 
Wehrtmann 
(2009)

Mithracidae Pitho lherminieri 
(Desbonne in 
Desbonne & Schramm, 
1867)

C 1–220 Vargas and 
Wehrtmann 
(2009)

Munididae Munida flinti Benedict, 
1902

C 110–
203

Vargas and 
Cortés (2006)

Munida gracilipes 
Faxon, 1893

P 140–
320

Wehrtmann 
et al. (2010)

Munida microphthalma 
A. Milne Edwards, 
1880

P 245 Faxon (1895)

Munida obesa Faxon, 
1893

P 40–320 Wehrtmann 
et al. (2010)

Munida perlata 
Benedict, 1902

P 190–
3292

Vargas and 
Wehrtmann 
(2009)

Munida refulgens 
Faxon, 1893

P 40–290 Wehrtmann 
et al. (2010)

Munidopsidae Galacantha diomedeae 
Faxon, 1893

P 1157–
3433

Faxon (1893, 
1895); Luke 
(1977)

(continued)
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Table 24.1 (continued)

Order Family Scientific name Area

Depth 
range 
Costa 
Rica Sources

Galacantha rostrata 
A. Milne Edwards, 
1880

P 2149 Faxon (1893, 
1895)

Munidopsis 
albatrossae 
W.E. Pequegnat & 
L.H. Pequegnat, 1973

P 3570 Vargas and 
Wehrtmann 
(2009)

Munidopsis antonii 
(Filhol, 1884)

P 2519–
3676

Vargas and 
Wehrtmann 
(2009)

Munidopsis aspera 
(Henderson, 1885)

P 245 Faxon (1893, 
1895)

Munidopsis hamata 
Faxon, 1893

P 1190–
1281

Wehrtmann 
et al. (2010)

Munidopsis nitida 
(A. Milne Edwards, 
1880)

P 1789 Faxon (1895)

Munidopsis sp. P 1000–
1040

Levin et al. 
(2012)

Munidopsis vicina 
Faxon, 1893

P 3063–
3885

Vargas and 
Wehrtmann 
(2009)

Pleuroncodes monodon 
(H. Milne Edwards, 
1837)

P 150–
350

Wehrtmann 
et al. (2010)

Nematocarcinidae Nematocarcinus 
agassizii Faxon, 1893

P 245–
1650

Faxon (1893, 
1895)

Nematocarcinus 
ensifer (Smith, 1882)

P 1789–
1951

Faxon (1895)

Nephropsidae Nephropsis 
occidentalis Faxon, 
1893

P 270–
1310

Vargas and 
Wehrtmann 
(2009)

Paguridae Solenopagurus 
diomedeae (Faxon, 
1893)

P 333 Vargas and 
Wehrtmann 
(2009)

Tomopagurus 
merimaculosus 
(Glassell, 1937)

P 36–274 Vargas and 
Wehrtmann 
(2009)

Palicidae Exopalicus maculatus 
(Edmondson, 1930)

P 192–
280

Vargas and 
Wehrtmann 
(2009)

Pandalidae Heterocarpus affinis 
Faxon, 1893

P 900–
1244

Luke (1977); 
Vargas and 
Cortés (1999)

(continued)
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Table 24.1 (continued)

Order Family Scientific name Area

Depth 
range 
Costa 
Rica Sources

Heterocarpus hostilis 
Faxon, 1893

P 933–
1789

Faxon (1893, 
1895); Luke 
(1977)

Heterocarpus vicarius 
Faxon, 1893

P 62–
1454

Vargas and 
Cortés (1999)

Plesionika unidens 
Spence Bate, 1888

P 3–733 Vargas and 
Cortés (1999)

Plesionika mexicana 
Chace, 1937

P 28–258 Vargas and 
Cortés (1999)

Plesionika trispinus 
Squires & Barragan, 
1976

P 96–500 Vargas and 
Cortés (1999)

Parapaguridae Parapagurus holthuisi 
Lemaitre, 1989

P 1408–
2149

Faxon (1895)

Probeebei mirabilis 
Boone, 1926

P 1145 Boone (1926); 
Lemaitre (1998)

Penaeidae Penaeus brasiliensis 
Latreille, 1817

C 365 Tabash (1995)

Pelagopenaeus 
balboae (Faxon, 1893)

P 1408 Faxon (1895)

Pilumnidae Pilumnus townsendi 
Rathbun, 1923

P 24–288 Vargas and 
Wehrtmann 
(2009)

Polychelidae Stereomastis nana 
(Smith, 1884)

P 2149 Faxon (1895)

Stereomastis pacifica 
(Faxon, 1893)

P 1000–
3692

Vargas and 
Wehrtmann 
(2009)

Portunidae Achelous gibbesii 
(Stimpson, 1859)

C 0–393 Vargas and 
Wehrtmann 
(2009)

Achelous spinicarpus 
Stimpson, 1871

C 9–550 Vargas and 
Wehrtmann 
(2009)

Achelous iridescens 
(Rathbun, 1894)

P 13–274 Vargas and 
Wehrtmann 
(2009)

Portunus xantusii 
(Stimpson, 1860)

P 10–270 Vargas and 
Wehrtmann 
(2009)

Raninidae Raninoides lamarcki 
A. Milne-Edwards & 
Bouvier, 1923

C 45–240 Moran and 
Dittel (1993)
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Table 24.1 (continued)

Order Family Scientific name Area

Depth 
range 
Costa 
Rica Sources

Sergestidae Neosergestes 
consobrinus (Milne, 
1968)

P 500 Azofeifa-Solano 
and Vargas- 
Castillo (2020)

Phorcosergia filicta 
(Burkenroad, 1940)

P 1646 Azofeifa-Solano 
and Vargas- 
Castillo (2020)

Allosergestes pestafer 
(Burkenroad, 1937)

P 180–
250

Vargas and 
Cortés (1999)

Solenoceridae Haliporoides 
diomedeae (Faxon, 
1893)

P 240–
1865

Faxon (1895)

Hymenopenaeus doris 
(Faxon, 1893)

P 549–
4802

Faxon (1895)

Hymenopenaeus 
nereus (Faxon, 1893)

P 1951 Faxon (1893, 
1895)

Solenocera agassizii 
Faxon, 1893

P 16–384 Faxon (1895)

Xanthidae Edwardsium lobipes 
(Rathbun, 1898)

P 7–273 Vargas and 
Wehrtmann 
(2009)

Nanocassiope polita 
(Rathbun, 1894)

P 55–274 Vargas and 
Wehrtmann 
(2009)

Amphipoda Ampeliscidae Ampelisca 
brevisimulata 
J.L. Barnard, 1954

P 4–456 Foster et al. 
(2009)

Ampelisca hancocki 
J.L. Barnard, 1954

P 9–210 Foster et al. 
(2009)

Ampelisca romigi 
J.L. Barnard, 1954

P 3–503 Foster et al. 
(2009)

Paraphronimidae Paraphronima gracilis 
Claus, 1879

P 500 Gasca (2009)

Phronimidae Phronima sedentaria 
(Forskål, 1775)

P 50–400 Gasca (2009)

Cumacea Diastylidae Diastylis tenebricosa 
Jones, 1969

P 3570 Petrescu et al. 
(2009)

Makrokylindrus 
(Adiastylis) menziesi 
Bacescu, 1962

P 3400–
3500

Petrescu et al. 
(2009)

Vemakylindrus 
costaricanus Bacescu, 
1961

P 3718 Petrescu et al. 
(2009)

(continued)
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Table 24.1 (continued)

Order Family Scientific name Area

Depth 
range 
Costa 
Rica Sources

Isopoda Mesosignidae Mesosignum 
admirandum Menzies 
& Frankenberg, 1967

P 1016–
1892

Brusca and 
Wehrtmann 
(2009)

Mesosignum asperum 
Menzies & 
Frankenberg, 1967

P 3517–
3950

Brusca and 
Wehrtmann 
(2009)

Mesosignum macrum 
Menzies & 
Frankenberg, 1967

P 3254–
3260

Brusca and 
Wehrtmann 
(2009)

Munnopsidae Munnopsis longiremus 
Richardson, 1912

P 1485–
3570

Brusca and 
Wehrtmann 
(2009)

Paropsurus giganteus 
Wolff, 1962

P 3570–
4400

Brusca and 
Wehrtmann 
(2009)

Vanhoeffenura pulchra 
(Hansen, 1897)

P 2487–
3570

Brusca and 
Wehrtmann 
(2009)

Aegidae Aega acuminata 
Hansen, 1897

P 1353 Brusca and 
Iverson (1985)

Aega maxima Hansen, 
1897

P 2149 Hansen (1897)

Aegiochus plebeia 
(Hansen, 1897)

P 1789 Hansen (1897)

Rocinela murilloi 
Brusca & Iverson, 
1985

P 1866 Brusca and 
Iverson (1985)

Rocinela wetzeri 
Brusca & France, 1992

P 1157–
1454

Brusca and 
France (1992)

Calanoida Aetideidae Aetideopsis rostrata 
Sars G.O., 1903

P 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Aetideus armatus 
(Boeck, 1872)

P 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Euchirella amoena 
Giesbrecht, 1888

P 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

(continued)

J. C. Azofeifa-Solano and J. Cortés



645

Table 24.1 (continued)

Order Family Scientific name Area

Depth 
range 
Costa 
Rica Sources

Valdiviella brevicornis 
Sars G.O., 1905

P 100–
1000

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Augaptilidae Augaptilus 
longicaudatus (Claus, 
1863)

P 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Haloptilus acutifrons 
(Giesbrecht, 1893)

P 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Haloptilus longicornis 
(Claus, 1863)

P-C 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Haloptilus mucronatus 
(Claus, 1863)

P 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Haloptilus ornatus 
(Giesbrecht, 1893)

P 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Haloptilus oxycephalus 
(Giesbrecht, 1889)

P 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Calanidae Canthocalanus pauper 
(Giesbrecht, 1888)

P 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Undinula vulgaris 
(Dana, 1849)

C 100–
1000

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Paracalanidae Calocalanus 
plumulosus (Claus, 
1863)

P 400–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Euchaetidae Euchaeta media 
Giesbrecht, 1888

P 600–
2000

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

(continued)

24 Diversity and Biology of Deep-Water Crustaceans in Costa Rica



646

most speciose families were Munidopsidae squat lobsters with ten species, followed 
by Pandalidae shrimps, Lithodidae king crabs, and Munididae squat lobsters, with 
six species each. Other groups with high number of species were the copepods (23 
spp.) and the peracarids (19 spp.) (Table 24.1). The overall depth range of these 147 
species occurs from sea surface to 4802 m. Among these, 40 species have depth 
ranges that include water shallower than 200 m, and most inhabit deep waters down 

Table 24.1 (continued)

Order Family Scientific name Area

Depth 
range 
Costa 
Rica Sources

Heterorhabdidae Heterorhabdus 
papilliger (Claus, 
1863)

P 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Lucicutiidae Lucicutia bicornuta 
Wolfenden, 1905

P 400–
500

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Lucicutia grandis 
(Giesbrecht, 1895)

P 300–
500

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Metridinidae Pleuromamma 
quadrungulata (Dahl 
F., 1893)

P 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Pleuromamma robusta 
robusta (Dahl F., 1893)

P 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Pontellidae Pontella agassizii 
Giesbrecht, 1895

P 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Scolecitrichidae Amallothrix gracilis 
(Sars G.O., 1905)

P 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Scolecithricella 
dentata (Giesbrecht, 
1893)

P 200–
600

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Mormonilloida Mormonillidae Neomormonilla minor 
(Giesbrecht, 1891)

P 400–
1500

Morales- 
Ramírez and 
Suárez-Morales 
(2009)

Areas: P Pacific Ocean, C Caribbean Sea, PC both. Depth range provided for Costa Rica only

J. C. Azofeifa-Solano and J. Cortés



647

to 400 m. The other 107 species have been recorded exclusively in the deep sea 
(deeper than 200 m). There are 14 species of decapods and cumaceans that occur 
below the 3000 m depth, with Hymenopenaeus doris (Faxon 1893) and Paropsurus 
giganteus Wolff, 1962, holding the record of maximum depth at 4802 m and 4400 m, 
respectively (Table 24.1).

24.3.3.2  Stomatopoda

Stomatopods, commonly known as mantis shrimps or sea scorpions (locally known 
as “alacranes de mar”), are a relatively well-known group in Costa Rica coastal and 
shallow waters in terms of richness (Reaka and Manning 1980; Vargas 2009; Salas- 
Moya and Vargas-Castillo 2016). Below 200 m depth, however, only four species 
have been reported: Squilla biformis Bigelow, 1891, S. hancocki Schmitt, 1940, 
S. panamensis Bigelow, 1891, and Hemisquilla californiensis Stephenson, 1967 
(Table 24.1).

The mantis shrimp S. biformis was found to be very abundant in the bycatch of 
the deep-sea shrimp fishery in the Pacific of Costa Rica (Wehrtmann and Echeverría- 
Sáenz 2007; Wehrtmann and Nielsen-Muñoz 2009), attracting attention as a poten-
tial fishing resource considering the alarming decrease of deep-sea shrimp landings, 
but the project was not attractive to the fishing sector. Nonetheless, this species has 
been studied to provide information on population demography, spatial distribution, 
and behavior in order to facilitate implementation of an adequate management pol-
icy (Hernáez et al. 2011). Stock of S. biformis was composed of two size groups, 
with large specimens occurring in deeper waters (Hernáez et  al. 2011). Large 
amounts of mantis shrimps were found in the historical fishing grounds where 
shrimps were trawled in high abundances, suggesting an ecological shift related to 
the intense fishing pressure (Hernáez et al. 2011).

24.3.3.3  Decapoda

Decapods are probably the most frequently studied crustaceans in the deep-sea hab-
itats of Costa Rica, in part due to their larger sizes compared to other crustaceans 
and their commercial importance as fishery resources (e.g., shrimps, prawns, king 
crabs, lobsters) (Wehrtmann and Nielsen-Muñoz 2009; Vargas and Wehrtmann 
2009). In addition to the taxonomy and diversity (e.g., Wehrtmann and Echeverría- 
Sáenz 2007; Vargas and Wehrtmann 2009; Macpherson and Wehrtmann 2010; 
Thurber et al. 2011; Martin et al. 2018; Azofeifa-Solano and Vargas-Castillo 2020), 
some research has also focussed on ecology (Wehrtmann et al. 2010; Hernáez et al. 
2011; Durkin 2018), reproductive biology (Echeverría-Sáenz and Wehrtmann 2011; 
Hernáez and Wehrtmann 2011a, b; Villalobos-Rojas and Wehrtmann 2011; 
Villalobos-Rojas and Wehrtmann 2014), fisheries (Wehrtmann and Nielsen-Muñoz 
2009), and microbiome symbiosis (Goffredi et al. 2014).
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Many ecological and reproductive biology studies on deep-sea large crustaceans 
in Costa Rica have resulted from close collaboration between scientists and the 
deep-sea shrimp fishery, thus offering opportunities to obtain valuable samples 
taken in deep waters (Wehrtmann and Nielsen-Muñoz 2009). The “camarón fidel,” 
Solenocera agassizii Faxon, 1893, and the “camarón camello,” Heterocarpus vicar-
ius Faxon, 1893, were the two main commercial deepwater shrimps exploited in the 
Costa Rican Pacific (Wehrtmann and Nielsen-Muñoz 2009). The urgent necessity to 
develop management plans for these fisheries compelled researchers to study their 
reproductive biology (Echeverría-Sáenz and Wehrtmann 2011; Villalobos-Rojas 
and Wehrtmann 2011; Villalobos-Rojas and Wehrtmann 2014).

Anomuran crustaceans are commonly found as bycatch of the deep-sea shrimp 
fishery, especially squat lobsters and king crabs, also studied (Macpherson and 
Wehrtmann 2010; Wehrtmann et  al. 2010). The red squat lobster, Pleuroncodes 
monodon (H. Milne Edwards, 1837), was very abundant, allowing for the study of 
their breeding cycle, sexual maturity, and fecundity (Hernáez and Wehrtmann 
2011a, b).

The yeti crab (family Kiwaidae) is one of the most emblematic and appealing 
crustaceans inhabiting the deep-sea vents, not only because of its flamboyant name 
but also for its no less fantastic biological features (Thurber et al. 2011; Thatje et al. 
2015). Such is the case of the endemic yeti crab, Kiwa puravida, occurring in the 
vent seeps in the Costa Rican Pacific (Thurber et al. 2011). These crabs wave their 
chelipeds close to fluids escaping from methane seeps to promote the chemosyn-
thetic activity of epibiotic bacteria growing in their chelipeds, to be harvested, and 
to obtain energy in these food-limited environments (Thurber et al. 2011). These 
bacterial communities are different throughout the yeti crab’s body, and ontogenetic 
changes have been found between different stages of development (Goffredi et al. 
2014). However, other vent seeps inhabitants such as shrimps of the genus 
Alvinocaris Williams and Chace, 1982, remain unstudied in Costa Rica.

24.3.3.4  Euphausiacea

There are very few studies regarding this group (commonly known as “krill”) in 
Costa Rican waters (Castellanos et al. 2009; Azofeifa-Solano et al. 2016). A thor-
ough review of the group suggested the presence of 29 species in the area, partly 
based on offshore studies performed outside the Costa Rican EEZ (Castellanos 
et al. 2009). During the 2011 and 2012 expeditions to Isla del Coco, seven species 
were collected from vertical zooplankton samples taken from the surface to 200 m 
(Azofeifa-Solano et al. 2016). Krill specimens were also collected during the Allan 
Hancock Foundation and the Los Angeles County Museum expedition in 1973, 
aboard the MY “VeleroIV” cruises (1244–1247), and seven species were identified 
from vertical tows between the surface and 500 m (Azofeifa-Solano and Vargas- 
Castillo 2020). However, known distributions for these species far exceed the 200 m 
isobath, suggesting that these species also occur in Costa Rican deep sea, but further 
studies including stratified samples should confirm this assumption.
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24.3.3.5  Peracarida

Although peracarids are highly abundant and play a relevant ecological role, they 
have been poorly studied in Costa Rican waters, and even less information is cur-
rently available for deep-sea species (Brusca and Wehrtmann 2009; Heard et  al. 
2009; Petrescu et al. 2009). A total of three species of deep-sea comma shrimps 
(Cumacea) of the family Diastylidae were collected between 3400 m and 3718 m in 
the Pacific: Vemakylindrus costaricanus Băcescu, 1961, Makrokylindrus (Adiastylis) 
menziesi Băcescu, 1962, and Diastylis tenebricosa Jones, 1969 (Băcescu 1961, 
1962; Jones 1969; Petrescu et al. 2009). In the deep sea, 11 isopods and 5 amphi-
pods have been reported for Costa Rica (Table 24.1). Deep-sea peracarids have not 
been thoroughly studied, suggesting that their diversity could be far larger than that 
currently reported in the literature (Brusca and Wehrtmann 2009; Heard et al. 2009; 
Petrescu et al. 2009).

24.3.3.6  Copepoda

As mentioned earlier, copepods account for 23 deep-sea species recorded for Costa 
Rica (Morales-Ramírez and Suárez-Morales 2009, Table 24.1). Some studies have 
focussed on vertical migration and other ecological aspects of deep-sea copepods, 
such as the contributions by Sameoto (1986), Suárez-Morales and Gasca (1989), 
and Décima et al. (2016) in the Costa Rican Dome area and by Owre and Foyo 
(1964a, b) who sampled off the Caribbean coast to 1300 m depth.

24.3.4  Deepwater Fisheries in Costa Rica

Wehrtmann and Nielsen-Muñoz (2009) did an extensive review of the background, 
current status, and state of knowledge of the fishery and the fishing resources in 
deep-sea off Costa Rica. Here, we summarize their main results and add research 
published during the 2010s decade. There are several fisheries and fishing gear 
types used in Costa Rica fishing fleet, but the semi-industrial shrimp trawling was 
the only fishery reported to actively target fishing resources deeper than 200 m. The 
bottom trawl nets were first introduced in Costa Rica in the mid-twentieth century 
(Wehrtmann and Nielsen-Muñoz 2009) and with them the beginning of a new era of 
bountiful catches and promising profits for the fishing industry. During the first 
years of this new fishery, large coastal shrimps were the main targets, but due to 
stock exploitation, soon enough smaller species, previously discarded, started to be 
commercially exploited. Fleets started to move deeper as coastal and shallow water 
resources were depleted and deep-sea shrimps were exploited by the semi-industrial 
shrimp trawling fishery, e.g., the “camarón fidel” Solenocera agassizii, the “camarón 
camello” H. vicarius, and the “camarón real” or “camarón camellón” Heterocarpus 
affinis Faxon, 1893 (Wehrtmann and Nielsen-Muñoz 2009). According to the 
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official landings provided by the Costa Rican Institute of Fishing and Aquaculture 
(INCOPESCA, by its Spanish acronym), during 1995–2005 the deep-sea shrimps 
catch accounted for more than half of the total shrimp landings. Deep-sea shrimps 
accounted for 54.5% of the total catch, divided in S. agassizii (27.7%), H. vicarius 
(16.9%), and H. affinis (9.9%) (see Wehrtmann and Nielsen-Muñoz 2009). The 
main lines of shrimp trawlers in Costa Rica have an average length of 823 m, allow-
ing for fishing in both coastal and deep water (Bolaños 2005).

In the 2010s, data showed that shrimp landings were decreasing, while bycatch 
of noncommercial species was increasing simultaneously, along with increasing 
costs for the shrimp fleet, driving some companies to anchor their trawling vessels 
(Wehrtmann and Nielsen-Muñoz 2009; Wehrtmann et  al. 2012). A total of ten 
licenses for deep-sea shrimp fishing were still active in 2014, but during 2017–2018, 
trawling activities in deep waters were few and sporadic, mainly around 200–400 m, 
with the deepest trawl recorded at about 874  m depth (Lorna Marchena, pers. 
comm.). In 2013, the Chamber IV (Sala IV), one of the four chambers of the 
Supreme Court (Costa Rica’s Judicial Branch of the National Government), declared 
the bottom trawling fishing for shrimp as an “unconstitutional action,” and, as a 
consequence, the INCOPESCA does not grant new fishing permits, authorizations, 
or licenses, nor does it renew the expired licenses or reactivate the inactive licenses 
for shrimp fishing with bottom trawling nets, including both semi-industrial and 
small-scale fishing (sometimes also referred as “artisanal trawling”) (Sala IV 
Sentencia No 2013–10540 2013).

24.3.5  Threats

During the last decades, new technologies have allowed mapping and sampling the 
deep sea, revealing a great variety of habitats with conservation and economic value. 
We also have evidence that human activities can easily reach and negatively impact 
this once unfathomable wilderness (Roberts et al. 2000; Koslow et al. 2001; Baum 
et al. 2003; Davies et al. 2007; Schlacher et al. 2010). Currently, the main anthropo-
genic threats to the deep sea are mining (e.g., extraction of oil, gas, and minerals 
such as rare metals), overfishing (such as trawling and net fishing), pollution and 
disposal of wastes (structures, radioactive waste, munitions, plastic), and climate 
change (Roberts 2002; Glover and Smith 2003; Morato et al. 2006; Taylor et al. 
2016; Sweetman et al. 2017; Chiba et al. 2018; Heffernan 2019). The deep sea is, 
indeed, highly vulnerable to human activities, even more in comparison to coastal 
and shallow waters. Deep-sea species have life-history traits that make them highly 
vulnerable to extraction. This includes slow growth, delayed maturity, extremely 
extended longevities, and slow colonization rates (thousands of years in some cor-
als) (Roberts 2002; Clark et al. 2006; Cheung et al. 2007; Heffernan 2019). Deep-
sea ecosystems are inherently vulnerable due to the particularities of the species that 
build these ecosystems. For deep-sea soft bottom habitats, special challenges to 
conservation include low productivity, low physical energy, low biological rates, 
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and immensity scale; for other habitats having higher productivity, environmental 
conditions, and diversity (e.g., submarine canyons, seamounts, and vents), chal-
lenges include wide spacing and isolation of the deep-sea soft bottoms (Glover and 
Smith 2003). One of the main concerns is the slow recovery of deep-sea habitats. 
For example, extraction scars made by the DISCOL experiment on the seafloor are 
still visible after 26  years (1989–2015), and characteristic organisms such as 
sponges, soft corals, and sea anemones, once present, have not returned 
(Heffernan 2019).

24.3.6  Management and Conservation

The deep sea provides vital ecological processes and features such as habitat provi-
sion, nutrient cycling, production, trophic support, and carbon sequestration, sup-
porting the health of the ocean and the planet while providing important ecosystem 
services to humanity (Thurber et al. 2014). Processes occurring at the massive scale 
of the deep sea, such as organic matter degradation and remineralization, largely 
contribute to the biogeochemical cycle of carbon, acting as a buffer for ocean acidi-
fication (Wenzhöfer et al. 2001). It is clear that the deep-sea environments play a 
very important role in sustaining the health and functioning of planet Earth 
(Sweetman et al. 2017). Exploration of pristine deep seas has allowed science to 
learn more about Earth’s interior, ocean’s chemistry, and the extreme environments 
in which life can exist (Van Dover 2011). Deep-sea exploitation, however, should 
not be pursued before proposing a coherent conservation, management, and mitiga-
tion framework (Van Dover 2011).

Despite the fascination that the deep sea inspires and its ecological and economic 
importance, it is hard for many people to infer connections between the deep-sea 
processes and their daily life. With this issue in mind, it is not surprising why it has 
been difficult to obtain politicians’ and lawmakers’ support. Considering how little 
we still know about the deep sea, the scarcity of data, and the high costs of explora-
tion this issue will probably not be solved in the near future (Harris et al. 2007; 
Howell 2010), and scientists likely will keep collaborating with companies pursuing 
exploitation of the deep-sea resources in order to study these habitats (Brewin et al. 
2007; Wehrtmann and Nielsen-Muñoz 2009). The rising concerns about human 
impacts in the deep sea, however, urge all stakeholders, scientists, conservationists, 
sectors with interests in exploitation, and the general public to move toward active 
action and advocate for adequate and science-based management, following a pre-
cautionary principle due to the lack of data, because impacts on the deep sea could 
be irreversible at temporal human scales (Roberts 2002; Waller et al. 2007; Heffernan 
2019). Costa Rica should also embrace a precautionary principle and science-based 
management of its deep-sea resources including of course crustaceans.
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24.4  Summary

• Exploration of the deep sea in Costa Rica began with foreign expeditions, and 
most of the research has been done by foreign scientists, due to the high cost, 
unbearable for Costa Rican scientists. In recent years (2000 and onward), how-
ever, national and foreign resident scientists have aimed for collaborations with 
international expeditions and deepwater fisheries in order to obtain data and 
samples from the deep-sea habitats.

• There are several fascinating deep-sea environments known in Costa Rica, 
including mud volcanoes, cold methane seeps, seamounts, and bathyal soft 
bottoms.

• There is a total of 147 crustacean species reported inhabiting deep-sea environ-
ments in Costa Rica; 8  in the Caribbean Sea, 138 in the Pacific Ocean, and 1 
reported in both basins. The most speciose groups are Decapoda (87 spp.), fol-
lowed by Copepoda (23 spp.), and Peracarida (19 spp.).

• Most studies have focused on reproductive biology of decapods associated with 
deepwater fisheries, such as shrimps and squat lobsters. In addition, studies on 
the feeding and microbiome of the endemic yeti crab, Kiwa puravida, have 
been done.

• The deep-water shrimp fisheries started after depletion of stocks of shallow-
water species. The absence of adequate management resulted in overexploita-
tion, with decreasing shrimp landings, increasing noncommercial bycatch, and 
higher costs. Due to public concerns, the Judicial Branch declared the bottom 
trawling for shrimp as an unconstitutional action, and currently there is no deep-
water shrimp trawling fishery in Costa Rica.

• Despite the current absence of commercial activities exploiting deep-sea fishing 
and mineral resources, the depletion of land and coastal resources is putting pres-
sure on the Costa Rican deep-sea environments. In addition, global threats such 
as pollution and climate change have also impacted Costa Rica.

• The national and regional agencies do not provide enough funding support to 
scientists to explore the deep sea. Countries, however, should invest more in 
research and protection of these habitats. Scientists in Costa Rica will continue 
to look for collaborations in order to shed light on the nature of the deep sea, the 
last wilderness.
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Chapter 25
New Records of Crustaceans Collected 
Between 670 and 3400 m in the Colombian 
Caribbean
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Abstract As a result of curatorial activites realized in the Museum of Marine 
Natural History of Colombia, Makuriwa-Invemar, on the material deposited by con-
sulting companies hired by oil and gas operators, 13 new records of deep-water 
species were recognized within the families Nematocarcinidae, Acanthephyridae, 
Aristeidae, Oplophoridae, Glyphocrangonidae, and Alvinocarididae (Caridea) and 
four within amphipods families Eurytheneidae, Scopelocheiridae, and Uristidae. 
These represent new records for the country, and some are also new records for the 
Caribbean Sea and the Western Atlantic.
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25.1  Introduction

Due to a sharp increase in underwater exploration by the hydrocarbon industry in 
the Colombian Caribbean Sea, covering 658,000 km2 and bordered by Honduras, 
Jamaica, Haiti, the Dominican Republic, Nicaragua, Costa Rica, Panama, and 
Venezuela, a large collection of samples of crustaceans occurring between 670 and 
3400 m depth has been obtained. As a result, the holdings of the Makuriwa-Invemar 
Marine Natural History Museum contain 345 cataloged batches of decapod crusta-
ceans, collected between 2008 and 2018, as well as some amphipods of the deep- 
water megafaunal component. The amount of material present in the museum’s 
collection contrasts with the few published works dealing with deep-sea megafaunal 
crustaceans. These include contributions by Zubiría et al. (2016), Ortega-Echavarría 
et al. (2014), Lemaitre and Tavares (2015), and Martínez-Campos et al. (2017), but 
there are still many unpublished records and possibly new species.

During the periods of 2016–2018, private consultancy companies and the 
Scientific Services Coordination (CSC) of Invemar deposited the samples collected 
during nine exploratory campaigns in this museum. A total of 13 species of shrimp 
and four species of amphipods were identified and represent new records for 
Colombia. The specimens were collected in the framework of hydrocarbon explor-
atory campaigns and monitoring activities of three oil and gas operator companies. 
Subsequently, some of these specimens were also captured by ROV video on soft 
sediments.

The Colombian Caribbean is a region with a large number of endemic species. 
The crustacean megafauna of the deep-sea Colombian Caribbean holds the third 
place in species diversity, after mollusks and fish. It is also second in terms of abun-
dance, surpassed only by mollusks (Invemar 2010). However, the study of deep-sea 
crustaceans in Colombia has been focused in the fringe of 200–500 m (Cruz and 
Fransen 2004; Campos et  al. 2005), and families such as Alvinocaridae, 
Nematocarcinidae, Oplophoridae, Eurytheneidae, Scopelocheiridae, and Uristidae 
are underrepresented since their lower distribution limit is deeper than 500  m 
(Pérez-Farfante and Kensley 1997; Komai and Segonzac 2005).

The disitribution patterns and the ecology of the deep-sea crustaceans depend on 
factors such as the type of sediments, current dynamics, oxygen availability, and 
temperature. Because crustaceans are mostly secondary consumers, their presence 
depends largely on the primary production sources and the underlying communities 
in the substrate (Martin and Haney 2005; Desbruyères et al. 2006; Ramírez-Llorda 
and Billett 2006; Zamorano et al. 2014).

In deep-sea ecosystems, primary productivity comes from both heterotrophic 
and chemosynthetic sources. The first corresponds to organic matter falling in the 
form of microaggregates and marine snow, allowing suspensivore species, such as 
shrimp, to thrive (Ramírez-Llorda and Billett 2006). Thus, food sources can become 
ephemeral which drives wandering habits in some species with opportunistic scav-
enger behavior and a highly sensitive sense of chemoreception, such as the giant 
amphipods of the genus Eurythenes (Koehl 2011).
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The second corresponds to chemosynthetic productivity sources, either in hydro-
thermal vents or cold seep habitats. These have been identified recently in two areas 
of the Colombian Caribbean Sea: the Sinú-San Jacinto Basin and La Guajira Basin. 
These habitats show affinities with the communities found off Trinidad and Tobago 
and the Gulf of Mexico (Digby et al. 2016; Dueñas et al. in review). These ecosys-
tems harbor crustaceans whose presence can be explained by endemism, like the 
species of the genus Alvinocaris that inhabit exclusively these environments, or by 
species that are opportunistic inhabitants, like the genus Nematocarcinus, whose 
presence is occasional in such ecosystems (Segonzac et  al. 1993; Komai and 
Segonzac 2005; Komai et  al. 2005; Martin and Haney 2005; Desbruyères et  al. 
2006). To date, species of Nematocarcinus have been found on muddy plains of the 
deep sea, and only alvinocarid shrimps have been registered as part of the chemo-
synthetic communities of Colombia, interacting with mussels of genus 
Bathymodiolus (Dueñas et al. in review).

25.2  Methods

The specimens of this study were collected throughout the course of nine explor-
atory surveys (Table 25.1). In the case of exploratory wells, several sampling sta-
tions (at least nine) were selected in wells vicinity, and nekton or piston core 
sampling stations were determined based on previous results obtained during other 
surveys. Specimens were deposited in the museum between 2016 and 2018 and 
preserved in 70% alcohol. On arrival, the specimens were examined to confirm their 
identification to the lowest taxonomic level and labeled, and a database recording 
process was performed.

The material was identified following the contributions and identification keys 
by Kemp (1939), Holthuis (1955, 1971, 1993), Barnard (1961), Pequegnat (1970), 
Crosnier and Forest (1973), Crosnier (1978), Williams (1984), Barnard and Karaman 
(1991), Pérez-Farfante and Kensley (1997), Komai (2004), Stoddart and Lowry 
(2004), Cardoso and Young (2005), Komai and Segonzac (2005), Cardoso and 
Serejo (2007), Tavares and Serejo (2007), Zelnio and Hourdez (2009), Vázquez- 
Bader and Gracia (2013), Cardoso and Burukovsky (2014), D’Udekem D’Acoz and 
Havermans (2015), Horton and Thurston (2015), Kilgallen and Lowry (2015), and 
Alves-Júnior et al. (2019). Biological samples were photographed frame by frame 
in different focal fields, with a Leica Z16 APO-A micro-stereoscope, to generate a 
high-resolution digital composition using Adobe Photoshop CS6 software. When 
comparisons between two species were needed, digital illustrations were made 
using Adobe Illustrator CS6 software.

The following information was provided for each sample: locality, depth, num-
ber of individuals, project reference, and catalog number. Recognition characters, 
general distribution and bathymetry, and some remarks were also provided for each 
species.
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25.3  Results

The family Aristeidae is one of the five families of the superfamily Penaeoidea (rec-
ognized by Martin and Davis 2001) recorded in this paper. This family was only 
previously represented in the area by one species, Aristaeomorpha foliacea (Campos 
et al. 2005); therefore the identification of Hemipenaeus carpenteri and Cerataspis 
monstrosus increases the records of the Aristeidae family for the Colombian 
Caribbean.

Four out of 11 superfamilies recognized in the Caridean infraorder (De Grave 
and Fransen 2011) were recorded: Bresilioidea, Crangonoidea, Nematocarcinoidea, 
and Oplophoroidea. This is the first time that the genus Alvinocaris is reported in 
Colombia with the presence of two species: Alvinocaris muricola and A. markensis. 
These new reports increase to three the number of records of the Bresilioidea super-
family in the country (Campos et  al. 2010). With the reports of Glyphocrangon 
aurantiaca and G. longirostris, the number of species of the superfamily 
Crangonoidea in the Colombian Caribbean increases to 12 (Bermúdez et al. 2002; 
Campos et al. 2010). Finally, in this study we report for the first time a species of the 
superfamily Nematocarcinoidea, with the presence of Nematocarcinus ensifer and 
N. rotundus.

Only one species of the superfamily Oplophoroidea had been previously recorded 
in the country; however, in the frame of this review, two families and five species are 

Table 25.1 Collection data of exploration surveys made during this study

Code Year Lat N Long W
Depth 
(m)

Sampling 
gear

CA 2014/S/
MBO

10°25′33.8″ to 
10°28′49.8″

76°14′35.5″ to 
76°16′15.5″

2000–
2400

Fish trap

PA 2014/S/
OWC

8°52′58.05″ to 
9°54′32.6″

76°52′38.1″ to 
76°52′40.09″

200–
3000

Fish trap

C5 2015/S/
OWC

9°06′5.8″ to 
10°20′37.5″

77°08′41.5″ to 
76°30′54.6″

1389–
3097

Fish trap

KI 2015/S/
MBO

9°09′53.06″ to 
9°10′41.3″

76°49′55.9″ to 
76°50′45.8″

1600–
1800

Fish trap

C3 2015/S/
OWC

11°18′15.6″ to 
11°57′32.2″

74°09′20.0″ to 
77°31′12.7″

1200–
3400

Fish trap

OR 2015/S/
MBO

12°45′19.4″ to 
12°48′34.4″

71°34′59.5″ to 
71°35′41.07″

700–840 Fish trap

BR 2016/N/
MBO

12°47′2.5″ to 
12°50′18.4″

71°40′19.5″ to 
71°42′0.7″

763–854 Fish trap

CAD 2016/
SMBO

10°25′33.8″ to 
10°28′49.7″

76°14′35.5″ to 
76°16′15.471

2000–
2400

Fish trap

C7 2017/N/
CMM

13°01′38.9″ to 
13°01′31.7″

73°03′08.8″ to 
73°03′16.6″

2812–
3229

Piston Core

S, N southern and northern Colombian Caribbean, MBO monitoring of biological communities, 
OWC oil well characterization, CMM characterization of macro and meiofauna communities

B. Martínez-Campos et al.



663

presented herein as new reports. The new records include Systellaspis debilis 
belonging to the Oplophoridae family, and four species of the Acanthephyridae 
family: Acanthephyra acutifrons, A. quadrispinosa, A. curtirostris, and A. 
stylorostratis.

The deep-sea amphipods here recorded belong to the superfamily Lysianassoidea, 
a group that has been poorly studied in the Colombian Caribbean Sea. The amphi-
pods registered here are scavengers, larger than 500 μm, with great capacity for 
active swimming. They are opportunistic consumers of decaying corpses, and they 
are commonly captured in fish traps (Stoddart and Lowry 2004; Horton and Thurston 
2015). These are the first records of amphipods for the deep-sea Colombian 
Caribbean.

Eurythenes gryllus and E. thurstoni are the first records of the Eurytheneidae 
family, Paracallisoma alberti Chevreux, 1903 is the first record of the family 
Scopelocheiridae, and Stephonyx biscayensis is the first record of the family 
Uristidae.

25.3.1  Systematic Section

Order Decapoda Latreille, 1802.
Suborder Dendrobranchiata Bate, 1888.
Infraorder Caridea Dana, 1852.
Superfamily Penaeoidea Rafinesque, 1815.
Family Aristeidae Wood-Mason in Wood-Mason & Alcock, 1891.

 1. Hemipenaeus carpenteri Wood-Mason in Wood-Mason & Alcock, 1891 
(Fig. 25.1a).

Hemipenaeus carpenteri Wood-Mason, 1891 (in Wood-Mason & Alcock):189.
Aristaeus (Hemipenaeus) carpenteri.— Alcock, 1901: 32–33.
Hemipenaeus carpenteri.— Crosnier 1978:76–80, Figs.  27c–d, 28a–b, 29a; 

Gore 1985:122–124; Crosnier 1994:369, Fig. 5; Pérez-Farfante and Kensley 
1997: 46; Dall 2001:418, Fig. 6; Tavares and Serejo 2007:23–27, Figs. 14–16; 
Felder et al. 2009:1049.

Material Examined. Off Moñitos, Córdoba, 9°16′5.5092″-76°46′56.657″, 1800 m, 
1 org, PA-E03. INV CRU8459 Recognition characters. Rostrum short, with three 
dorsal spines. Gastrorbital carina present. Cervical carina reaching the dorsum of 
carapace. Abdominal somites 4–6 with a dorsal carina, third with a large dorsal 
spine curved downward, sixth with a small terminal spine (Tavares and Serejo 
2007). Distribution. Northwestern Atlantic Ocean: off Bahamas. Gulf of Mexico. 
Caribbean Sea: Colombia (Southwestern Colombian Caribbean: off Moñitos, 
Córdoba). Southwestern Atlantic: Brazil. Indian Ocean: Madagascar; Arabian Sea; 
Bay of Bengal. West Pacific Ocean: Japan; Wallis and Futuna Islands; Western and 
Northeastern Australia. East Pacific Ocean: off Gulf of Panama, Galapagos Islands 
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(Tavares and Serejo 2007; this paper). Bathymetric distribution. 900–3900  m 
(Tavares and Serejo 2007). Remarks. This is the first record of this species for the 
Colombian Caribbean and for the Caribbean Sea. No differences from the descrip-
tion of Tavares and Serejo (2007).

 2. Cerataspis monstrosus Gray, 1828 (Fig. 25.1b).

Aristaeus armatus Bate, 1881:188; 1888:312–317, pls. 45–46, Figs. 1–2.
Aristaeus (Aristaeopsis) armatus.— Alcock 1901: 41.
Plesiopenaeus armatus.— Crosnier and Forest 1973:294–296, Fig.  99c–d; 

Crosnier 1978:92–94, Figs. 31d–e, 32d–f, 33b; Pérez-Farfante and Kensley 
1997:50–52, Figs.  19–20; Dall 2001:421–422, Fig.  9; Tavares and Serejo 
2007:33–37, Figs. 20–22; Felder et al. 2009:1049.

Material Examined. Off Cartagena, 10°27′19.64″-76°30′54.68″, 2873 m, 1 org, 
C5-E13 INV CRU8485. Recognition characters. Rostrum slightly curved upward, 
with three dorsal spines. Cervical carina reaches the middle of carapace. Abdominal 
pleurae with small terminal spines. Abdominal somites 3–6 with a median dorsal 
carina, and with dorsal spines (Tavares and Serejo 2007). Distribution. Eastern 
Atlantic Ocean: off Azores; Madeira; Canary Islands; Cape Verde. Gulf of Mexico. 
Caribbean Sea: Colombia (off Cartagena). Indian Ocean: Zanzibar; Madagascar; 
Maldives Islands; Bay of Bengal. West Pacific Ocean: the Philippines; Japan; 
Tuamotu Islands; Wallis and Futuna Islands; northeast of Australia; Hawaii (Tavares 
and Serejo 2007; present sudy). Bathymetric distribution. 752–5413 m (Tavares 

Fig. 25.1 (a) 
Hemipenaeus carpenteri 
PA-E03. (b) Cerataspis 
monstrosus C5-E13
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and Serejo 2007). Remarks. First record for the Colombian Caribbean and for the 
Caribbean Sea. No differences from the description of Tavares and Serejo (2007).

Infraorder Caridea Dana, 1852.
Superfamily Bresilioidea Calman, 1896.
Family Alvinocarididae Christoffersen, 1986.

 3. Alvinocaris markensis Williams, 1988 (Figs. 25.2b, 25.3a, c and 25.4c, d).

Alvinocaris markensis Williams, 1988:264, Figs. 1, 2, 7.
Alvinocaris muricola.— Shank et  al. 1999:246 (not Alvinocaris muricola 

Williams, 1988).
Alvinocaris aff. markensis.— Desbruyères et al. 2001:1335.
Alvinocaris markensis.— Dixon and Dixon 1996:9, Figs.  1–3; Vereshchaka 

1996:577; Shank 1997:192; Shank et al. 1998:89; Shank et al. 1999:246, 247, 
Fig. 2; Kikuchi and Hashimoto 2000:146–148 (key); Desbruyères et al. 2000: 
209; Komai and Segonzac 2005:1123, 1124, 1128–1132, Figs. 6, 7, 14a, 29; 
Martin and Haney 2005:448; Zelnio and Hourdez 2009:67, 68 (key).

Material Examined. Off La Guajira, 13°15′55.9″-73°03′43.2″, 2980 m, 1 org, INV 
CRU8988. Recognition characters. Rostrum directed forward or slightly descend-
ing, usually reaching to second segment of antennular peduncle and armed with 

Fig. 25.2 (a) Alvinocaris 
muricola INV CRU_8989. 
(b) Alvinocaris markensis 
INV CRU_8988. (c) 
Nematocarcinus ensifer 
CD-NA3. (d) 
Nematocarcinus 
rotundus C3-E03
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14–19 teeth (5–7 on posterior carapace). Posterior most tooth arising from 0.24 to 
0.31 of carapace length. Ventral margin with six to nine small teeth. Carapace 
0.52–0.65 times as wide as long. Pterygostomian tooth distinctly exceeding anten-
nal tooth; post-antennal groove shallow. Branchial region not particularly inflated. 
Telson not reaching or reaching posterior margin of uropodal endopod, length less 
than 2.90 times anterior width armed with six to eight dorsolateral spines. Posterior 
margin convex, armed with two pairs of lateral spines and 12–14 plumose setae 
(Komai and Segonzac 2005). Distribution. Caribbean Sea: Colombia (La Guajira). 
Mid-Atlantic Ridge: Snake Pit, Lucky Strike, and Rainbow. Hydrothermal vents of 
Broken Spur, TAG, and Logatchev (Komai and Segonzac 2005; present study). 
Bathymetric distribution. 2292–3650 m (Komai and Segonzac 2005). Remarks. 
First record for the Colombian Caribbean and for the Caribbean Sea. The overlap-
ping of key characters between A. markensis and A. muricola, widely discussed by 
Komai and Segonzac (2005), makes difficult the determination in immature speci-
mens. In this case, of the 13 specimens of the Alvinocaris genus reviewed, 4 speci-
mens were found in adult stage, and only 1 of them corresponds with A. markensis 
(Fig. 25.4). However, this specimen was collected with seven immature specimens 
with overlapping characters between A. markensis and A. muricola. Consequently, 

Fig. 25.3 (a, c) Cold seeps 
in which Alvinocaris sp. 
specimens were collected 
in association with mussels 
of the genus 
Bathymodiolus (Photo: 
CSA Ocean Science 
Inc. – Anadarko Colombia 
Company©). (b) 
Nematocarcinus ensifer 
captured by trawl camera 
on deep soft bottoms. 
(Photo: CSA Ocean 
Science Inc. – Anadarko 
Colombia Company©)
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we report only the adult specimen, because there is no certainty on the identity of 
the immature specimens.

 4. Alvinocaris muricola Williams, 1988 (Figs. 25.2a, 25.3a, c and 25.4a, b).

Alvinocaris muricola Williams, 1988:268, Figs. 3, 4, 7; Shank et al. 1999:246, 
Fig. 2; Kikuchi and Hashimoto 2000:146, 148 (key); Komai and Segonzac 
2005:1123–1124, 1132–1143, Figs.  2, 3, 8–14, 29; Martin and Haney 
2005:448; Felder et al. 2009:1053.

Fig. 25.4 Differences in the carapace and telson in the specimens collected of Alvinocaris genus. 
(a) Carapace. (b) Telson of Alvinocaris muricola. (c) Telson. (d) Carapace of Alvinocaris marken-
sis. (e) Abdominal segments of Nematocarcinus ensifer. (f) Abdominal segments of Nematocarcinus 
rotundus (note the dorsal projection on third and fourth dorsal segments in N. ensifer differentiat-
ing this species from N. cursor and N. exilis. (g), (h) Length and tip of rostrum of Nematocarcinus 
ensifer. (i) Length and tip of rostrum of Nematocarcinus rotundus
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Material Examined. Off La Guajira, 13°15′55.9″-73°03′43.2″, 2980 m, 4 org, INV 
CRU8986; off La Guajira, 13°05′03.4″-73°00′48.5″, 2154 m, 1 org, INV CRU8989; 
off La Guajira, 13°15′55.9″-73°03′43.2″, 1 org, 2980 m, INV CRU8990. Recognition 
characters. Rostrum directed forward, weakly curved dorsally or straight, usually 
reaching to the second segment of antennular peduncle in females, occasionally 
overreaching in males. Dorsal margin with 10–17 teeth (4–6 on carapace) posterior 
most tooth arising from 0.34 to 0.40 of carapace length; ventral margin with 3–13 
small teeth. Second segment of antennular peduncle 1.9–2.1 times longer than wide; 
antennal scale 1.9–2.1 times longer than wide. Carapace 0.69–0.83 times as wide as 
long. Pterygostomian tooth strongly produced anteriorly far beyond tip of antennal 
tooth. Post-antennal groove deep, almost parallel to horizontal plane of carapace. 
Branchial region notably convex. Telson nearly reaching to slightly overreaching 
posterior margin of uropodal endopod; length more than 2.90 times anterior width, 
armed with 6–8 dorsolateral spines; posterior margin moderately convex, with two 
pairs of spines at lateral angles and 12–14 plumose setae (Komai and Segonzac 
2005; Zelnio and Hourdez 2009). Distribution. Gulf of Mexico: West Florida 
Escarpment. Caribbean Sea: Barbados, Colombia (off La Guajira). Eastern Atlantic: 
West Equatorial Africa (Komai and Segonzac 2005; present study). Bathymetric 
distribution. 1697–3277 m (Komai and Segonzac 2005). Remarks. First record for 
the Colombian Caribbean Sea, based on three adult and three immature specimens. 
All of them presented the diagnostic characteristics of the species, including the 
juveniles.

Superfamily Crangonoidea Haworth, 1825.
Family Glyphocrangonidae Smith, 1884.

 5. Glyphocrangon aurantiaca Holthuis, 1971 (Fig. 25.5a, b).

Glyphocrangon aurantiaca Holthuis, 1971:303, Fig.  8; Takeda and Okutani 
1983:68, textfig; Komai 2004:35, Fig.  2a, b; Vázquez-Bader and Gracia 
2013:381 (key).

Material Examined. Off La Guajira, 12° 45′ 20.33″-71° 36′ 39.83″, 700–800 m, 1 
org OR-E02 INV CRU8881; off La Guajira, 12° 45′ 19.40″-71° 35′ 00.47″, 700 m, 
3 org, OR-E11 INV CRU8891; off La Guajira, 12° 47′ 2.504″-71° 40′ 21.402″, 
763 m, 1 org, BR- E06 INV CRU8429. Recognition characters. Rostrum shorter 
than carapace with two pairs of lateral spines; dorsal surface lacking corrugations. 
Carapace with the submedian carina composed of low, blunt tubercles; anterior- 
most tubercle of anterior intermediate carina obsolete; antennal carina not extend-
ing to hepatic region; posterior third carina ending in a blunt tubercle; anterior 
lateral carina not forming acute lamina, armed with two spines. Antennal spine 
strong, far more strongly divergent than branchiostegal spine. Abdomen with low, 
broad median carinae; and low dorsolateral carinae (Komai 2004). Distribution. 
Caribbean Sea: Colombia (La Guajira), Tobago. Southwestern Atlantic: French 
Guiana, Suriname, and Brazil (Holthuis 1971; Komai 2004; present study). 
Bathymetric distribution. 394–761 m (Holthuis; 1971, Komai 2004). Remarks. 
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First record of G. aurantiaca for the Colombian Caribbean. Previous records indi-
cate the presence of G. longleyi in Colombia. This species shows affinity with 
G. aurantiaca, but it can be differentiated by the presence of a long, strongly pro-
jecting antennal spine and a posterior antennal carina devoid of spine. In turn, 
G. longleyi features a straight posterior lateral carina and lacks medium carina in the 
second and third abdominal somite (Holthuis 1971).

 6. Glyphocrangon longirostris (Smith, 1882) (Fig. 25.5c, d).

Rhachocaris longirostris Smith, 1882:51, pl. 5, Fig. 1, pl. 6, Fig. 1.
Glyphocrangon longirostris.— Pequegnat 1970:106.— Holthuis 1971: 330, 

Figs. 11–13.— Crosnier and Forest 1973:230, Fig. 73a, b.— Chace 1984:8 (in 
key).— D’Udekem D’Acoz 1999:138.— Komai 2004:35, Fig.  2c, d.— 
Cardoso and Serejo 2007:40, Fig. 1. — Serejo et al. 2007:139.— Felder et al. 
2009:1061.— Vázquez-Bader and Gracia 2013:381 (key).

Material Examined. Off Córdoba, 9°2′19.12″-76°59′40.04″, 1389  m, 1 org, 
C5-E02 INV CRU8481. Recognition characters. Rostrum shorter than carapace 
with two pairs of lateral spines. Carapace with cervical and lateral grooves. Anterior 
and posterior submedian carina composed of tubercles; intermediate anterior carina 

Fig. 25.5 (a) 
Glyphocrangon aurantiaca 
(BR-E06). (b) 
Glyphocrangon 
longirostris C5-E02
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with anterior tubercle spiniform, posterior carina composed of small tubercles. 
Anterior antennal carina short, posterior well developed. Anterior lateral carina not 
expanded, not aligned with anterior antennal carina, with an anterior spine. 
Branchiostegal and antennal spines strong (based on Cardoso and Serejo 2007). 
Distribution. Northwestern Atlantic: the USA (Massachusetts). Gulf of Mexico. 
Caribbean Sea: Colombia (off Córdoba); Soutwestern Atlantic: Brazil (Ceará and 
Rio Grande do Norte; Potiguar Basin, Bahia, Espírito Santo, Rio de Janeiro). 
Eastern Atlantic: Ireland to South Africa (Cardoso and Serejo 2007; present study). 
Bathymetric distribution. 908–2094  m (Cardoso and Serejo 2007). Remarks. 
First record for the Colombian Caribbean and for the Caribbean Sea. No differences 
from the description of Cardoso and Serejo (2007).

Superfamily Nematocarcinoidea Smith, 1884.
Family Nematocarcinidae Smith, 1884.

 7. Nematocarcinus ensifer (Smith, 1882) (Figs. 25.2c, 25.3b and 25.4g, h, e).

Eumiersia ensifera Smith 1882:77.
Nematocarcinus ensiferus.— Smith 1884:368; 1886: 188; 1887:665; Caullery, 

1896:377.
Nematocarcinus ensifer.— Sivertsen and Holthuis 1956: 19 (in part); Pequegnat 

1970: 75; Crosnier and Forest 1973:98, 116–123, Figs. 32a–c, 33a–c; Cardoso 
and Serejo 2007:41; Felder et  al. 2009:1053; Cardoso and Burukovsky 
2014:556 (key).

Material Examined. Off Barranquilla, 11°43′21.6″-74°45′04.3″, 2015  m, 2 org, 
C3-E08  INV CRU8434; off Cartagena, 10°27′11.798″-76°15′25.406″, 2300 m, 1 
org, CD-NA3 INV CRU8901; off Cartagena, 10°27′19.64″-76°30′54.68″, 2873 m, 
2 org, C5-E13 INV CRU8484. Recognition characters. Rostrum directed obliquely 
upward, armed with more than 20 teeth on dorsal margin; ventral margin unarmed. 
Carapace with antennal and branchiostegal spines. Stylocerite with broad base and 
acute tip. Scaphocerite elongate, with distal tooth overreaching blade. Posterior 
edge of abdominal segments 3–4 forming an obtuse dorsal projection above the next 
segment. Fifth abdominal somite pleura with a stout spine; distoventral organ at 
sixth abdominal somite formed by two pairs of parallel rows of long plumose setae, 
inner row less developed (Crosnier and Forest 1973; Cardoso and Serejo 2007; 
Cardoso and Burukovsky 2014). Distribution. Northwestern Atlantic: the USA 
(Philadelphia, Maryland, Delaware). Gulf of Mexico. Caribbean Sea: Colombia (off 
Barranquilla, Cartagena). Southwestern Atlantic: Brazil. Eastern Atlantic: Portugal, 
Gulf of Gascoigne, Azores, Morocco, Cape Verde. Mediterranean Sea (Crosnier and 
Forest 1973; Cardoso and Serejo 2007; Felder et  al. 2009; present study). 
Bathymetric distribution. 1430–3549  m (Felder et  al. 2009). Remarks. First 
record for the Colombian Caribbean and for the Caribbean Sea. The rostrum of the 
specimens examined does not overreach the antennular peduncle or overreaches it 
with less than one third of its length (although it has more than 20 teeth), and speci-
mens can be confused with N. cursor, following the keys proposed by Cardoso and 
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Burukovsky (2014). Nevertheless, N. ensifer can be separated from N. cursor by the 
dorsal projection on abdominal segments 3–4 (Fig. 25.4).

 8. Nematocarcinus rotundus Crosnier & Forest, 1973 (Figs. 25.2c and 25.4i, f).

Nematocarcinus rotundus Crosnier and Forest, 1973:98, 103–116, Fig. 29c, 30f–
i, 31e, f.

Nematocarcinus cursor.— Smith 1886 b: pp. 189, 192, 196, 198 (in part); Smith 
1887:665 (in part), pl. 17, Fig.  1–a; Agassiz 1888:46 (in part); Thompson 
1966 b:138, Fig. 4–5; Pequegnat 1970:73 (in part).

Nematocarcinus rotundus.— Wenner 1979:380; Takeda and Okutani 1983:53; 
Squires 1990:105; Burukovsky 2001:1440; 2003:144; 2004:558; 2012:173; 
Cardoso and Burukovsky 2014:445–449, 556 Figs. 5–7.

Material Examined. Off Barranquilla, 11°24′26.2″-74°53′59.2″, 1300  m, 3 org, 
C3-E11 INV CRU8440; off Barranquilla, 11°56′05.0″-74°09′20.0″, 1800 m, 1 org, 
C3-E03 INV CRU8446. Recognition characters. Rostrum straight, usually reach-
ing the distal margin of second segment antennular peduncle, armed with one well- 
defined ventrodistal tooth and 10–16 (usually 12–15) dorsal teeth. Distance between 
apex and dorsodistal tooth equaling distance between the remaining rostrum and the 
dorsal teeth. Somite 3 with a posterodorsal margin poorly developed, rounded. 
Pleura of somite 5 widely rounded, without spine or with a poorly developed spine, 
its sides intersecting at an angle of almost 120°. Telson with 6–8 pairs of dorsolat-
eral spines and one accessory spine (Cardoso and Burukovsky 2014). Distribution. 
Northwestern Atlantic: between Long Island and Chesapeake Bay, between the 
Bahamas archipelago and the south of Florida. Gulf of Mexico. Caribbean Sea: 
Lesser Antilles, Colombia (off Barranquilla, off Santa Marta). Southwestern 
Atlantic: French Guiana; Brazil (Bahia to Rio de Janeiro) (Cardoso and Burukovsky 
2014; present study). Bathymetric distribution. 421–1875  m (Cardoso and 
Burukovsky 2014). Remarks. First record for the Colombian Caribbean Sea. No 
differences from the description of Cardoso and Burukovsky (2014).

Superfamily Oplophoroidea Dana, 1852.
Family Acanthephyridae Spence Bate, 1888.

 9. Acanthephyra acutifrons Spence Bate, 1888 (Fig. 25.6a).

Acanthephyra acutifrons Spence Bate 1888:749, pl. 126: Fig.  3; Chace Jr 
1940:146, Fig.  23; 1986:10, Figs.  2b, 4b, 5b; Crosnier 1987:696; Kensley 
et  al. 1987:283; Cardoso and Young 2005:8, Figs.  3a–d, 4a–g, 5a–d, 6a; 
Pequegnat and Wicksten 2006:95; Judkins 2014:304; Alves-Júnior et  al. 
2019:403, 404, Figs. 1a–b, 2.

Material Examined. Off Barranquilla, 11°55′17.0″-74°54′00.0″, 3100  m, 1 org, 
C3-E06 INV CRU8448. Recognition characters. Rostrum reaching 2/3 of scapho-
cerite, with 6–8 dorsal teeth, one ventral. Antennal spine absent; branchiostegal 
spine present, without distinct carina. All abdominal somites dorsally carinate, 
somites 3–6 with posteromesial tooth, distinctly strong in the third. Male pleopod 1 
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with endopod rounded, lateral margins with densely plumose setae, distal lobe with 
numerous distal spines (Cardoso and Young 2005). Distribution. Northwestern 
Atlantic: Cuba, Bahamas, Tortuga Island. Gulf of Mexico: Mexico. Caribbean Sea: 
Colombia (off La Guajira); Soutwestern Atlantic: Guiana, Suriname, French 
Guiana, Brazil (Rio Grande do Norte, Rocas Atoll, Pernambuco, Fernando de 
Noronha, off Alagoas, Bahia, and Espírito Santo). Meso-Atlantic Ridge. Eastern 
Atlantic: off Western Sahara. Indo-Pacific Oceans: West Indian Ocean, Madagascar, 
Philippines, Indonesia (Sumatra), Australia, Japan (Alves-Júnior et al. 2019; pres-
ent study). Bathymetric distribution. 650–4200  m (Alves-Júnior et  al. 2019). 
Remarks. First record for the Colombian Caribbean and for the Caribbean Sea. 
Cardoso and Young (2005) report carapace lengths of 41–51 mm in specimens from 
Brazilian waters. The specimen examined presented a remarkably long cara-
pace: 60 mm.

 10. Acanthephyra curtirostris Wood-Mason in Wood-Mason & Alcock, 1891 
(Fig. 25.6b).

Acanthephyra acutifrons Spence Bate 1888:749 (in part); Kemp 1906: 22.
Acanthephyra curtirostris Wood Mason, 1891 (in Wood-Mason & Alcock):195; 

Wood-Mason and Alcock 1892:364, pl. 3, Fig. 5; Faxon 1895:164, pl. 43, 

Fig. 25.6 (a) 
Acanthephyra acutifrons 
C3-E06. (b) Acanthephyra 
curtirostris (C5-E13). (c) 
Acanthephyra 
stylorostratis (PA-E01). (d) 
Acanthephyra 
quadrispinosa (KI-FSE03). 
(e) Systellaspis debilis 
(CD-NA3)
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Figs. 2–5; Anderson, 1896:94; Alcock 1899:76; 1901:81; Kemp 1906:22; 
De Man 1920:44; Balss 1925:261, Fig.  30; Chace Jr 1936:26; 1937:111; 
1947:17; Calman 1939:194; Springer and Bullis Jr 1956:11; Figueira 
1957:28, pl. 2, Fig.  1; Pearcy and Forss 1966:1137; Crosnier and Forest 
1968:1129; 1973:39, Fig. 8a; Kensley 1981a:57; 1981b:21; Kensley et al. 
1987:283; Vereshchaka 1990:139; Pequegnat and Wicksten 2006:96; Alves- 
Júnior et al. 2019:404–406, Figs. 3a–b, 4.

Material Examined. Off Cartagena, 10°27′19.64″-76°30′54.68″, 2873 m, 1 org, 
C5-E13  INV CRU8474. Recognition characters. Integument firm. Rostrum not 
reaching beyond antennular peduncle with 10–14 dorsal teeth, one ventral. Carapace 
not dorsally carinate posteriorly. Branchiostegal spine and carina present; the last 
extends back to posterior part of branchial region. Abdominal somites 2–6 dorsally 
carinate, somites 3–6 with a median posterior spine. Telson dorsally sulcate on 
proximal half with 6–15 dorsolateral spines (Alves-Júnior et al. 2019). Distribution. 
Northwestern Atlantic: the USA (Oregon), Bermuda, Bahamas. Gulf of Mexico. 
Caribbean Sea: Antilles, Panamá Basin. Colombia (Soutwestern Colombian 
Caribbean, off Arboletes, Antioquia). Southwestern Atlantic: British Guiana, Brazil 
(Pear, Rocas Atoll, Fernando de Noronha, and off Pernambuco). Eastern Atlantic: 
Portugal (Madeira Island). Indo-Pacific Ocean: East coast of Africa, Aldabra Atoll, 
Arabian Sea, Maldives Islands, Gulf of Bengal, Andaman Sea. Eastern Pacific: the 
USA (Northern California, USA, to Baja California, Mexico) and Peru (Alves- 
Júnior et al. 2019; present study). Bathymetric distribution: 550–5900 m (Alves- 
Júnior et al. 2019). Remarks: First record for the Colombian Caribbean Sea. No 
differences from the description of Alves-Júnior et al. (2019).

 11. Acanthephyra quadrispinosa Kemp, 1939 (Fig. 25.6d).

Acanthephyra batei Stebbing 1905:107, pl. 24B.
Acanthephyra quadrispinosa Kemp 1939:576; Barnard 1950:668, Fig. 124 g; 

Kensley 1968:311; 1972:40 (key), Fig.  18c, d; 1981a:57; 1981b:21; 
1987:284; Chace Jr 1986:26, Figs. 3 h, 4 t, 7 g, 10c, 14; Crosnier 1987:697; 
Kensley et al. 1987:284; Cardoso and Young 2005:21, Figs. 14–18; Judkins 
2014:304; Alves-Júnior et al. 2019:410–411, Figs. 9 a–b, 10, 39e.

Material Examined. Off Gulf of Morrosquillo, 10°6′58.07″-76°47′57.36″, 
3097  m, 1 org, C5-E11  INV CRU8473; off Arboletes, Antioquia, 
9°11′30.2849″-76°50′45.879″, 1600–1800 m, 1 org, KI-E01  INV CRU8470; off 
San Juan de Urabá, 9°2′35.03400″-76°52′38.157″, 1200  m, 1 org, PA-E02  INV 
CRU8451. Recognition characters. Rostrum overreaching scaphocerite, ventral 
margin with 3–4 teeth; antennal spine present; carapace with branchiostegal spine 
and carina present. All the abdominal somites except the first strongly carinate 
dorsally; 3–6 segments armed with posteromesial tooth. Third distinctly strong. 
Telson sulcate on dorsal midline, with four pairs of dorsolateral stout setae (Cardoso 
and Young 2005, Alves- Júnior et al. 2019). Distribution. Caribbean Sea: Colombia 
(Gulf of Morrosquillo, Arboletes, San Juan de Urabá). South Western Atlantic: 
Brazil (off Pernambuco, Espírito Santo, and Rio de Janeiro), off Uruguay. 
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Indo-Pacific Oceans: from South Africa, Madagascar, Arabian Sea, Sumatra, 
Indonesia, Australia, Papua New Guinea, Japan, Canada (Alves-Júnior et al. 2019; 
present study). Bathymetric distribution. 250–3716 m (Alves-Júnior et al. 2019). 
Remarks. First record for the Colombian Caribbean and for the Caribbean Sea. It 
considerably increases the range of latitudinal distribution in the Atlantic Ocean. 
According to the description of Alves-Júnior et  al. (2019), A. quadrispinosa is 
armed with 3–7 dorsal teeth on the rostrum, while the specimens examined here 
exhibit 10 spines. The specimens showed similarities with Acanthephyra purpurea, 
but the presence of a tooth at the distal end of the dorsal carina of the fourth abdom-
inal somite indicates that they belong to A. quadrispinosa.

 12. Acanthephyra stylorostratis (Spence Bate, 1888) (Fig. 25.6c).

Bentheocaris stylorostratis Spence Bate, 1888: p. 726, pl. 123, Fig. 4.
Acanthephyra stylorostratis.— Calman 1925:14; Chace Jr 1936:30; 1940:144, 

Fig. 22; 1986:10; Barnard 1950:666; Cardoso and Young 2005:27, Figs. 14 
a–e, 15 a–g, 16 a–d, 17a; Pequegnat and Wicksten 2006:97; Serejo and 
Cardoso 2010:194, Fig. 1a–c; Alves-Júnior et al. 2019:412–413, Figs. 11a–
c, 12, 39 f.

Material Examined. Off Barranquilla, 11°55′17.0″-74°54′00.0″, 3100  m, 1 org, 
C3-E06  INV CRU8445; off San Juan de Urabá, 8°52′58.0512″-76°52′40.090″, 
200 m, 1 org, PA-E01 INV CRU8453. Recognition characters. Rostrum projecting 
like a rounded crest, dorsally armed with six spiniform teeth and one styliform and 
long tooth on ventral margin. Carapace with antennal spine, and branchiostegal 
spine and carina. Somites 2–6 carinate and 3–6 with posteromesial tooth, third dis-
tinctly strong (Cardoso and Young 2005). Distribution. Northwestern Atlantic: the 
USA (off New Jersey, Florida), off Bermuda. Gulf of Mexico, Caribbean Sea: 
Honduras, Nicaraguan Rise, Colombia (Southern and central Colombian Caribbean, 
off Barranquilla, San Juan de Urabá), Venezuela (Isla la Tortuga). Southwestern 
Atlantic: Brazil (Ceará Chain, Rio Grande do Norte, Alagoas, and off Espírito 
Santo). Eastern Atlantic: Portugal (Canary, Madeira, and Cape Verde Islands). 
Sahara Occidental. Indo-Pacific Oceans: South Africa (Natal), Tuamotu Archipelago 
(Pequegnat and Wicksten 2006; Alves-Júnior et  al. 2019; present study). 
Bathymetric distribution. 700–3548 m (Alves-Júnior et al. 2019). Remarks. First 
record for the Colombian Caribbean. These records extend the bathymetric distribu-
tion from shallow waters to 200 m.

Family Oplophoridae Dana, 1852.

 13. Systellaspis debilis (A. Milne-Edwards, 1881) (Fig. 25.6e).

Acanthephyra debilis A. Milne-Edwards 1881: p. 13.
Miersia gracilis Smith 1882: p. 70.
Systellaspis bouvieri Coutière 1905:8, Fig. 3.
Systellaspis debilis.— Holthuis 1951:32; Chace Jr 1940:181, Fig. 51; 1986:67, 

Figs. 34 m–o, 35 g, h; Kensley 1972:38, Fig. 17b–c; Crosnier and Forest 
1973:87, Figs. 26b, 27b; Vereshchaka 1990:140; Poupin 1996:6; Cardoso 

B. Martínez-Campos et al.



675

and Young 2005:64, Figs. 49–53; Pequegnat and Wicksten 2006:102; Felder 
et  al. 2009:1053; Poupin 2010:73; Alves-Júnior et  al. 2019:431–432, 
Figs. 35 a–b, 36.

Material Examined.  Off Córdoba, 9°21′12.47″-77°1′4.32″  2423 m1 org 
C5-E05 INV CRU8486. (Off Arboletes, Antioquia) 10°27′11.798″-76°15′25.406″ 
2300 m 1 org CD-NA3 INV CRU8901. Recognition characters. Rostrum over-
reaching scaphocerite and armed with 10 dorsal and 15 ventral teeth, carapace with 
branchiostegal spine. Abdominal somites not dorsally carinate, 3–5 with posterome-
sial tooth, third distinctly strong. Tergum of somites 4 and 5 with markedly spinu-
lose posteromesial margin (Cardoso and Young 2005). Distribution. Northwestern 
Atlantic: Bahamas. Gulf of Mexico. Caribbean Sea: Antilles, Colombia (off 
Córdoba, off Arboletes, Antioquia). Southwestern Atlantic: Brazil (Bahia). Eastern 
Atlantic: West African coast, from Cape Verde, Guinea to Gabon. Indian and Pacific 
Oceans: Madagascar, Western Indian Ocean, South China Sea, Zanzibar, the 
Philippines, Indonesia (Cardoso and Young, 2005; present study). Bathymetric dis-
tribution. 25–4594 m frequently between 300 and 600 m (Alves-Júnior et al. 2019). 
Remarks. First record for the Colombian Caribbean. No differences from the 
description of Cardoso and Young (2005).

Fig. 25.7 (a) Eurythenes 
gryllus (KI-FSN04). (b) 
Eurythenes thurstoni 
(BR-E03). (c) 
Paracallisoma alberti 
(CD-NA3). (d) Stephonyx 
biscayensis (KI-FSE02)
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Order Amphipoda Latreille 1816.
Suborder Amphilochidea Boeck, 1871.
Superfamily Lysianassoidea Dana, 1849.
Family Eurytheneidae Stoddart & Lowry, 2004.

 14. Eurythenes gryllus (Lichtenstein in Mandt, 1822) (Fig. 25.7a).

Gammarus gryllus Lichtenstein in Mandt, 1822:34.
Eurythenes gryllus.— Stoddart and Lowry, 2004: 429–445, Figs. 1–11 (com-

plete synonymy); D’Udekem D’Acoz and Havermans 2015:23–41, 
Figs. 12–26.

Material Examined. Off Morrosquillo, 10°27′19.64″-76°30′54.68″, 2873 m, 7 org, 
C5-E13 INV CRU8479; off Córdoba, 3097 m, 10°6′58,07″-76°47′57,36″, 63 org, 
C5-E11 INV CRU8480; off isla San Bernardo, 10°2′22.9379″-76°37′32.584″, 
3000  m, 4 org, PA-E08  INV CRU8454; off isla San Bernardo, 
10°9′32.8859″-76°40′5.9483″, 2800  m, 14 org, PA-E09  INV CRU8455; off 
Cartagena, 10°20′51.824″-76°27′28.591″, 2600 m, 4 org, PA-E11 INV CRU8457; 
off Cartagena, 10°28′49.093″-76°16′15.471″, 2000–2400 m, 5 org, CA-E01 INV 
CRU8461; off Arboletes, 9°8′15.11330″-76°50′44.324″, 1600–1800  m, 2 org, 
KI-FSN04 INV CRU8465. Recognition characters. Anterodorsal margin of head 
smooth. Gnathopod 1 parachelate, length of basis 2–2.5 the width; propodus slightly 
tapering distally. Pereopods 3–7 dactyl short, about one third as long as article six, 
combined length of articles 3–7 of third pereopod twice as long as second article. 
Pereopod 4 coxa as deep as wide. Basis of pereopod 7 as long as width or equaling; 
posteroventral margin straight. Third pleonite with anterodorsal notch. Epimeron 3 
posteroventral corner broadly rounded. Urosomite 1 not dorsodistally produced 
over urosomite 2. Uropod of third peduncle devoid of robust setae (Barnard 1961; 
Stoddart and Lowry 2004). Distribution. Cosmopolitan (D’Udekem D’Acoz and 
Havermans 2015). In the Colombian Caribbean (off Arboletes, Morrosquillo, 
Cartagena). Bathymetric distribution. 839–3000  m (D’Udekem D’Acoz and 
Havermans 2015). Remarks. Despite a cosmopolitan condition, according to the 
map in Stoddart and Lowry (2004), this is the first record of the species in the 
Colombian Caribbean Sea. Escobar-Briones et al. (2010) mentioned the presence of 
the E. gryllus in the Caribbean waters but did not clarify the localities. Moreover, 
they are not included in the listing of amphipods that are recognized for the 
Caribbean, based on Martín et al. (2013). Therefore we consider it relevant to con-
firm the presence of the species in Colombian waters.

 15. Eurythenes thurstoni Stoddart & Lowry, 2004 (Fig. 25.7b).

Eurythenes thurstoni Stoddart and Lowry, 2004:451–460, Figs. 16–20.
Eurythenes gryllus.– Hurley 1957:2 (in part); Barnard 1961:35 (in part), Figs. 6, 

7 (material from South Pacific); Lowry and Stoddart 1993:72; France and 
Kocher 1996a:633 (in part).

Eurythenes cf. gryllus.— Lowry and Stoddart 1994:158 (in part).
Eurythenes sp.— France and Kocher 1996b:306.
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Eurythenes thurstoni.— Senna 2009:86 (table); Quadra et  al. 2014:376, 
Figs. 2–3; D’Udekem D’Acoz and Havermans 2015:74–75.

Material Examined. Colombia (La Guajira) 12°50′17.578″-71° 40′19.550″ 840 m 
2 org BR-E03 INV CRU8427. Recognition characters. Anterodorsal margin of 
head forming an upturned ridge. Gnathopod 1 subchelate; basis three times longer 
than wide; propodus margins subparallel; palm of gnathopod 2 very protruding. 
Dactyl of pereopods 3–6 short. Coxa of pereopod 4 deeper than wide. Posterodistal 
lobe of basis of pereopod 7 very long (1.5 times longer than width), posteroventral 
margin straight but angled. Third pleonite without anterodorsal notch. Third epim-
eron with posteroventral corner subquadrate. Urosomite 1 dorsodistally produced 
over urosomite 2. Peduncle of uropod 3 with robust setae on medial face (Stoddart 
and Lowry, 2004). Distribution. Northwestern Atlantic: Bahamas. Gulf of Mexico. 
Caribbean Sea: Colombia (La Guajira). Southwestern Pacific Ocean: Indonesia, 
eastern and southern Australia, New Zealand, Loyalty Islands Basin, Wallis and 
Futuna Islands, Tonga (Stoddart and Lowry 2004; present study). Bathymetric dis-
tribution. 128–4670 m (Stoddart and Lowry 2004). Remarks. First record for the 
Colombian Caribbean and for the Caribbean Sea. No differences from the descrip-
tion of Stoddart and Lowry (2004).

Family Scopelocheiridae Lowry & Stoddart, 1997.

 16. Paracallisoma alberti Chevreux, 1903 (Fig. 25.7d).

Paracallisoma alberti Chevreux, 1903:84, Figs.  2, 3; Stebbing 1906:719; 
Chevreux 1935:39, pl. 1, Fig. 3, pl. 9, Fig. 2, pl. 16, Fig. 5; Birstein and 
Vinogradov 1955:223, 279 (in part); Schellenberg 1955:191 (in part); 
Barnard 1958:97 (list); Belloc 1960:4; Lampitt et al. 1983:76; Desbruyères 
et  al. 1985:236, Fig.  1, 237; Thurston 1990:266; Barnard and Karaman 
1991:511; Palerud and Vader 1991:41; Lopes et al. 1993:209; Dauvin and 
Bellan-Santini 2002:316; Horton 2006:20; Horton et al. 2013:355. Kilgallen 
and Lowry 2015:22–24, Figs.  22–23; Horton and Thurston 2015:94–101, 
Figs. 1–5.

Material Examined. Off Cartagena, 10°27′11.798″-76°15′25.406″, 2300 m, 2 org, 
CD-NA3 INV CRU8904; off Cartagena, 10°28′49.795″-76°14′36.848″, 2400 m, 2 
org, CD-NA2  INV CRU8903; off Cartagena, 10°25′33.851″-76°16′14.057″, 
2400 m, 3 org, CD-NA4 INV CRU8905 Recognition characters. Head deeper than 
long, lateral cephalic lobe large, narrow, subacute. Coxae 1–2 subrectangular, not 
tapering distally. Gnathopod 1 with coxa slightly longer than wide, margins subpar-
allel; basis not expanded; propodus subrectangular, dactylus anterior margin with 
rows of long slender setae. Gnathopod 2 with propodus broadened distally, dactyl 
shorter than palm, inserted at the anterodistal angle of propodus. Pereopods 3–7 not 
prehensile. Carpus of pereopods 3–4 distinctly longer than wide. Coxa of fourth 
pereopod subacutely produced on posteroventral lobe. Basis of fifth pereopod pyri-
form. Urosomite 1 concave anteriorly with a rounded smooth boss posteriorly. 
Uropod 1 peduncle 1.2 times inner ramus; rami subequal. Uropod 2 peduncle as 
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long as inner ramus. Uropod 3 peduncle shorter than inner ramus; outer ramus, two- 
articulate. Telson weakly tapering and deeply cleft (Kilgallen and Lowry 2015; 
Horton and Thurston 2015). Distribution. Northeastern Atlantic: Madeiran and 
Iberian Basins; Porcupine Seabight, Bay of Biscay; Faroe-Shetland Channel. 
Caribbean Sea, Colombia (off Cartagena) (Horton and Thurston, 2015; present 
study). Bathymetric distribution. 1661–2628  m (Horton and Thurston 2015). 
Remarks. First record for the Colombian Caribbean, the Caribbean Sea, and the 
northwestern Atlantic.

 17. Stephonyx biscayensis (Chevreux, 1908) (Fig. 25.7c).

Euonyx biscayensis Chevreux, 1908:1, Fig. 1; Barnard 1916:110; Stephensen, 
1923:42; Schellenberg 1926:200; Chevreux 1927:47; Pirlot 1933:120 (key); 
Chevreux, 1935:7, pl. 5 Fig. 2; Barnard 1958:91; Belloc 1960:6; Desbruyères 
et al. 1985:236, 237; Andres 1987:96; Costello et al. 1989:32; Barnard and 
Ingram 1990:2, 3 (key); Barnard and Karaman 1991:485; Holmes et  al. 
1997:186; Dauvin and Bellan-Santini 2002:315.

Stephonyx biscayensis.— Lowry and Stoddart 1989:522, Figs. 2, 3; Palerud and 
Vader 1991:43; Poupin 1994:16; Lowry and Stoddart 1997:129, Fig.  63; 
Escobar-Briones and Winfield 2003:42; Ortiz et al. 2007:516; Diffenthal and 
Horton 2007:40 (key); Senna and Serejo 2007:13 (key); Brown and Thatje 
2011:1, Figs.  1–3; Narahara et  al. 2012:1486, 1506 (key), Figs.  7–11; 
Corrigan et al. 2014:10, Fig. 5; Lowry and Kilgallen 2014:66–67.

Material Examined. Off Antioquia, 9°2′19.12″-76°59′40.04″, 1389  m, 15 org, 
C5-E02  INV CRU8478; off Arboletes, Antioquia, 9°13′31.0605″-76°49′7.6814″, 
1600–1800 m, 2 org, KI-E02 INV CRU8464. Recognition characters. Antenna 1 
shorter than antenna 2; flagellum article 1 distinctly elongate. Antenna 2 as long as 
or longer than body. Lateral cephalic lobes rounded. Gnathopod 1 chelate; coxa 
subquadrate and reduced. Ischium extremely elongate; carpus very long, of sub-
equal length to propodus. Propodus margins subparallel, palm obtuse. Gnathopod 2 
subchelate; carpus at least twice as long as propodus, dactyl minute. Coxa of fifth 
pereopod equilobate, basis distinctly broader than long. Coxa 6 produced into a 
posterior lobe. First epimeron with the anterodistal margin obtuse or broadly 
rounded; third epimeron with posterodistal margin slightly acute. Telson more than 
twice as long as broad, deeply cleft (Kilgallen 2006). Distribution. Northwestern 
Atlantic: off Florida, the USA. Gulf of Mexico. Caribbean Sea: Puerto Rico Basse 
Terre, Guadeloupe, Colombia (off Antioquia). Northeastern Atlantic: Bay of Biscay; 
Faeroes; Ireland; Hatton-Rockall Basin; northwest Africa. Southeastern Atlantic: 
South Africa (Cape Point). Indian Ocean. East China Sea: Okinawa Trough and off 
Aguni-Jima Island (Lowry and Kilgallen 2014; present study). Bathymetric distri-
bution. 494–1510 m (Lowry and Kilgallen 2014). Remarks. First record for the 
Colombian Caribbean. No differences from the description of Kilgallen (2006).
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25.3.2  Distribution Considerations

The specimens collected and captured with the ROV coincide mostly with those 
found in other regions of the Western Atlantic deep marine ecosystems. Actually, 
several species presented a wide latitudinal distribution. However, it is remarkable 
that only nine of the 17 species had been previously recorded in Caribbean waters. 
It is also important to emphasize that Cerataspis monstrosus, Alvinocaris muricola, 
Eurythenes thurstoni, and Stephonyx biscayensis are distributed from the north-
western Atlantic to the Caribbean Sea, and Alvinocaris markensis and Acanthephyra 
quadrispinosa from the southwestern Atlantic to the Caribbean Sea. This indicates 
that the Colombian Caribbean is a borderland for distribution patterns and, at the 
same time, a point of convergence for species that belongs to two different biogeo-
graphic regions.

Locally, the specimens presented a pattern of distribution that coincides with 
what has been reported in literature, indicating that there are at least two different 
faunal groups, which allow for a clear differentiation between the northern and 
southern sectors of the Colombian Caribbean (Invemar 2010). Alvinocaris marken-
sis, A. muricola, G. aurantiaca, Acanthephyra acutifrons, and Eurythenes thurstoni 
are representatives of the northern Colombian area, while the remaining species 
recorded herein are representatives of the southern Colombian area. However, it is 
imperative to enrich the database and complete the information related to the distri-
bution of the deep-sea species occurring off Colombia in order to elucidate whether 
this emerging pattern is due to ecological factors or to knowledge gaps about the 
distribution of the regional deep fauna.
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A. kingsleyi, 516, 517
A. quadrispinosa, 517
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abundance, 359, 366, 367
advances, 361
CL, 360–363, 367
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Allosergestes pestafer, 297
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Altelatipes carinatus, 506
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Alvinocaris markensis, 665, 666
Alvinocaris muricola, 665, 667, 668
American continents, 17
American deep-seas

biogeographic boundaries, 11
continental movements, 8
EZZ, 14
Gondwana and Laurasia breakup, 8
Isthmus of Panama, 8
marine Arthropoda, 14, 15, 17
marine organisms distributions, 9
ocean limits, 8
oceanographic processes, 11
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shallow-water decapods, 11

Ammothea spinosa, 31, 33
Ammotheidae, 40
Ampelisca romigi, 131
Ampelisca unsocalae, 215
Ampeliscid amphipods, 215
Amphilochidea, 128
Amphiodia urtica, 210
Amphipoda, 167, 184, 676
Amphipods
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advantages, 138
Amphilochidea and Senticaudata, 131
bathymetric distribution, 138
deep-sea fuana, 128
features, 128
Gulf of California, 139
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lifestyles, 128
morphological and physiological 

adaptations, 128
peracarid crustaceans, 128
species and genera, 128
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Anisopagurus bartletti, 549
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Chirostylidae, 541, 543
crabs, 460
crustaceans, 648
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Lithodidae, 543–544
Munididae, 544–547

Munidopsidae, 547–549
Paguridae, 549–550
Parapaguridae, 550–551

Antarctic Circumpolar Current, 8
Antarctic territory fauna, 586
Anuropodione carolinensis, 145
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Aoroides exilis, 213
Aporobopyrina anomala, 145
Archipiélagos Coralinos (ARCO), 359
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Argeia atlantica, 148
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249, 294, 425, 502, 503
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250, 503
Aristeidae, 452, 588
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A. antennatus, 504
A. antillensis, 503, 504
C. monstrosus, 505
H. carpenteri, 504
H. tener, 504, 505
P. coruscans, 505

Aristeus antennatus, 504
Aristeus antillensis (purple shrimp), 250, 

503, 504
Arthropods, 14
Artisanal trawling, 650
Astacidea, 451, 460

Nephropidae, 536–538
Astrobiology programs, 3
Atacama Trench, 98
Atelecyclidae, 596
Atlantic Bight, 368
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Bathygyge grandis, 149
Bathymetric zones, 131
Bathymetry maps, 4
Bathynectes longispina, 559, 560
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Bathyplax typhla, 556
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Bathypolypus Grimpe, 106
Bathystylodactylus, 396
Beaufort Sea, 104
Bentheogennema intermedia, 506
Benthesicymidae, 408, 451, 463
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B. intermedia, 506
B. bartletti, 503, 506
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G. capensis, 507
G. scutatus, 507
G. talismani, 507, 508
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biomass, 213
bottom sediments, 218
cluster analysis, 199
continental shelf, 216
crustacean-dominated margin, 218
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shelf-slope break, 211, 212, 214
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infaunal invertebrates, 194
macrofaunal invertebrates, 217
major taxonomic groups, 205, 

206, 209–210
methods, 195, 196
microscopic analysis, 199
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Monterey Bay, 195
mud belt, 218
ostracods, 219
parallel bottom communities, 194
peracarid crustaceans, 206
phoxocephalid, 217
sediments, 197, 198

shallow shelf communities, 194
shallow-water ecosystem, 216
shallow-water sand community, 217
shelf communities, 217
slope communities, 216
Southern California, 194
species density, 217
telecommunication companies, 194

Benthic crustaceans, 409
Benthic depth strata, 462, 463
Benthic harpacticoid copepods
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American species, 48
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coordinates, 57
diversity and distribution (see 

Harpacticoids diversity and 
distribution)

extreme environmental conditions, 115
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gray literature, 57
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hydrothermal vents/seeps, 114
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marine tetrapods and fishes, 48
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Meiofauna and distribution, 
harpacticoids)

dispersal capabilities, 107
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Atlantic sector, 184
bathymetric and geographic 

distributions, 158
crustacean peracarids, 158
cryptic species, 185
Cumacea, 183
cumaceans, 159
fauna, 184
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Isopoda, 167, 183
material, 159
methods, 159
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peracarids, 158, 159
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Sub-Antarctic region, 167
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Decapoda (see Decapoda)
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A. alexandri, 542, 551
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Canadian Ellesmere Island and Greenland, 8
Cancer johngarthi, 622, 623
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Canthocamptid Bathycamptus eckmani, 105
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Carabinero shrimp, 560
Carapace, 666
Carapace length (CL), 241
Cardoso Azevedo, I., 499
Cardus, 334
Caribbean Lobster (Metanephrops binghami), 

428, 429
Caribbean of Costa Rica, 635
Caribbean waters, 679
Caridea

Acanthephyridae, 514
Bathypalaemonellidae, 520, 521
Crangonidae, 521–522
Glyphocrangonidae, 522–524
Nematocarcinidae, 524–526
Oplophoridae, 534–536
Pandalidae, 526–531
Pasiphaeidae, 531–534
Psalidopodidae (see Psalidopodidae)

Caridean shrimps, 265, 459–461
Catapaguroides microps, 549
Catch per unit effort (CPUE), 241
Cebocaridae, 128
Cephalothoracic length (CL), 246
Cephalothorax, 366
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Cerataspis monstrosa, 405, 408–410
Cerataspis monstrosus, 452, 505, 664, 665
Ceratocumatidae, 183
Cervical carina, 664
Chaceon sp.

C. gordonae, 554, 555
C. linsi, 555
C. notialis, 555
C. ramosae, 555
C. sanctaehelenae, 555

Challenger Expedition (1872–1876), 500
Charles Darwin Foundation, 396
Chasmocarcinidae, 551
Chasmocarcinus cylindricus, 551
Chemoreception, 660
Cheramus profunda, 538
Chile EEZ, 587
Chile’s deep-water crustaceans

Alpheidae, 589
Aristeidae, 588
Atelecyclidae, 596
Axiidae, 592
Benthesicymidae, 588
bentho-demersal/-pelagic species, 597, 598
Calappidae, 596
Campylonotidae, 589
Cancridae, 597
Chirostylidae, 592
Cirolanidae, 588
Crangonidae, 591
Cymonomidae, 595
Dromiidae, 595
Epialtidae, 596
Geryonidae, 596
Glyphocrangonidae, 591
Hippolytidae, 590
Homolidae, 595
Homolodromidae, 595
Inachidae, 596
Ischnomesidae, 588
isopods and decapods, 587, 597
Joeropsididae, 588
Latreilliidae, 595
Leucosiidae, 595
Lithodidae, 593
Macrostylidae, 588
Munididae, 593
Munidopsidae, 592
Munnopsidae, 588
Nematocarcinidae, 589
Nephropidae, 591
Paguridae, 594
Palaemonidae, 590
Palinuridae, 592

Pandalidae, 590
Parapaguridae, 594
Parthenopidae, 596
Penaeidae, 589
Physetocarididae, 590
Polychelidae, 592
Processidae, 589
Progeryonidae, 596
Rectarcturidae, 588
Sicyoniidae, 589
Solenoceridae, 589
soviet expeditions, 587
species classification, 587
Sphaeromatidae, 588
Spongicolidae, 589
Stylodactylidae, 591
Thoridae, 590

Chilean maritime territory, 586
Chilean Pacific continental slope off Chiloé 

Island, 98
Chilean waters, 586
Chiloé islands, 597
Chirostylidae, 592

U. janiceae, 541, 542
U. nitidus, 542, 543
U. uncifer, 543

Chirostyloidea, 404
Cholidya polypi, 106
Chromas 2.23, 346
CIGoM initiative, 97
Cirratulid polychaete, 105
Clarion-Clipperton Fracture Zone (CCZ), 91, 

100, 106
Clythrocerus granulatus, 552
Coastal shrimps, 649
Cold seeps, 661
Colomastigidea, 128
Colombian Caribbean

A. longipes, 358, 367–369
biology, 358
continental slope, 366
eco-regions, 358, 359
galatheids, 366
stations, 361

deep-sea crustacean fisheries
ABC method, 431
biodiversity, 422
bycatch reduction, 432, 433
communities, 429, 431, 432
crustacean fishery, 424, 425
deep-sea ecosystems, 422
deep-water species, 429
diversity, 431
EAF, 423
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ecosystems, 423, 429
fisheries management, 425
fisheries systems, 422
fishing resources, 422
human consumption, 422
management and conservation 

strategies, 422, 423
marine conservation, 425
marine ecosystems, 422, 426
materials, 423
methods, 423
MPA, 433–435
shrimps, 425
spatial management, 433–435

new records of crustaceans
A. acutifrons, 671, 672
A. curtirostris, 672, 673
A. markensis, 665, 666
A. muricola, 667, 668
A. quadrispinosa, 673, 674
Aristaeidae, 662
A. stylorostratis, 674
biological material and samples, 661
chemosynthetic productivity 

sources, 661
C. monstrosus, 664, 665
crustacean megafauna, 660
disitribution patterns and ecology, 660
E. gryllus, 676
E. thurstoni, 676, 677
endemic species, 660
Eurytheneidae family, 663
exploratory surveys, 661, 662
G. aurantiaca, 668, 669
G. longirostris, 669, 670
H. carpenteri, 663
hydrocarbon industry, 660
Lysianassoidea, 663
N. ensifer, 670
N. rotundus, 671
Oplophoroidea, 662
P. alberti, 677, 678
primary productivity, 660
S. biscayensis, 678
S. debilis, 674, 675
species distribution, 679
specimens collected, 660
superfamilies, 662

Colonized wells, 48
Colossendeis sp., 9

C. novangliae, 150
C. angusta, 31, 33
C. megalonyx tenera, 43

C. tenera
Antarctic and sub-Antarctic waters, 39
deepwater communities, 39
ecology, 42
environmental conditions, 43
environmental data, 42
geographic distribution, 42
material, 40, 41
methods, 40
OMZ, 43
Pycnogonida, 43

Colypurus agassizi, 150
Commercial deepwater shrimps, 648
Commercial shrimps, 493
Community diversity, 201
“Compound Poisson”, 278
Conservation of biodiversity (CB), 430
Continental Chilean coast, 597
Costa Rican deep-sea crustaceans

benthic and pelagic habitats, 636
copepoda, 649
decapods, 647, 648
deepwater fisheries, 649–650, 652
environments, 636, 652
Euphausiacea, 648
expeditions and cruise reports, 634–636
exploration, 652
habitats, 634
management and conservation, 651
Munidopsidae squat lobsters, 646
national and regional agencies, 652
peracarida, 649
peracarids, 646
research, 634
stomatopods, 647
threats, 650, 651

Costa Rican Institute of Fishing and 
Aquaculture, 650

Costa Rican Pacific, 648
Crangonidae, 265, 459

P.  caribbaea, 521
P. gracilis, 521
P. longirostris, 521
P. brasiliensis, 522
S. hystrix, 522

Crangonoidea, 662
Crustaceans, 205
Crustaceas, 14
Cryptolithodes expansus, 376
Cumacea, 167, 183, 205
Cyclocaridae, 128
Cyclodorippe antennaria, 552
Cyclodorippidae, 552
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C. granulatus, 552
C. antennaria, 552

Cymonomidae
C. guinotae, 552
C. guillei, 552
C. magnirostris, 552
C. quadratus, 552, 553

Cymonomoides guinotae, 552
Cymonomus guillei, 552
Cymonomus magnirostris, 552
Cymonomus menziesii, 409
Cymonomus quadratus, 552, 553
Cymothoida, 143
Cyphocarididae, 128, 138
Cytochrome oxidase, 346

D
Dactylus-shaped pereopods, 139
Darién (DAR), 359
Decapoda, 15, 588, 663

Dendrobranchiata (see Dendrobranchiata)
Pleocyemata (see Pleocyemata)

Decimal degrees (DD), 159
Deep benthic strata, 462
Deep coral reef formations, 489
Deep-sea, 257

American context (see American 
deep-seas)

amphipods, 15, 663
anthropogenic disturbance, 17
biological resources exploitations, 634
chemical properties, 2
climate change, 17
communities, 7
crustaceans, 7 (see also Costa Rican 

deep-sea crustaceans)
discoveries, 3
diversity, 634
ecological dynamics, 634
environment, 5
fauna distributions, 7
faunal record, 3
hydrothermal vents, 2
initiatives, 18
in situ images, 4
manned submersible dives, 4
mapping, 4
OBIS records, 5
shrimp fishing, 650
specimens, 3
survey and image, 4
three-dimensional space, 6
zones, 7

“DeepSee” submersible, 636
Deepwater

arthropods, 17
benthic isopods, 586
decapods, 15
ecosystems, 252
fishery resources, 252
Pleocyemata, 586
pycnogonids, 9
trawl fishing, 251

Deepwater Horizon (DWH), 96, 97
Deepwater shrimp, 250

fisheries, 250
fishery resource, 249

Degrees decimal minutes (DDM), 57
Degrees, minutes, seconds (DMS), 159
Deltaic systems, 128
Dendrobranchiata, 501

Aristeidae (see Aristeidae)
Benthesicymidae (see Benthesicymidae)
P. coruscans, 505
Penaeidae (see Penaeidae)
Sergestidae (see Sergestidae)
shrimps, 461
Solenoceridae (see Solenoceridae)

Dendropsyllus magellanicus, 98, 113
Deosergestes corniculum, 510
Deosergestes corniculus, 297
Deosergestes paraseminudus, 510
Desventuradas Islands, 597
Diastylidae, 183
Diogenidae, 543
DISCOL experiment, 651
Dissolved oxygen (DO), 11, 13, 275
DNA markers, 352
Dromia bollorei, 553
Dromiidae, 553, 595
DWH oil spill, 96, 97

E
East Pacific Rise, 91, 110, 111, 113
Easter and Sala y Gomez islands, 586
Easter Island, 98
Eastern Central Pacific, 99
Eastern Mediterranean, 110
Eastern Pacific

exploitation and environmental 
disturbance, 413, 414

functional anatomy, 408, 409
habitats, 407, 408
larval stages, 410, 411
methods, 397
Monterey Bay, 395
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Eastern Pacific (cont.)
natural history, 411–413
population densities, 410, 411
ranges, 405, 407
reproduction, 410, 411
species, 397
taxonomy, 397, 403, 404
zoogeographic analysis, 396

East-southeast (ESE), 476
Echinoderms, 206

and mollusks, 489
Echinothambemathidae, 183
Economic exploitation zone (EEZ), 26, 27
Ecosystem approach to fisheries (EAF), 

423, 429
EEZ deep continental margin of Uruguay

abundance and biomass, 
448–451, 462–464

Alpheidae, 459
Anomuran crabs, 460
Aristeidae, 452
bathymetric distribution, 461
biological material, 445
Brachyura, 461
caridean shrimps, 459, 460
decapod crustaceans, 444, 451
decapod species, 451, 461, 466
decapods specimens, 461
deep-sea Decapoda, 451, 452
diversity indices, 463, 465–466
exceptional diversity, 444
geographical distribution, 462
geographical location, 446
Hippolytidae, 459
marine and estuarine decapods, 444
megafauna samples, 446, 447
Penaeoidea, 451
Sergestoidea, 459
Shannon index (H′), 451
species abundance and biomass, 446
species classification, 447
species richness, 464, 466
SWAO, 452
taxonomic classification, 446, 453–458
taxonomic level, 446
trawling lanes, 445, 446

Eiconaxius acutifrons, 404
EiE hypothesis, 107
Electrophoresis, 346
Endemic species, 492
Endemism, 139
Entomolepididae, 106
Entophilus omnitectus, 152
Environmental Characterization of Deep 

waters at Campos Basin, 500

Ephyrina sp.
E. benedicti, 517, 518
E. hoskynii, 303
E. ombango, 303, 518

Epialtidae
H. depressa, 553
H. armatus, 553
M.  crassa, 553
S. umbonata, 554

Epibenthic sled (EBS), 158
Epicaridean species

A. anomala, 145
A. atlantica, 148
A. beringanus, 150
A. carolinensis, 145
A. hyphalus, 149
B. grandis, 149
B. magnafolia, 145
C. agassizi, 150
C. novangliae, 150
diversity, 143
E. omnitectus, 152
euphausids, 152
G. acaudata, 145
G. bilobata, 145
H. acanthephyrae, 150
H. alaskensis, 151
H. nematocarcini, 150
M. cubense, 145
M. irritans, 146
M. longipedis, 146
M. parvum, 146
marine, 143
M. princeps, 146
North and Central America, 152
O. bicaulis, 151
P. abyssorum, 147
P. alascensis, 151
P. americana, 146
P. ampla, 147
parasites, 143
P. confusa maxillipedis, 147
P. elasmonoti, 146
P. fimbriata, 147
P. galacanthae, 147
Pseudione sp., 148
Pseudioninae, 148
P. tumidipes, 149
P. wolffi, 147
P.ornata, 149
tabulation, 144
unidentified Pseudioninae, 148
WoRMS, 144
Zonophryxus sp., 151
Z. retrodens, 151
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Z. setosa, 150
Z. similis, 151

Ethusa microphthalma, 554
Ethusidae, 461, 554
Ethusina abyssicola, 554
Euchirograpsus americanus, 559
Eupasiphae gilesii, 501, 531
Eupasiphae gilessi, 299
Eupasiphae ostrovski, 528, 531
Euphausids, 152
Euphilomedes, 212
Euprognatha acuta, 558
Eurybathic ranges, 113
Eurytheneidae family, 663
Eurythenes gryllus, 675
Eurythenes thurstoni, 675–677, 679
Eurythenes. gryllus, 676
Eusergestes arcticus, 297
Eusergestes similis, 297
Euspira pallida, 204
“Evaluation of environmental heterogeneity at 

Campos Basin”, 500
Evaluation of Environmental Heterogeneity in 

the Campos Basin (HABITATS) 
project, 501

Exclusive economic zone (EEZ), 14, 444, 
445, 604

Exploratory scientific survey, 251
Exploratory survey off Central America

bathymetric ranges, 624
crustaceans specimens, 604, 605
decapoda

A. xantusii, 622
B. tanneri, 609
C. johngarthi, 622
G. alata, 614
G. caespitosa, 615
G. diomedeae, 618
G. spinulosa, 615
H. diomedeae, 606, 607
H. hostilis, 611, 612
H. vicarius, 612
M. depressa, 618
M. panamensis, 619
M. procax, 614
N. occidentalis, 616
P. amplus, 613
P. diomedeae, 618
P. emarginata, 610
P. gaudichaudii, 622
P. magna, 610
P. planipes, 617, 618
P. tarda, 610
S. agassizii, 608, 609
S. atrox, 614

S. pacifica, 617
T. corallinum, 622

distribution, 624
East Pacific deep-water fauna, 604
EEZ, 604
expedition, 604
RV “Miguel Oliver”, 604
research cruise, 603
sampling program, 604
Stomatopoda, 606

Extraterrestrial conditions, 3
Extreme environmental conditions, 115

F
Fertilization, 368
Fisheries, 238
Free-living harpacticoids, 48, 95, 99
French Polynesia, 461
Funchalia danae, 508
Funchalia villosa, 508
Funchalia woodwardi, 296
Functional diversity, 466

G
Galacantha diomedeae, 410, 411, 618, 621
Galacantha rostrata, 547
Galatheids, 368, 369
Galatheoidea, 404, 405
Galathocrypta acaudata, 145
Gammaropsis, 212
Gardinerosergia bigemmea, 297
Gastroptychus, 404
Gastroptychus cf. iaspis, 404
Gastroptychus spinifer, 409
Gaussian distributions, 278
GenBank database, 346
Gene fragments, 345
General circulation pattern, 238
Generalized additive model (GAM),  

278, 283
Gennadas sp., 452

G. barbari, 295
G. bouvieri, 507
G. capensis, 507
G. gilchristi, 295
G. incertus, 295
G. kempi, 295
G. pasithea, 295
G. propinquus, 295
G. scutatus, 295, 507
G. sordidus, 296
G. talismani, 507, 508
G. tinayrei, 296
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Genomic-scale analysis, 15
Genus Alvinocaris, 661, 662, 666, 667
Genus Bathicaris, 452
Genus Bathymodiolus, 666
Genus Hirondellea Chevreux, 15
Genus Holophryxus, 143
Genus Mesocletodes, 109
Genus Spea Cope, 115
Genus Stereomastis, 460
Geryonidae, 461

C. gordonae, 554, 555
C. linsi, 555
C. notialis, 555
C. ramosae, 555
C. sanctaehelenae, 555

Giant red shrimp (A. foliacea), 426
Global Biodiversity Information Facility 

(GBIF), 159
Global Open Oceans and Deep Seabed 

(GOODS), 7
Glyphocrangon sp., 396, 408, 413

G. aculeata, 522
G. alata, 410, 614
G. alispina, 522, 523
G. aurantiaca, 523, 668, 669
G. longirostris, 518, 523, 669, 670
G. neglecta, 518, 523
G. nobilis, 523
G. sculpta, 524
G. spinicauda, 524
G. spinulosa, 409, 615

Glyphocrangonidae, 265, 407, 460
Glyphus marsupialis, 299
Glyptolithodes cristatipes, 376
Goleathopseudione bilobata, 145
Golfo de Morrosquillo (MOR), 359
Goneplacidae, 555, 556
Graneledone sp., 101
Gray literature, 57
Great Meteor Seamount, 109
GUA ecoregion, 362
Guajira (GUA), 358
Guinea-Bissau, 461, 464
Gulf of California species, 112, 131
Gulf of Mexico

artisanal and industrial fisheries, 238
basin, 238
continental shelves, 238, 474
crustacean fauna, 474
crustaceans composition and 

abundance, 239
decapod crustacean species, 239
deep waters, 474

benthic fishing, 239
biodiversity/living resources, 239
shrimp fisheries, 239

fishery production, 238
Loop Current, 238
Marine Ecosystems, 238, 473
oil spills impatcs, 239
Penaeoidea, 238
sector division, 476
semi-enclosed sea, 238
shrimplike species, 239

Gulf Stream system, 109
Guyanacaris caespitosa, 615, 619, 620

H
Hadropenaeus lucasii, 296
Hadropenaeus modestus, 512, 513
Haliporoides diomedae, 296, 410, 606–608
Haliporus diomedeae, 414
Haplomunnidae, 183
Harpacticoids diversity and distribution

America, 92
Beaufort Sea, 104, 105
Campos Basin, 102, 103
Central Pacific, 99, 100
Eastern Central Pacific, 99
Eastern United States, 94, 95
Gulf of California, 100, 101
Gulf of Mexico, 96, 97
Northeastern Pacific, 101, 102
Sergipe continental slope, 102, 103
Southeast Pacific, 97, 98
southern South America, 95, 96
species, 92

Hemiarthrus nematocarcini, 150
Hemipenaeus carpenteri, 504, 663, 664
Hepomadus tener, 504, 505
Herbstia depressa, 553
Heterocarpus sp., 265, 266

H. dorsalis, 526
H. ensifer, 526
H. hostilis, 611, 612, 615
H. inopinatus, 526
H. laevigatus, 265, 527
H. oryx, 527
H. vicarius, 612, 616

High diversity, 216, 217, 219
Hippolytidae, 459, 590
Holophryxus acanthephyrae, 150
Holophryxus alaskensis, 144, 151
Holoplites armatus, 553
Homola minima, 556, 557
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Homolidae, 556, 557
Homolodromia monstrosa, 557
Homolodromia paradoxa, 557
Homolodromidae, 557, 595
Homologenus rostratus, 557
Human-induced pressures, 634
Human-occupied vehicle (HOV), 500
Hydrothermal fields, 92
Hydrothermal seeps, 114
Hydrothermal vents, 109, 114
Hymenodora glacialis, 304
Hymenodora gracilis, 304
Hymenopenaeus sp.

H. chacei, 513
H. debilis, 248, 513
H. doris, 647
H. halli, 296
H. laevis, 513, 514
H. nereus, 408, 411

Hyperiidea, 128
Hyperiopsidea, 128

I
Inachidae, 557, 558, 596
Inachoididae, 558
Indo-Pacific Ocean, 586
Institute of Marine Sciences at Barcelona 

(ICM-CSIC), 447
International Space Station (ISS), 4
Iphimediidae, 184
Iridopagurus iris, 549, 550
Ischnomesidae, 588
Ischyroceridae, 138
Isopoda, 167, 183, 477, 587
Isopods, 205

crustaceans, 586

J
Janicella spinicauda, 534
Joeropsididae, 588
Juveniles, 668

K
King crabs, 17

biological and fisheries data, 378
distribution, 376, 377, 379
exploratory fishing, 377
female maturity size, 383
laboratory, 378
landing and catch, 380

marine resources, 376
parasites, 384
Peruvian waters, 376, 390
sample, 378
shallow waters, 376
size range, 377
size structure, 377, 380, 381
size-wet mass relationship, 382
statistical analysis, 378, 379

Kruskal-Wallis (K-W), 277
tests, 360

L
Lampropidae, 183
Laophontodes gertraudae, 113
Laophontodes sabinegeorgeae, 113
Laqueus californianus, 214
Latitudinal diversity gradients (LSDGs), 185
Lebbeus scrippsi, 410
Lebbeus washingtonianus, 404
Leuconidae, 183
Leucosiidae, 558, 595
Liljeborgiidae, 184
Lithodes sp.

L. confundens, 543
L. couesi, 408, 410, 413
L. panamensis, 379, 381, 386–388, 392
L. santolla, 385
L. wiracocha, 379, 385, 386

Lithodidae, 407, 460, 593
L. confundens, 543
N. agassizii, 544
P. formosa, 544

Loop current, 238
Lophogastridans, 477
Lophorochinia parabranchia, 408
Lunar Reconnaissance Orbiter (LRO), 4
Lysianassoidea, 663
Lysmatidae, 459

M
Macrocheira kaempferi, 15
Macrofauna I and II expeditions, 359
Macrouridae, 413
Madeira Archipelago, 461
Magdalena (MAG), 359
Magdalena River, 361
Maiopsis panamensis, 619, 623, 625
Majidae, 444
Makuriwa-Invemar Marine Natural History 

Museum, 660
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Malacostraca, 15
Mann-Whitney U test, 277
Mariana Trench, 7, 17
Marine arthropods, 17
Marine Ecoregions of the World (MEOW), 7
Marine protected areas (MPA), 433–435
Mathidellidae, 558
Maximum likelihood (ML), 349
Mediterranean forms, 112
Mediterranean Sea, 258
Megacrustaceans, 312, 332
Megafauna, 446
Megaleledonid octopod, 106
Meiofauna dispersal and distribution, 

harpacticoids
alien species, 110
Americas, 108
Arctic form, 111
bottom currents, 109
Chilean Pacific continental slope, 108
Chilean Patagonian continental slope, 113
cosmopolitan, 110, 113
deep-sea sediments, 108
East Pacific Rise, 109, 110
Eastern Central Pacific, 110
Eastern United States, 111
genetic continuity, 109
Gulf of California, 108, 112
Gulf of Mexico, 112 (see also 

Harpacticoids diversity and 
distribution)

hydrothermal vents and methane 
seeps, 108

Mediterranean forms, 112
mitochondrial haplotype diversity loss, 114
morphological differences, 113
near-bottom flows, 109
nominotypical species, 110
North American Basin, 109
Northeastern Pacific harbors, 112
Northern European form, 111, 113
Pacific Nodule Province, 109
Red Sea, 112
seamounts, 109
Southeast Pacific, 113
Southern Indian Ocean, 112
Southern South America, 113
Straits of Magellan, 108

Meiofauna paradox, 108
Meningodora sp.

M. compsa, 518
M. longisulca, 519
M. mollis, 304, 519
M. vesca, 519, 520

Mesocletodes bathybia, 110
Mesocletodes bicornis, 110
Mesopenaeus tropicalis, 514
Mesozooplankton, 15
Metacrangon procax, 614, 617, 624
Metanephrops binghami, 425
Metrics, 4
Mexican shrimp fishery, 251
Micronekton net, 501
Microsetella norvegica, 110
Microsetella rosea, 110, 112
Mining, 650
Minyorhyncha crassa, 553
Mitochondrial DNA (mtDNA), 352
ML phylogenetic analyses, 349
Mollusks, 206, 660
Monterey Bay Aquarium Institute 

(MBARI), 396
Monterey Bay Aquarium Research Institute’s 

“Station M”, 4
Monterey Bay National Marine Sanctuary,  

194
Moon, 3
Multicrustacea, 15, 17
Multidimensional scaling (MDS), 196, 199
Munida sp., 351

M. caribaea, 546
M. constricta, 545
M. depressa, 625
M. flinti, 545
M. forceps, 545
M. iris, 369, 545, 546
M. microphthalma, 546
M. rugosa, 368
M. subcaeca, 460
M. valida, 546, 547
M. victoria, 547

Munida specimens, 351
Munididae, 460, 477, 593

A. longipes, 544
biological aspects and development, 358
biological characteristics, 358
bopyrid isopods, 358
Colombian Caribbean coast, 358
M. caribaea, 546
M. constricta, 545
M. flinti, 545
M. forceps, 545
M. iris, 545, 546
M. microphthalma, 546
M. valida, 546, 547
M. victoria, 547
parasitism, 358
phylogeny, 354
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Munidion sp.
M. cubense, 145
M. irritans, 146
M. longipedis, 146
M. parvum, 146
M. princeps, 146

Munidopsidae, 407–409, 460, 463, 592
G. rostrata, 547
M. erinacea, 547
M. nitida, 548
M. polita, 548
M. riveroi, 548
M. sigsbei, 548, 549
M. transtridens, 549

Munidopsis sp., 369, 396, 404, 405, 408, 409
M. antonii, 404
M. bairdii, 404
M. depressa, 618, 621
M. erinacea, 547
M. nitida, 548
M. polita, 548
M. riveroi, 548
M. scobina, 369
M. sigsbei, 548, 549
M. subsquamosa, 404, 407
M. transtridens, 549

Museum Support Center of the Smithsonian 
Institutions, 294

Myriochele, 213
Myropsis quinquespinosa, 556, 558
Mysids, 205

N
Nannastacidae, 183
National Autonomous University of Mexico 

(UNAM), 239
Nazca and Salas y Gómez Plates

Chilean EEZ, 597
deep-water crustaceans (see Chile’s 

deep-water crustaceans)
isopod records, 587
“the oceans ridge”, 586
species collection, 587
submerged ridges, 597

Near-bottom flows, 109
Necrophagous lysianassoids, 128
Nematocarcinidae, 274, 459, 461

N. gracilipes, 524
N. parvus, 525
N. rotundus, 525
N. tenuipes, 525, 526

Nematocarcinus agassizii, 410, 411
abundance, 277

Baja California Peninsula, 279, 285
bathymetric distribution, 282
density, 280, 282, 284
depth range, 279
Eastern Pacific, 274
GAM model, 283, 286
near-bottom temperature, 282
research study, 278
salinity, 288
shallower distribution, 286
size distribution analysis, 280, 281
Spearman rank correlations, 283
stenobathic distribution, 288

Nematocarcinus faxoni, 264, 411
abundance, 277, 288
association, 288
bathymetric changes, density, 280
decapod crustaceans, 286
densities, 282, 283
depth range, 279, 281
frequency of appearance, 279
GAM model, 283, 285
geographic and bathymetric 

distribution, 288
Mexican Pacific coasts, 276, 284
near-bottom temperature, 282
northeastern Mexican Pacific slope, 274
oplophorid shrimp, 288
research study, 278
samples, western Mexico coast, 278
scavenging behavior, 287
size distribution analysis, 280
size structure, 280, 287
Spearman rank correlations, 282
SW Atlantic Ocean, 284

Nematocarcinus sp., 404, 661
abundance, 274
caridean shrimps, 274, 287
data anlysis, 277–278
decapod crustaceans distribution, 275
deepwater species, 257
deepwater surveys, 258
density and environmental variables, 

259, 282–284
ecology, 258
environmental drivers, 287–288
GAM model, 278
geographic and bathymetric 

distributions, 284–287
geographic and depth distributions, 259
localities, 274
material, 259
methods, 259
N. africanus, 263, 266
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Nematocarcinus sp. (cont.)
N. agassizii, 259, 261, 263, 265
natural marine ecosystems, 258
N. ensifer, 670
N. exilis, 404, 459
N. gracilipes, 265, 266, 524
N. faxoni, 259, 261, 263, 265, 266
N. lanceopes, 265, 266
N. parvus, 525
N. rotundus, 525, 671
N. tenuipes, 525, 526
OMZ boundary, 275
patterns, 258
population structure, 278–282
reproduction, 257, 258
sampling

characteristics, 277
cruises, 276
performance speed, 276
sediments, 277
specimens, 276
west coast of Mexico, 275, 276

shallow-water species, 257, 258
size and sexual maturity, 287
Spearman rank correlations, 278
taxonomy, 259, 275
Tweedie distributions, 278
worldwide deep water distribution, 274

Neocrangon abyssorum, 412
Neolithodes agassizii, 412, 544
Neolithodes diomedeae, 411
Neopilumnoplax americana, 558
Neosergestes sp.

N. brevispinatus, 297
N. consobrinus, 297
N. orientalis, 297
N. tantillus, 298

Neotropical trophic nets, 369
Nephropidae, 317, 318, 321, 324, 407, 460, 462

A. caeca, 536, 537
N. aculeata, 536, 537
N. agassizii, 537
N. neglecta, 538
N. rosea, 537, 538

Nephropidae (Astacidea), 312, 313
Nephropid lobsters, 335, 336
Nephropids, 312
Nephrops norvegicus, 409
Nephropsis sp., 336

N. aculeata, 536, 537
N. agassizii, 537
N. neglecta, 538
N. occidentalis, 408, 409, 616, 620
N. rosea, 537, 538

Nippon Foundation-GEBCO Seabed 2030 
Project, 4

Nitokra lacustris lacustris, 114
Nominotypical species, 104
Nonmetric multidimensional scaling (nMDS), 

315, 323
Non-ovigerous female, 362, 365, 367
North American expeditions, 586
Northeastern Pacific harbors, 112
Northern Chilean continental waters, 586
Northern European form, 111
Notostomus elegans, 304, 518, 520
Notostomus gibbosus, 520
Novocriniidae, 106
Nymphon, 31
Nymphonidae, 40

O
Ocean Biogeographic Information System 

(OBIS), 4, 5
Ocean Drilling Program, 635
Oceanographic cruises (OC), 474, 476
Oceanprof I/II, 501
Octopodan cephalopods, 105
Oculophryxus bicaulis, 151
Odontozona lopheliae, 514
Ophidiidae, 413
Oplophoridae, 459, 477

J. spinicauda, 534
O. gracilirostris, 528, 534, 535
O. spinosus, 535
S. curvispina, 535
S. debilis, 535, 536
S. pellucida, 536

Oplophorus gracilirostris, 304, 528, 534,  
535

Oplophorus spinosus, 304, 535
Ordinary least squares regression (OLR), 315
Organic carbon (OC), 275
Overfishing, 650
Ovigerous females, 362
Oxygen minimum zone (OMZ), 43, 259, 275, 

395, 397, 408
anoxic conditions, 11
boundaries, 12
cores, 11
deep-water fauna, 12
latitudinal and longitudinal distribution, 13
oxygen depletion, 12
pelagic and benthic communities, 11
shallow habitat compression, 12
species migration, 13
worldwide distribution, 11, 12
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P
Pacific Nodule Province, 109
Paguridae, 460, 477

A. bartletti, 549
C. microps, 549
I. iris, 549, 550
P. occlusus, 550
P. discoidalis, 550

Paguristes spinipes, 543
Pagurus capillatus, 397
Palicidae, 559
Palicus acutifrons, 559
Palinuridae

P. truncatus, 539
P. parkeri, 539

Palinustus truncatus, 539
Pallenopsis, 31
Palomino (PAL), 359
Panama Canal, 8
Pandalidae, 477, 590

H. dorsalis, 526
H. ensifer, 526
H. inopinatus, 526
H. laevigatus, 527
H. oryx, 527
P. acanthonotus, 527
P. edwardsii, 527, 528
P. ensis, 528, 529
P. gigliolii, 529
P. holthuisi, 529
P. longipes, 529
P. macropoda, 530
P. martia, 530
P. miles, 530
P. revizeei, 530
S. richardi, 530, 531

Pandalidae shrimps, 459
Pandalus ampla, 404, 410
Pandalus amplus, 613
Pandalus dispar, 410
Pandalus platyceros, 397, 410, 414
Paracallisoma alberti, 677, 678
Paragigantione americana, 146
Paralomis sp.

P. diomedeae, 618, 621
P. formosa, 388, 544
P. granulosa, 385
P. longipes, 379, 383, 384, 387, 388, 

390–392, 414
P. tuberipes, 397

Paramunida pictura, 351
Parapaguridae, 460, 594, 597

S. gracilipes, 551
S. dimorphus, 550

Parapagurus sp., 405
P. foraminosus, 410
P. holthuisi, 409

Parapasiphae cristata, 532
Parapasiphae sulcatifrons, 532
Parapenaeus americanus, 508
Parapleurocryptella elasmonoti, 146
Parapontocaris caribbaea, 521
Parapontophilus gracilis, 521
Parapontophilus longirostris, 521
Parargeia ornata, 149
Parasergestes armatus, 510, 511
Parasergestes extensus, 298
Parasergestes vigilax, 298
Parasiphae sulcatifrons, 299
Parasitic Cholidya polypi, 95, 111
Parasitic tisbids, 106
Parathelges tumidipes, 149
Paropsurus giganteus, 647
Parthenopidae, 558, 559, 596
Pasiphaea sp.

P. acutifrons, 300
P. alcocki, 459, 532
P. americana, 300
P. antea, 533
P. barnardi, 300
P. chacei, 301
P. cristata, 301
P. dofleini, 301
P. emarginata, 610, 611
P. flagellata, 301
P. kaiwiensis, 301
P. magna, 301, 610
P. major, 533
P. merriami, 533
P. princeps, 533
P. rathbunae, 302
P. taiwanica, 533
P. tarda, 534, 610, 613

Pasiphaeidae, 459
E. gilesii, 531
E. ostrovski, 528, 531
P. cristata, 532
P. sulcatifrons, 532
P. alcocki, 532
P. antea, 533
P. major, 533
P. merriami, 533
P. princeps, 533
P. taiwanica, 533
P. tarda, 534

Pelagic shrimps
biogeographic studies, 306
biological material, 294
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Pelagic shrimps (cont.)
Chile, 294, 306
Decapoda, 294
geographical distribution range, 306
holopelagic decapods, 294
scarcity of sampling, 306
SEP (see SEP pelagic shrimps)
species distribution, 307
species habitats, 306
taxonomic status, 306

Pelagic species, 463
Penaeid CPUE pattern, 250
Penaeid deepwater shrimps

amphi-Atlantic distribution, 248
Aristaeidae family, 242, 243
Atlantic distribution, 248
bathymetric distribution, 242, 

244, 247–249
B. bartletti, 249
Benthesicymidae, 245
Benthesicymidae family, 242
biology and ecology, 252
biomass, 245, 246
Caribbean Sea, 242
CL, 246
cosmopolitan distribution, 247
CPUE, 245–247, 250
depth data records, 248
distribution range, 247
families, 242
geographical range, 248
Gulf of Mexico (see Penaeid, Gulf 

of Mexico)
H. debilis specimens, 248
patchy distribution, 250
pelagic-benthopelagic shrimp, 248
Penaeidae family, 244
S. vioscai, 249
size range, 246
solenocerid, 248, 249
Solenoceridae family, 242, 243, 245
species, 242
specimens, 242
total catch, 242, 246

Penaeidae, 452
F. danae, 508
F. villosa, 508
P. americanus, 508
P. serrata, 509

Penaeoidea, 451
Penaeid, Gulf of Mexico

abundance, 243
biomass and CPUE, 245, 246
catching, 240

distribution and depth range, 247–249, 251
EM 300 echosounder, 240
epibenthic megafauna biodiversity, 240
eventual utilization, 252
fishery resource, 249–252
Mexican Caribbean Sea, 240
OC cruises, 240
project, 240
research cruises, 241
sampling locations, 241
sampling strategy, 241
sampling trawl net, 240
soft bottoms, 240, 241
species composition, 242–245
stocks, 252
surveys, 240
trawlable bottoms, 241

Penaeopsis americanus (rose shrimp), 250
Penaeopsis serrata (speckled shrimp), 

250, 509
Penaeus brasiliensis, 424
Penaeus notialis, 424
Penaeus subtilis, 424
Pentacheles laevis, 539, 540
Pentacheles validus, 540
Pentacletopsyllus montagni, 112
Peracarida, 15
Peru Trench, 93, 97, 108, 113
Petalidium foliaceum, 298
Phimochirus occlusus, 550
Phorcosergia burukovskii, 511
Phorcosergia maxima, 298
Phorcosergia phorca, 298
Photis typhlops, 219
Phoxichilididae, 40
Phylogenetic analysis, 346
Phylogenetic reconstructions, 346
Phylogram, 350
Phylum Arthropoda, 14
Physetocarididae, 590
Pielou (J’) equity index, 447, 463
Pink speckled shrimp (Penaeopsis 

serrata), 428
Pinnotheridae, 444
Plagusiidae, 559
Planetary analog research, 3
Planktotrophic development, 368
Planktotrophic reproductive mechanism, 368
Plasticity-first evolution (PFE), 115
Platymera gaudichaudii, 622, 623
Pleocyemata, 501

Achelata, 538, 539
Anomura, 541–551
Astacidea (see Astacidea)
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Axiidea (see Axiidea)
Brachyura (see Brachyura)
Caridea, 514
Polychelida, 539–541
Stenopodidea, 514

Pleoticus robustus (royal red shrimp), 
250, 425

Plesionika, 265, 266
P. acanthonotus, 527
P. edwardsii, 527, 528
P. ensis, 528, 529
P. gigliolii, 529
P. holthuisi, 529
P. longipes, 529
P. macropoda, 530
P. martia, 305, 530
P. miles, 530
P. revizeei, 530
P. sanctaecatalinae, 305
P. trispinus, 305

Plesiopenaeus coruscans, 505
Pleurocryptella wolffi, 147
Pleurocyptella fimbriata, 147
Pleuroncodes planipes, 411, 617, 618, 

621, 624
Polychaete species, 206
Polychaete worms, 205
Polycheles, 333

P. typhlops, 537, 540, 541
Polychelid lobsters, 333, 334
Polychelida, 451
Polychelidae, 312, 313, 317, 319, 321, 324, 

407, 409, 460, 461, 539–541, 592
P. laevis, 539, 540
P. validus, 540
P. typhlops, 537, 540, 541
S. nana, 541
S. sculpta, 541

Polychelids, 312, 323
Polymerase chain reaction (PCR), 345
Pontobopyrus abyssorum, 147
Portunidae, 559, 560
Post-cervical spines, 353
Postzygotic reproductive isolation, 114
Prehensilosergia prehensilis, 511
Primitive crustacean, 15
Prionocrangon brasiliensis, 522
Pristine deep seas, 651
Probeebei mirabilis, 408, 409, 411
Probeebi mirabilis, 414
Projasus parkeri, 539
Prophryxus alascensis, 151
Psalidopus barbouri, 534
Pseudingolfiellidea, 128

Pseudione sp., 148
P. ampla, 147
P. confusa maxillipedis, 147
P. galacanthae, 147

Pseudioninae, 148
PycnoBase, 26
Pycnogonida, 15, 39
Pycnogonids, 2, 17

arthropods, 25
bathymetric range, 32–33
bathypelagic marine species, 26
cryptic species, 26
deep-sea, 26, 28–30
epibenthic, 26
hydrothermal vents, 26
littoral and interstitial species, 25
materials, 27
methods, 27
southwest Atlantic, 26
whale falls, 26

Pylochelidae, 460
Pylopagurus discoidalis, 550

R
Rarity, 461, 466
Raup-Crick method, 446
Recorded marine biodiversity, 5, 6
Red Sea, 112
Reduced major axis regression (RMA), 316
Remotely operated vehicle (ROV), 396, 500
Reproductive biology, 647
Resource potential (RP), 430
REVIZEE Central project, 500
Rhizocephala-infested smaller-sized 

specimens (juveniles), 360, 
369, 392

Rio Grande Rise area, 500
Robustosergia regalis, 511, 512
Rodrigues Garcia Almeida, T., 499
Rotundiclipeidae, 106
Royal red deep shrimp (Pleoticus 

robustus), 428
Royal Society of Chile Expedition, 586
RV “Agassiz”, 635
RV “Challenger”, 603
RV “John Elliott Pillsbury”, 635
RV “Miguel Oliver”, 604, 624, 625, 635
RV “Vema” expedition, 635

S
Sabinea hystrix, 522
Sand Diego Trough, 105
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