Global extinction risk for seahorses, pipefishes and
their near relatives (Syngnathiformes)
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Abstract Few marine taxa have been comprehensively as-
sessed for their conservation status, despite heavy pressures
from fishing, habitat degradation and climate change. Here
we report on the first global assessment of extinction risk
for 300 species of syngnathiform fishes known as of 2017,
using the IUCN Red List criteria. This order of bony teleosts
is dominated by seahorses, pipefishes and seadragons (fam-
ily Syngnathidae). It also includes trumpetfishes (Aulosto-
midae), shrimpfishes (Centriscidae), cornetfishes (Fistulari-
idae) and ghost pipefishes (Solenostomidae). At least 6% are
threatened, but data suggest a mid-point estimate of 7.9%
and an upper bound of 38%. Most of the threatened species
are seahorses (Hippocampus spp.: 14/42 species, with an
additional 17 that are Data Deficient) or freshwater pipe-
fishes of the genus Microphis (2/18 species, with seven add-
itional that are Data Deficient). Two species are Near
Threatened. Nearly one-third of syngnathiformes (97 spe-
cies) are Data Deficient and could potentially be threatened,
requiring further field research and evaluation. Most species
(61%) were, however, evaluated as Least Concern. Primary
threats to syngnathids are (1) overexploitation, primarily by
non-selective fisheries, for which most assessments were
determined by criterion A (Hippocampus) and/or (2) habitat
loss and degradation, for which assessments were determined
by criterion B (Microphis and some Hippocampus). Threatened
species occurred in most regions but more are found in East
and South-east Asia and in South African estuaries. Vital con-
servation action for syngnathids, including constraining fish-
eries, particularly non-selective extraction, and habitat protec-
tion and rehabilitation, will benefit many other aquatic species.
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Introduction

S ome of the greatest conservation concern for marine life
arises among species whose habitat most overlaps with
that of humans: the neritic species that inhabit shallow
coastal zones facing multiple simultaneous pressures (Lotze
et al., 2006; Crain et al.,, 2008, 2009). Anthropogenic impacts
on the oceans are often most concentrated here, including
exploitation through industrial and artisanal fishing, climate
change, coastal development, land-based effluents and pol-
lution, shipping and recreational traffic, habitat destruction
from fishing and aquaculture practices, sea-filling and
dredging, coastal eutrophication, invasive species and sedi-
mentation. Such pressures have direct impacts on habitats
such as estuaries (Waltham & Connolly, 2011), mangroves
(Polidoro et al., 2010), coral reefs (Carpenter et al., 2008),
kelp forests (Krumhansl et al., 2016), sponges (Harasti et al.,
2014), and seagrasses (Waycott et al, 2009; Short et al.,
2011). Unsustainable fishing combined with habitat degra-
dation and loss have a significant and often synergistic impact
on fishes, and can lead to local extinctions and increased
global risk (Dulvy et al., 2003; Hutchings & Reynolds, 2004;
Reynolds et al., 2005; Crain et al., 2008; Webb & Mindel, 2015).

The TUCN Red List of Threatened Species is the most
widely used method for assessing the extinction risk of spe-
cies. It has been published since 1964, with regular updates,
and is used globally by governments, businesses, manage-
ment agencies, international environmental agreements,
and NGOs to inform conservation action. Its quantitative
methods, which include explicit analyses of a species’ intrin-
sic biological features and the pressures bearing on them,
have been used to assess > 120,000 species (IUCN, 2020).

For each taxon, the first IUCN species assessments serve
as baselines against which future reassessments will be com-
pared. Such comparisons are used to produce the Red List
Index, which measures aggregate genuine changes in the
Red List category of species within a taxonomic group
(Butchart et al., 2005, 2007, 2010; Stuart et al., 2010). The
Red List Index is used to highlight concerns about species
that are declining in status and, conversely, highlight suc-
cesses where conservation action has improved the status
of species (Hoffmann et al.,, 2010, 2015).
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Taxonomic comprehensiveness of the IUCN Red List
and improvements in the Red List Index contribute directly
to progress on several of the Aichi Biodiversity Targets
(CBD, 2010) and UN Sustainable Development Goals (Aichi
Targets 6 and 12 on sustainable fisheries and improving spe-
cies conservation status, and UN Sustainable Development
Goal 14 on conserving the oceans, respectively), and are essen-
tial for effective species conservation planning and action.

Some of the first marine fishes assessed on the IUCN Red
List, in 1996, were the iconic seahorses (Hippocampus spp.).
Apart from their intrinsic worth, flagship species such as
seahorses have been shown to draw attention and finance
towards conservation initiatives (Bowen-Jones & Entwistle,
2002; Walpole & Leader-Williams, 2002; Rodrigues & Brooks,
2007; Shokri et al., 2009; Caro, 2010; Bennett et al., 2015;
Carrizo et al., 2017; Stiller et al., 2017).

Seahorses and their relatives are charismatic fishes that
have garnered attention and reverence in human cultures
for many centuries (Scales, 2009; Lourie, 2016), and thus
have the potential to help drive contemporary conservation
efforts for coastal ecosystems (Shokri et al., 2009; Vincent
et al,, 2011; Stiller et al., 2017). Seahorses and many pipefishes
are much sought after for traditional medicine, aquarium
display and curios. A better understanding of the conserva-
tion status of these flagship animals will allow the mobiliza-
tion of conservation action for a diversity of coastal ecosys-
tems. The Syngnathiformes, as a group, have a circumglobal
range that spans coasts everywhere except for polar regions.
They live in an array of habitats, including estuaries, man-
groves, seagrasses, coral and rocky reefs, kelp forests, sand
or mud substrates, streams, lakes and rivers (Dawson, 1985;
Foster & Vincent, 2004; Kuiter, 2009; Lourie, 2016; De
Brauwer et al., 2017). Effective conservation of syngnathi-
form fishes entails a range of conservation actions in coastal
areas, many of which are under substantial human pressure
(Halpern et al., 2015; McClanahan et al., 2015).

Here we synthesize assessments of the global extinction risk
of the Syngnathiformes, drawing on individual species assess-
ments based on the IUCN Red List Categories and Criteria
(IUCN, 2020). This is the first time the order has been treated
comprehensively, with only 18% of known species having been
evaluated prior to 2017. These assessments will be of value in
guiding conservation efforts and provide a baseline for a future
Red List Index analysis of Syngnathiformes.

Methods

Taxa included in this study

The order Syngnathiformes (Class Actinopterygii) comprises
five (formerly six) families of uniquely specialized fishes:
Aulostomidae (trumpetfishes), Centriscidae (shrimpfishes),
Fistulariidae (cornetfishes or flutemouths), Solenostomidae

(ghost pipefishes), and Syngnathidae (seahorses, pipefishes
and seadragons; Plate 1) (Longo et al., 2017). Our phyloge-
netic and taxonomic paradigm for the order largely follows
that of Nelson et al. (2016). We do not include in this assess-
ment the Dactylopteridae (flying gurnards), Callionymidae
(dragonets), Mullidae (goatfishes) or Pegasidae (seamoths)
as evidence for their inclusion within the Syngathiformes is
mixed (Kawahara et al., 2008; Wilson & Orr, 2011; Betancur-
R. et al., 2013; Near et al,, 2013; Song et al., 2014; Sanciangco
et al., 2016). Longo et al. (2017) consider these groups to
belong to a benthic-associated sister clade that is closely
related to, but not a part of, the order Syngnathiformes. In
addition, we do not include the Gasterosteiformes (stickle-
backs), a distinct order that formerly included families now
within the Syngnathiformes (Sanciangco et al., 2016; Longo
et al,, 2017).

We arrived at a final list of syngnathiform fishes that in-
cluded 300 extant species at the time of project completion
(early 2017; Supplementary Table 1). Of these, 258 are largely
restricted to marine waters and 42 inhabit brackish and/
or freshwater. Considerable taxonomic uncertainty remains
within the order. We used morphological and/or molecular
evidence to define valid species, and rejected putative spe-
cies differentiated only by variations in colour pattern.
During this research several new syngnathid species have
been described and their Red List assessments are forth-
coming (e.g. Short et al., 2020). Comprehensive treatments
of taxonomy are available for the Aulostomidae (Bowen et al.,
2001) and the Syngnathidae at the generic level (Hamilton
et al., 2017). The most recent reviews of the majority of
pipefish genera (Syngnathidae) were undertaken by Dawson
(Poss & Heal, 1994), and we used his subsequent book on
the Indo-Pacific pipefishes to inform taxonomic decisions
for the pipefishes in that region (Dawson, 1985). The genus
Hippocampus (seahorses) was recently revised at the species
level (Lourie et al., 2016).

The IUCN Red List assessment process

Assessments for all species were carried out by the globally
designated expert group for this taxon, the IUCN Species
Survival Commission Seahorse, Pipefish and Seadragon
Specialist Group. Project Seahorse, which acts as the core
of this Specialist Group, carried out the assessments, with
undergraduate volunteers assisting with data collection.
We consulted experts, including fisheries and conservation
biologists, government fisheries managers and members
of the Specialist Group during the assessment process, and
many are either assessors or reviewers of the species
assessments. Information for the assessments was obtained
from peer-reviewed and grey literature, online databases
(Froese & Pauly, 2019; Fricke et al., 2020; GBIF, 2020;
Biodiversity Heritage Library, 2021; Encyclopedia of Life,
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2021), and from a diversity of experts, including fisheries
managers, seahorse traders, biologists, citizen scientists
and divers.

The evidence used to inform each assessment includes
data on the species’ taxonomy, geographical range, popula-
tion size and trends in abundance, habitats and ecology (es-
pecially life history characteristics), anthropogenic threats,
conservation actions (those that have been taken as well as
those that are needed) and research needs. The latter two
items are particularly important for follow-up conservation
and research initiatives for threatened and Data Deficient
species, respectively.

The TUCN Red List requires species to be assessed as
Least Concern (species that are widespread and abundant),
Data Deficient (insufficient data available to properly assess
extinction risk), Near Threatened (close to qualifying for a
threatened category), or threatened. Threatened species fall
into one of three categories: Vulnerable (facing a high risk of
extinction in the wild), Endangered (facing a very high risk
of extinction in the wild), or Critically Endangered (facing
an extremely high risk of extinction in the wild). Species can
also be assessed as Extinct in the Wild or Extinct (IUCN,
2012). Species assessed as Data Deficient may or may not

Extinction risk for Syngnathiformes

Prate 1 Representatives of all
five extant syngnathiform
families. (a) Aulostomidae:
Pacific trumpetfish Aulostomus
chinensis, northern Nusa
Penida, Bali, Indonesia
(bja28oodk/iNaturalist).

(b) Centriscidae: speckled
shrimpfish Aeoliscus
punctulatus, Toliara, southwest
Madagascar (Carmelo Lopez
Abad/iNaturalist).

() Fistulariidae: bluespotted
cornetfish Fistularia
commersonii, northern

Gulf of Aqaba (Rachel
Andres-Beck/iNaturalist).

(d) Solenostomidae: robust
ghost pipefishes Solenostomus
cyanopterus, Komodo, East
Nusa Tenggara, Indonesia
(Richard Smith/
OceanRealmImages.com).

(e) Syngnathidae: broadnosed
pipefish Syngnathus typhle,
Faro, Portugal (Carmen B.

de los Santos/iNaturalist).

(f) Syngnathidae. Bargibant’s
pygmy seahorse Hippocampus
bargibanti, Wakatobi,
Southeast Sulawesi, Indonesia
(Richard Smith/
OceanRealmImages.com).

be of conservation concern, and further research and/or
analyses are required to make a valid assessment of extinc-
tion risk. Species are assessed as Data Deficient if there are
plausible threats but insufficient data to categorize the spe-
cies reliably as threatened or Near Threatened. Species with
no known threats can be assessed as Least Concern regard-
less of a lack of population data.

Species are assessed for inclusion in one of the IUCN Red
List categories using a series of quantitative thresholds that
are embedded within five Red List criteria (IUCN, 2012).
These include (1) estimates of population size reduction (cri-
terion A); (2) geographical range size (in the form of either
extent of occurrence, EOO, or area of occupancy, AOO) and
fragmentation or few locations, continuing decline and/or
extreme fluctuation (criterion B); (3) small population size
and continuing decline (criterion C); and (4) very small or
restricted population (criterion D). Assessors can also use
(5) quantitative analysis (criterion E) to project future risk
of extinction (such as with a population viability analysis;
Boyce, 1992; Frankham et al., 2014), but as data were not suf-
ficient to undertake this task for syngnathiformes, we did
not use criterion E. IUCN regularly updates its Guidelines
for Using the IUCN Red List Categories and Criteria as new
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scenarios of extinction and risk are encountered (Mace et al.,
2008; IUCN Standards and Petitions Subcommittee, 2017).

In our assessments we created species distribution maps
by drawing a polygon around known occurrences and
trimming this layer to a base data layer that extends to the
200 m depth contour or a 100 km buffer from the coastline,
to encompass all of the coastal areas potentially inhabit-
ed by syngnathiform fishes (e.g. Sanciangco et al., 2013;
Comeros-Raynal et al.,, 2016). These maps are intended
only for visualization on the IUCN Red List and re-
present the area along the coastline where a species occurs,
rather than depicting the actual areas and depths inhabited
by the species; this approach may exaggerate the extent of
species’ distribution in some areas and was not used for
calculations of EOO to determine extinction risk under
criterion B.

Once completed, assessments were then further reviewed
by the TUCN Marine Biodiversity Unit, which conducts the
Global Marine Species Assessment, and returned to us for
revision. Finally, assessments went through a consistency
check with the IUCN Red List Unit, before being published.
All of these assessments took place during 2013-2017 and are
available along with associated spatial data (IUCN, 2020).

Results

This study provides a first comprehensive synthesis of
extinction risk for 300 species of syngnathiform fishes.
Globally, 18 of these species are threatened with extinction
but many more may also be at risk. A single species, Syng-
nathus watermeyeri, is assessed as Critically Endangered
(0.3%), three as Endangered (1%), and 14 as Vulnerable
(5%; Tables 1 & 2), and the most threatened species occur
in the Indo West Pacific (Table 3). However, 97 species
(32%) were assessed as Data Deficient, indicating the total
number of Syngnathiformes that are threatened will almost
certainly be higher than the currently known 6%. If all Data
Deficient species are threatened, this would be 38% of syng-
nathiform species. If Data Deficient species are as threat-
ened, proportionately, as species currently known to be
threatened, then a mid-point of c. 7.9% of Syngnathiformes
would be threatened. In addition, two species were assessed
as Near Threatened. The remaining 183 species (61%) were
assessed as Least Concern; for these species, there were
either no known threats affecting the species, or reductions
in population size that were not severe enough to meet thresh-
olds under criterion A despite the presence of known threats.
Overall, the primary threats to syngnathiform fishes are inci-
dental capture in industrial trawl fisheries (marine species)
and habitat loss and degradation through natural system
modifications and pollution (freshwater species) (Fig. 1). Pol-
lution is only a minor, secondary threat for the marine spe-
cies assessed here.

The threatened and Data Deficient species were con-
centrated in two groups: the marine/estuarine seahorses
(Hippocampus spp.) and the predominantly fresh/brackish-
water pipefishes of the genus Microphis (Table 1). Fourteen
of the 42 seahorse species (one-third) were assessed as threat-
ened, and a maximum of 31 species could be threatened
(two Endangered, 12 Vulnerable and 17 Data Deficient).
Among the pipefishes, two of the 18 Microphis species
were considered to be threatened, with a potential of nine
species at risk (one Endangered, one Vulnerable and
seven Data Deficient). All but one of the threatened and
Near Threatened marine seahorses (14/15) are assessed as
such under criterion A (population size reduction), with
only one species considered threatened under criterion B
(geographical range size). Three of five of the threatened
or Near Threatened freshwater pipefishes were assessed as
such under criterion B, and one of these species qualified
under both criteria A and C (Table 1). Other genera for
which data are not yet available but that may include
threatened species are the Aeoliscus centriscids (2/2 species
Data Deficient) and the pipefishes in Doryichthys (5/5),
Minyichthys (3/4), Siokunichthys (6/6) and Solegnathus
(4/5), and the speciose Syngnathus (15/32).

Discussion

This first comprehensive assessment of extinction risk in
syngnathiform fishes shows that 39% of species are likely
to require attention in the form of management and conser-
vation intervention (for threatened and Near Threatened
species) and/or further research (for Data Deficient species),
and 61% are categorized as Least Concern. The most threat-
ened species fall into two groups: (1) marine species under
high pressure from fishing, and (2) species in fresh- and
transitional waters facing habitat degradation. This pattern
is common for aquatic species, with fishing being the biggest
threat to generalist, wide-ranging marine taxa, and habitat
degradation threatening specialist, endemic freshwater spe-
cies (Arthington et al., 2016).

For syngnathids, the first group of concern comprises a
suite of marine species (most notably the seahorses) that are
extracted primarily as bycatch in indiscriminate fisheries
(although sometimes also targeted specifically), at levels
that drive declines in the number of mature individuals
(Perante et al., 2002; Baum & Vincent, 2005; Meeuwig et al,,
2006; O’Donnell et al., 2010; Perry et al., 2010; Vincent et al,
2011). These declines are exacerbated by habitat loss through
coastal development, destructive fishing practices and the
impacts of climate change (Hughes et al., 2009; Vincent
et al, 2011; Harasti, 2016). Habitat degradation and loss
tend to worsen the effects of fishing pressure (e.g. Harasti,
2016). As is indicated by the predominance of the threatened
species in this group being assessed as such under criterion
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TasLE 1 Syngnathids assessed as threatened or near threatened, the regions they inhabit, and their Red List category and the criteria (TUCN,
2012) used for assessment.

Species Region(s)" Red List category” Criteria
Syngnathus watermeyeri WIO/Africa FW (S. Africa) CR C2a(i)b
Hippocampus capensis WIO/Africa (S. Africa) EN Blab(iii,v) + 2ab(iii,v)
Hippocampus whitei SWP EN A2bc

Microphis pleurostictus Asia FW (Philippines) EN B2ab(iii)
Cosmocampus balli ECP vu Blabiii) + 2ab(iii)
Hippocampus algiricus ECA \%40) A2cd + 4cd
Hippocampus barbouri WCP VU A2cd
Hippocampus comes WCP, EIO VU A2bd + 4bd
Hippocampus erectus NWA, WCA VU A2cd
Hippocampus histrix WIO, EIO, NWP, WCP, ECP VU A2cd + 4cd
Hippocampus ingens ECP VU A2cd
Hippocampus kelloggi WIO, EIO, NWP, WCP, ECP vuU A2cd
Hippocampus kuda EIO, NWP, WCP, SWP, ECP vU A2cd + 3cd + 4cd
Hippocampus mohnikei EIO, NWP, WCP VU A2cd + 4cd
Hippocampus patagonicus SWA VU A2cd
Hippocampus spinosissimus EIO, NWP, WCP VU A2d
Hippocampus trimaculatus EIO, NWP, WCP VU A2bcd + 4bcd
Microphis insularis Asia FW (Andaman Islands) VU Blab(iii)
Hippocampus reidi NWA, WCA, SWA NT A2d+4d
Microphis deocata Asia FW (India) NT A2cd

'ECA, Eastern Central Atlantic; ECP, Eastern Central Pacific; EIO, Eastern Indian Ocean; NWA, Northwest Atlantic; NWP, Northwest Pacific; SWA,
Southwest Atlantic; SWP, Southwest Pacific; WCA, Western Central Atlantic; WCP, Western Central Pacific. FW, species that predominantly inhabit

freshwater.

*CR, Critically Endangered; EN, Endangered; VU, Vulnerable; NT, Near Threatened.

A, marine seahorses suffer population declines from fishing
pressure and habitat degradation, despite their sizeable
ranges (with patchy populations).

The second group of concern comprises many fresh- and
brackish-water species that are threatened or Data Deficient.
Many of these species are restricted to a few rivers, water-
sheds or estuaries (Reynolds et al., 2005; Kopf et al., 2017)
and such systems are often among the most degraded and
threatened from anthropogenic pressures (Dudgeon et al.,
2006; Carpenter et al.,, 2011). The often close proximity of
people to rivers and lakes results in eutrophication, indus-
trial and domestic pollution, damming and flow alteration,
riparian housing and commercial developments, dredging
and canalization (Carvajal-Quintero et al., 2017). Syngnathi-
form fishes that are restricted to rivers and lakes tend to have
smaller range sizes than their marine counterparts, and are
thus exposed to multiple, often acute stressors. It is, there-
fore, perhaps not surprising that three of the five species
of conservation concern in this group were recognized as
threatened under criterion B. Only one freshwater pipefish
is of concern as a result of population reduction (criterion
A). The only seahorse assessed as threatened under criterion
B is the Knysna seahorse Hippocampus capensis, which is
associated with estuaries and restricted to a small area of
South Africa. The most threatened syngnathiform fish is the
freshwater pipefish Syngnathus watermeyeri, which occurs
in the same region and faces similar threats; it is assessed
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as Critically Endangered under criterion C because of its
small population size, a decline in the number of mature
individuals, and extreme fluctuations.

Although threatened species occur in most regions, we
note the higher numbers of threatened syngnathiform fishes
in East and South-east Asia, a region with a high number of
species that experiences intense fishing pressure and high
demand for local and international trade (Table 3). The pro-
portion of threatened species is also high in the South-east
Atlantic. Despite this region’s lack of diversity in syngnathi-
form fishes, a few species are threatened by restricted range
size and estuarine degradation in South Africa.

Action is needed to determine the conservation status of
the one-third of Syngnathiformes species that are currently
assessed as Data Deficient. Although there are only limited
data for all of the species assessed here, those species as-
sessed as Data Deficient are of special concern. We generally
assessed species as Least Concern when we could not iden-
tify major threats to the species, even when the available
data were poor. We labelled species as Data Deficient
when they were little studied and (1) subject to threats that
may be causing declines (potential to be assessed as threat-
ened under criterion A upon further investigation), or (2)
their range could be small enough for the species to qualify
as threatened under a restricted-range criterion (criteria B
and D2) but they are under-surveyed, rare, and/or hard to
detect. We can infer that some Data Deficient species are

doi:10.1017/50030605320000782
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TasLE 2 Examples of syngnathiform fishes assessed in each of the IUCN Red List categories, with rationale.

Species

Red List

category’  Rationale

Estuarine pipefish
S. watermeyeri

White’s seahorse
Hippocampus
whitei

Hedgehog seahorse
Hippocampus
spinosissimus

Smalljaw pipefish
Micrognathus
erugatus

Deocata pipefish
Microphis
deocata

Bluestripe pipefish
Doryrhamphus
excisus

CR

EN

VU

DD

NT

LC

Endemic to three estuaries in South Africa & dependent on regular freshwater influxes. Threatened by
habitat degradation & loss from riparian development & water diversion & mismanagement. Had not
been found in recent surveys* & there may be < 250 mature individuals remaining. The population
undergoes large fluctuations & it is suspected there are < 50 individuals in each subpopulation. Urgent
habitat protection & water management measures ensuring that minimum environmental flow rates
are similar to natural flow regime are needed to secure this species.

A coastal species endemic to eastern Australia; inhabits seagrasses, macroalgae & corals in waters that
are heavily impacted by habitat degradation & loss from coastal development, pollution, sedimentation
& destructive anchoring of recreational vessels. In some areas where the species was formerly common
it has declined by > 90%; in other areas with a smaller proportion of the population it has declined less
or is stable, particularly in marine reserves. Overall decline suspected to be 50-70% over the previous
three generations (< 10 years).

A coastal seahorse that inhabits soft-bottom reef systems from India & Sri Lanka to Papua New Guinea,
caught as bycatch in multiple artisanal & industrial gear types. Declines in the late 1990s & early 2000s,
combined with high levels of ongoing exploitation & trade & increasing fishing in the region led to
substantial conservation concern. Overall decline suspected to be 30-50% over the previous 10 years.
A coastal Western Atlantic species known only from its type locality (a rock tide pool) in Bahia, Brazil.
Little is known about the species’ biology. Threats are unknown, & research is needed to determine
population status & trends in abundance.

A freshwater species endemic to the Ganges & Brahmaputra River Basins in South Asia, which are
heavily impacted by anthropogenic flow alterations, damming & wetland conversion. Sedimentation,
pollution & overfishing also threaten lacustrine ecosystems in the region, & there are anecdotal reports
of declines in the Brahmaputra Basin. Although little is known about population size or trends, it can be
inferred from ongoing threats & reported declines that the species has undergone a decline of 20-30%.
The most widespread syngnathiform fish, inhabiting coastal waters from East Africa throughout the
Indian & Pacific Oceans to Western North & South America. A habitat generalist, inhabiting both coral
& rocky reefs. May be affected by localized coral habitat degradation, but is widespread & able to utilize
other habitat types. Although little is known about population size or trends, it can be inferred that it is
not likely to be at risk of extinction.

'CR, Critically Endangered; EN, Endangered; VU, Vulnerable; DD, Data Deficient; NT, Near Threatened; LC, Least Concern.
“Surveys after we concluded our assessment have located the species (L. Claassens, unpubl. data, 2020).

likely to be threatened. For example, the threats to the fresh-
water Doryichthys species assessed as Data Deficient are
similar to those affecting the freshwater Microphis species
that we know to be threatened (riparian habitat degradation,
pollution and flow diversion), and their life history is com-
parable. Other Data Deficient species are assessed as such
because little was known about the level of mortality that
fisheries cause across their range. Research is urgently needed
to properly evaluate the conservation status of the Data
Deficient species; work could also be done to predict the
status of Data Deficient species in the absence of additional
data (Bland et al,, 2017; Kindsvater et al., 2018; Zhang &
Vincent, 2019).

The Syngnathiformes fall towards the middle of the ex-
tinction risk spectrum compared to other orders of fishes
(Supplementary Fig. 1). It is likely their life history traits
(i.e. low fecundity, extreme parental care and high site fidelity)
make them more susceptible to threats than broadcast spaw-
ners such as the sardines and herrings (Clupeiformes) or the
cods (Gadiformes). On the other hand, some of the larger,
less fecund species such as the sawfishes (Pristidae), angel

sharks (Squatiniformes), and sturgeons (Acipenseriformes)
have life histories that make them more susceptible to threats,
in particular targeted fisheries and bycatch.

Our assessment suggests that only 60% of species are
secure (i.e. Least Concern). The vast capture of seahorses,
which supplies trade for traditional medicines, aquarium
display and souvenirs, is a cause for concern. Our assess-
ments provide a baseline against which to compare future
assessments, which will eventually facilitate the determi-
nation of an IUCN Red List Index for this group. Because
of the high number of species assessed as Data Deficient
and the absence of genuine shifts in status for species that
had previously been assessed, the calculation of the Index
is not currently feasible.

Two classes of remedial action are needed for syng-
nathids: limiting fishing pressure and protecting habitat,
with monitoring and evaluation. The IUCN Red List flags
species that require attention and helps in setting priorities.
Although it has no automatic implications for management
and policy, the Red List provides information for managers
and policy-makers. In this context, periodic reassessment of
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2.4.3 Agriculture & aquaculture: Marine & freshwater aquaculture: Scale unknown/unrecorded l.

5.3.5 Biological resource use: Logging & wood harvesting: Motivation unknown/unrecorded

5.4.1 Biological resource use: Fishing & harvesting aguatic resources: Intentional mortality (human use - subsistence/small scale)

5.4.2 Biological resource use: Fishing & harvesting aquatic resources: Intentional mortality (human use - large scale)

5.4.3 Biological resource use: Fishing & harvesting aquatic resources: Incidental or accidental mortality (bycatch - subsistence/small scale)
5.4.4 Biological resource use: Fishing & harvesting aguatic resources: Incidental or accidental mortality (bycatch - large scale)

5.4.6 Biological resource use: Fishing & harvesting aquatic resources: Motivation unknown/unrecorded

7.2.1 Natural system modificati

7.2.2 Natural system modifications: Dams & water management/use: Abstraction of surface water (commercial use)
7.2.11 Natural system modifications: Dams & water management/use: Dams (size unknown)

8.1.1 Invasive & other problematic species & genes: Invasive/non-native/alien species: Unspecified species

9.1.1 Pollution: Domestic & urban waster water: Sewage

9.1.2 Pollution: Domestic & urban waster water: Run-off

Dams & water management/use: Abstraction of surface water (domestic use)

9.2.1 Pollution: Industrial & military effluents: Qil spills

9.2.2 Pollution: Industrial & military effluents: Seepage from mining

9.3.1 Pollution: Agricultural & forestry effluents: Nutrient loads

9.3.2 Pollution: Agricultural & forestry effluents: Soil erosion, sedimentation

Extinction risk for Syngnathiformes

T
0 5 10 15
Number of Species

Fic. 1 Threats affecting threatened syngnathiform fishes, with the number of species affected. Numbers correspond to the hierarchical
TUCN, Threats Classification Scheme (IUCN, 2012). Most species are affected by multiple threats. Marine species are primarily affected
by exploitation; fresh- and brackish-water species by habitat loss and degradation.

TasLE 3 Number of syngnathiform species in each IUCN Red List
category for all UN Food and Agriculture Organization (FAO) fish-
ing areas and for Hippocampus, Microphis and freshwater species.

Red List category
FAO area/subgroup CR EN VU DD NT LC Total
Northwest Atlantic 0 0 1 0 0 10 11
Western Central 0 0 1 6 1 23 31
Atlantic
Southwest Atlantic 0 0 2 3 1 17 23
Northeast Atlantic 0 0 0 2 0 9 11
Mediterranean Sea 0 0 0 8§ 0 8 16
Eastern Central 0 0 1 5 0 9 15
Atlantic
Southeast Atlantic 1 1 1 1 0 9 13
Western Indian 1 0 5 22 0 59 87
Ocean
Eastern Indian Ocean 0 0 8§ 29 0 99 136

Northwest Pacific 0 0 6 13 0 46 65
Western Central 0 1 8 38 0 82 129
Pacific
Southwest Pacific 0 1 1 8 0 35 45
Northeast Pacific 0 0 0 0 0 4 4
Eastern Central 0 0 4 5 0 41 50
Pacific
Southeast Pacific 0 0 1 3 0 11 15
Hippocampus spp. 0o 2 12 17 1 10 42
Microphis spp. 0 1 1 7 1 8 18
Freshwater spp. 1 1 1 15 1 23 42
Global 1 3 14 97 2 183 300
(all Syngnathiformes)

'CR, Critically Endangered; EN, Endangered; VU, Vulnerable; DD, Data
Deficient; NT, Near Threatened; LC, Least Concern.

species will facilitate development of a Red List Index for
the taxon, and for assessments under the new IJUCN Green
Status of Species, the criteria of which are used to measure
conservation legacy and recovery potential (Ak¢akaya et al.,
2018).

For the seahorses affected by fishing, effective conserva-
tion will require a concerted international effort to reduce ex-
ploitation in both non-selective and targeted fisheries, along
with efforts to mitigate the effects of these fisheries on syng-
nathid habitats. A particular focus should be on curtailing
bottom trawling; its indiscriminate and destructive nature
leads to the extraction of tens of millions of seahorses annu-
ally and the destruction of benthic habitat (Lawson et al.,
2017). Spatial and temporal fisheries closures are key to avoid-
ing such destructive fishing (Dunn et al., 2011; Dichmont
et al,, 2013), with a particular focus on establishing well-
implemented zones or marine protected areas that exclude
trawling. Regulating target fisheries for seahorses will require
dialogue with small-scale and subsistence fishers. An adaptive
management framework that emphasizes learning and re-
finement would be appropriate in this regard (Walters, 2007).

For the seahorses and pipefishes affected by habitat de-
struction, the focus needs to be on reducing and ameliorat-
ing destruction and degradation of critical habitats such
as seagrasses, sponges and corals. For the freshwater and
estuarine pipefishes, in particular, conservation requires a
combination of naturalizing flow regimes, addressing point-
source pollution and nutrient influx, managing riverine
and coastal development, and appropriately siting protect-
ed areas established within a whole-watershed framework.
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Such work is already underway in some areas, for example,
in the Knysna Estuary, South Africa (de Villiers et al., 2019;
Claassens et al., 2020).

It is vital to evaluate the impact of all conservation ac-
tions, and to modify them responsively. Robust long-term
monitoring programmes are needed to evaluate population
dynamics, fisheries, trade and habitat quality. Dedicated
coastal surveys are needed, especially for those species
with small ranges. Such surveys should occur over different
seasons and times of day, and should start in localities with
confirmed specimens or sightings, working outwards to ad-
jacent areas with suitable habitat. All must be controlled for
effort, whether hours invested or distance surveyed. Species
that are not currently assessed as threatened should also be
monitored closely to ensure that known pressures of exploita-
tion and habitat damage—married to ecological shifts arising
from the increasingly urgent threat resulting from climate
change—do not lead them to become threatened. Commu-
nity science is a valuable tool that can and is assisting in
this endeavour (Haywood et al, 2016; Project Seahorse,
unpubl. data, 2019).

Conservation action for syngnathiform fishes has the
potential to benefit other species (Rodrigues & Brooks, 2007;
Shokri et al., 2009). Limiting fishing mortality, in particular
by constraining bottom trawling and other non-selective
fisheries, and ensuring healthy habitats is important both
for the syngnathids and for other aquatic species. Given
that the order is nearly global, there is potential for syng-
nathiformes, many of which are highly charismatic, to act
as flagship species for ocean conservation.
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