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ABSTRACT. The nearshore zooplankton species assemblage, identified per taxonomic groups (20) and per
species for 12 selected groups, was analyzed from samples collected during November 2010 at four volcanic
islands of the Islas Marias Archipelago (IMA), located 90-120 km offshore Nayarit, Mexico. From chlorophyll-
a concentration and zooplankton biovolume perspective mesotrophic conditions prevailed in comparison with
the Gulf of California during November. Crustaceans numerically dominated the zooplankton assemblage
(92.3%) [Copepoda (79.2%), Decapoda larvae (4.7%), Cladocera (3.7%), Mysidacea (2.7%), and Euphausiacea
(2.0%)]. The other 15 taxonomic groups (7.7% combined) accounted each one less than 1.5% of the relative
abundance. Species richness of selected taxa (~56%) included 259 taxa (121 identified to species, 117 to genus,
and 21 not identified). Tropical species from neritic affinity clearly dominated zooplankton assemblage around
IMA. Five tropical Copepoda species [Calanopia minor (Dana), Clausocalanus jobei Frost & Fleminger,
Acrocalanus gibber Giesbrecht, Canthocalanus pauper (Giesbrecht), and Centropages furcatus (Dana)], a
cladoceran Pseudevadne tergestina (Claus), and a Mysidacea species (Mysidiumreckettsi Harrison & Bowman)
dominated the zooplankton assemblage (accounting about 55% of total abundance of the identified species).
Except C. furcatus, all these species are not abundant at oceanic regions of the central and northern Gulf of
Cdlifornia. The similarity of multiple neritic and tropical species in the zooplankton assemblage from IMA and
Cape Corrientes suggests strong coastal-insular plankton connectivity. Episodic current plumes associated with
anomalous intense rivers discharge during rainy years, eddies generated by coastal upwelling event that move
offshore, and northward regional oceanic circulation arethe most likely mesoscal e oceanographi ¢ processes that
cause costal tropical zooplankton drift enhancing coastal - Archipelago species connectivity in this region.

Keywords. zooplankton, assemblage, zooplankton biovolume, neritic, tropical, Islas Marias Archipeago,
Mexico.

Pr ocesos oceanogr aficos que posiblemente explican la dominancia de
asociaciones de especies de zooplancton neritico tropical alrededor
del archipiélago de lslas Marias, México

RESUMEN. Se estudi6 la estructura comunitaria de zooplancton de 20 grupos taxonémicos (12 de los cuales
fueron identificados a nivel de especie) recolectados en € archipiélago de Islas Marias (IMA), ubicado a90-120
km de la costa de Nayarit, México, durante noviembre 2010. Desde la perspectiva de la concentracion de
clorofila-a y € biovolumen de zooplancton prevalecen condiciones mesotréficas en comparacion con € resto
ddl golfo de California durante noviembre. El zooplancton fue numéricamente dominado por crustéaceos (92,3%)
[Copepoda (79,2%), larvas de Decapoda (4,7%), Cladocera (3,7%), Mysidacea (2,7%) y Euphausiacea (2,0%)].
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Los otros 15 grupos taxonémicos (7,7% combinados) representaron cada uno menos del 1,5% de la abundancia
relativa. Lariqueza de especies de | os taxa sel ecci onados (~56%) incluyd 259 taxones (121 identificados anivel
de especie, 117 anivel de géneroy 21 no identificados). Las especies tropicales de afinidad neritica claramente
dominaron la estructura de la comunidad de zooplancton. Cinco especies de copépodos tropicales [Calanopia
minor (Dana), Clausocalanus jobel Frost y Fleminger, Acrocalanus gibber Giesbrecht, Canthocalanus pauper
(Giesbrecht) y Centropages furcatus (Dand)], un cladécero Pseudevadne tergestina (Claus), y una especie de
Mysidacea (Mysidium reckettsi Harrison & Bowman) dominaron en abundancia la asociacion del zooplancton
insular (55% dd total de las especies identificadas). A excepcién de C. furcatus, todas éstas especies no son
parti cularmente abundantes en las regiones ocednicas del centro y norte del Golfo de California. La presencia
demultiples especies neriti cas de zooplancton de afinidad tropical entrelas asociaciones de zooplancton de IMA
y lacostadel Cabo Corrientes sugiere unaintensa conectividad de plancton entrel os ambientes costero einsular.
L os procesos oceanogréficos de mesoescala més probables que favorecen esta conectividad son |as episodicas
plumas asociadas con anomalias de intensa descarga de los rios durante los afios lluviosos, los remolinos
generados por surgencia costera que se mueven hacia aguas ocednicas y la circulacion hacia los polos de esta
region.

Palabras clave: zooplancton, asociacion, biovolumen zooplancténico, neritico, tropical, archipiélago Islas

Marias, México.

Corresponding author: Jaime Gomez-Guti érrez (jagomezg@i pn.mx)

INTRODUCTION

Offshore zooplankton assemblages from the mouth of
the Gulf of California and coastal Cape Corrientes
region have been studied focused only on specific
taxonomic groups, such as Copepoda (Chen, 1986;
Jiménez-Pérez & Lara-Lara, 1988; Hernandez-Trujillo
& Esguivel-Herrera, 1989; Goémez-Gutiérrez &
Hernandez-Trujillo, 1994; LOpez-lbarra, 2008;
Palomares-Garcia et al., 2013), Euphausiacea (krill)
(Mundhenke, 1969; Brinton, 1979; Brinton &
Townsend, 1980; GOmez-Gutiérrez & Hernandez-
Trujillo, 1994; Féarber-Lorda et al., 2010; Ambriz-
Arreola et al., 2012), Amphipoda (Siege-Causey,
1982; Gasca & Franco-Gordo, 2008; Gasca et al.,
2012), Mysidacea (Harrison & Bowman, 1987; Price,
2004), Decapoda larvae (Naranjo et al., 2006),
Chaetognatha  (Alvarifio, 1963, 1969; Ruiz-
Boijseauneau et al., 2004), and ichthyoplankton (fish
larvae) (Franco-Gordo et al., 1999, 2002, 2004;
Aceves-Medina et al., 2003, 2004; Siordia-Cermefio et
al., 2006; Silva-Segundo et al., 2008; Vilchis et al.,
2009; Ledn-Chavez et al., 2010, Avendario-lbarra et
al., 2013, 2014). Therest of the zooplankton taxonomic
groups are generadly little known for Mexican waters
(Brinton et al., 1986). Most recent efforts to understand
the zooplankton assemblages have only identified
relative abundance of broad zooplankton taxonomic
groups or few selected species in the central and
southern Gulf of Californiaregion (Siordia-Cermefio &
Sanchez-Velasco, 2004, 2006; Vicencio-Aguilar &
Fernandez-Alamo, 2005). Fernandez-Alamo & Farber-
Lorda (2006) published the so far most comprehensive

review about zooplankton biovolume, zoogeography,
ecology, and species composition from the offshore
Tropical Eastern Pacific zoogeographic region (TEP);
they made emphasis on the lack of zooplankton
information from tropical Mexican islands. The
zooplankton assemblage represents a prominent food
source for many benthic and demersal planktophagous
predators that inhabit along the coastal habitats of Islas
Marias Archipelago (IMA), including rocky and coral
reefs, rhodolith beds, rocky pinnacles, and soft-bottom
embayments (Erisman et al., 2011). Embryonic and
larval stages of numerous invertebrates and bony fish
assemblages disperse and inhabit as merozooplankton
and thychoplankton around the IMA.

TheldasMarias Archipelagoincludes four volcanic
islands (Maria Magdalena, Maria Cleofas, Isla Madre,
and San Juanito) located near the dlope of the
continental shelf, about 90-120 km offshore the coast
of Nayarit state, Mexico. The Equatorial waters and
water properties from the Gulf of California influence
the insular waters from this Archipelago. The oceanic
circulation around the islands is associated to episodic
current plumes from the continental margin (Martinez-
Flores et al., 2011), large cyclonic and anticyclonic
eddies from Cabo Corrientes region (Kurczyn et al.,
2012; Pantoja et al., 2012), bottom topography (Kurian
et al., 2011), local wind-forcing (Pares-Sierra et al.,
1993), coastal trapped waves of equatorial origin
(Zamudio et al., 2001, 2007) and oceanic currents
(Lavin et al., 2006). These processes also modify local
production and may influence retention and transport of
zooplankton in the TEP region (Férber-Lorda et al.,
2004, 2010; Fernandez-Alamo & Farber-Lorda, 2006;
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Ledn-Chévez et al., 2010). Because the IMA lies near
the intersection of the Cortez and the Panamic
biogeographic provinces (Robertson & Cramer, 20009;
Erisman et al., 2011) featured with mesotrophic
conditions throughout the year (<0.7 mg Chl-a m and
low zooplankton biovolume <100 mL 1000 m3)
(Fernandez-Alamo & Farber-Lorda, 2006; Lopez-
Sandoval et al., 2009), it is expected that tropical
zoogeographic affinity dominate these islands, but its
oceanic or neritic origins still remains unknown.

The present study includes two objectives: 1) to
describe, for the first time, the IMA near-shore
zooplankton assemblage as identified per taxonomic
groups and per speciesfor 12 sdlected groups for which
their taxonomy is relatively well known for the TEP
[Copepoda, Decapoda, Cladocera, Decapoda, Euphau-
siacea, Mysidacea, Amphipoda, Siphonophora, Chaetog-
natha, Pteropoda, Appendicularia, Cephalopoda, and
Pisces (fish larvag)] and 2) to compare zooplankton
species structure from IMA with offshore waters of the
Gulf of California mouth and the continental coast of
Cape Corrientes zooplankton species, to infer if the
zooplankton of the island is numerically dominated by
oceanic or neritic affinity species, and also to speculate
about the potential connectivity processes that
maintains benthic and neritic fauna in the Archipelago.
Thus, we did the characterization of the most abundant
species and community structure outlining a baseline
for further use as inventory of zooplankton fauna from
the Islas Marias Archipelago. This is relevant because
in 2000 the Islas Marias Archipelago was declared a
Biosphere Reserve and in 2007 the UNESCO included
it as a Natural World Heritage Serial Site (Erisman et
al., 2011); thus a zooplankton checklist, zooplankton
biovolume, and understanding how the zooplankton
assemblages are structured, may be useful for conser-
vation and management purpaoses for this archipelago.

MATERIALSAND METHODS

Duringacruisefor censing the communities of reef fish
and benthic invertebrates of IMA, carried out in
November 2010 (Erisman et al., 2011), we collected
zooplankton samples to investigate the zooplankton
species composition from the four volcanic islands.
Performing biological studies in the IMA is difficult
because it requires government permission given the
restricted access and no commercial fishery in the
region due to the presence of a Federal Prison colony in
Isla Madre (established since 1905). Thus, this study
represents an outstanding opportunity to explore
zooplankton diversity around the Islas Marias
Archipedago.

Satellite sea surface temperatur e and chlorophyll-a
concentration

Satellite 7-days sea surface temperature composite
obtained from MODIS-Terra (Moderate Resolution
Imaging Spectral-Radiometer), with a 9 km spatial
resolution  (http://oceandata.sci.gsfc.nasa.gov/M ODI
SA/Mapped/) and satdlite 7-days composite sea
surface chlorophyll-a concentration (mg m) images
from SeaWiFS with 4 km resolution maps (http://
oceancol or.gsfc.nasa.gob/SeaWiFS) were used to
create SST and Chl-a distribution maps around IMA
region (13-19 November, 2010).

Zooplankton sampling

As part of a diving census survey and collections of
coastal benthic, demersal, and pelagic fishes (Erisman
et al., 2011), and benthic invertebrate community
structure (mainly Octocorallia, Echinodermata, Mollusca
and Crustacea: mostly Decapoda and Stomatopoda)
(Sanchez-Ortiz et al., unpublished data), the
zooplankton community structure of 11 sampling sites
was studied at at Islas Marias Archipelago, during
November 13-21, 2010 (Fig. 1). Near sea surface
zooplankton samples (<2 m depth) were collected in
rocky reefs, rhodolith beds, and sandy bottom habitats,
with seafl oor depth ranging typically between 15-30 m.
Near-surface epipelagic zooplankton was collected
with a conical zooplankton net (0.6 m ring diameter;
333 pm mesh net) fitted with a General Oceanic digital
flow meter to estimate water volume filtered by the net
(Smith & Richardson, 1977). The cruise was done with
thetouristic vessel Rocio del Mar and the net wastowed
with a Zodiac boat, following a wide semicircular
trgjectory during 10 min. The location of the
zooplankton samples was determined with a GPS.
Zooplankton samples were preserved with 96% ethanal
with a complete ethanol replacement after 24 h of
preservation. Zooplankton biovolume was determined
using the volume displacement method (Smith &
Richardson, 1977). For comparative purposes, the
zooplankton biovolume collected at IMA during
November 2010 was compared with near surface
zooplankton tows collected on board the R/V El Puma
(UNAM) withthe collection method using 333 and 500
pUm mesh net during 2005 (November 19-26), and 2007
(January 13-27; July 20 through August 2) at the central
and northern Gulf of California regions (26-30°N)
(Tremblay et al., 2010) (Table 1).

Sample analysis
Fish eggs and larvae (ichthyoplankton) was sorted out,

counted and analyzed from the entire zooplankton
sample. The rest of the zooplankton taxonomic groups
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Figure 1. Surface zooplankton sampling stations collected during November 2010 at Idas Marias Archipelago in the

Mexican Tropical Pacific, Mexico.

Table 1. Comparison of zooplankton biovolume (mL 1000 m?®) collected with surface horizontal tows at Islas Marias
Archipelago (IMA) during November 2010 and samples collected in the central and northern part of the Gulf of California

during November 2005, January and July-August 2007.

Regions IMA Central and northern part of the Gulf of California (26-30°N)
Dates 14-23 Nov 2010 19-26 Nov 2005 13-27 Jan 2007 20 Jul - 02 Aug 2007
Mesh net 333 um 333 um 333 um 505 pm 333 um 505 pm
Samplesize (n) 11 23 29 27 21 24
Average 62.9 138.4 1095.2 3774 368.0 176.5
Minimum 28.0 6.3 52.6 35.8 28.3 229
Maximum 159.4 522.8 3903.1 1108.3 1454.9 671.4
Standard deviation 36.9 1420 1107.1 344.8 365.8 177.4
Standard error 11.7 29.6 205.6 66.3 79.8 36.2
Gulf of California/MA biovolumeratio 2.2 174 5.9 5.8 2.7

were sorted, identified, and counted from 10 mL
aliquots obtained with a calibrated Hensen Stempel
pippette from a standard 240 mL bottle. We first
identified all the zooplankton per large taxonomic
groups (typically Order), and later several taxonomic
experts helped usto identify species for the 12 selected
zooplankton groups: Copepoda, Cladocera, Decapoda,
Euphausiacea, Amphipoda, Mysidacea, Siphonophora,
Chaetognatha, Pteropoda, Appendicularia, Cephalo-
poda, and Pisces (fish larvae). A second 10 mL aliquot

was analyzed to count zooplankton per taxonomic
groups. The abundance of organisms detected in the
second aliquot, not observed in the first 10 mL, was
standardized to a total 20 mL aliquot size sample. The
abundance of each taxonomic zooplankton group and
each species identified was standardized to number of
individuals per 1000 m?3 using standard methods
(Smith & Richardson, 1977).

Twelve zooplankton taxonomic groups were
identified at the species level using as principal sources,
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but not exclusively, standard taxonomic keys for
Copepoda (Palomares-Garcia et al., 1998; Razouls et
al., 2005-2012, http://copepodes.obs-banyuls.fr/en/),
Euphausiacea (Baker et al., 1990; Brinton et al., 2000),
Mysidacea (Tattersall, 1951; Ii, 1964; Mauchline, 1980;
Harrison & Bowman, 1987; Deprez et al., 2005;
NeMys webpage http://nemys.ugent.be/; Murano &
Fukuoka, 2008), Decapoda (Williamson, 1957a, 1957b,
1960, 1962, 1967, 1983; MacDonald ef al., 1957; Pike
& Williamson, 1972; Fichman & Williamson, 1978;
Albornoz & Wertmann, 1997; Anosov, 2000; Dos
Santos & Lindley, 2001; Puls, 2001; Dos Santos &
Gonzalez-Gordillo, 2004), Chaetognatha (Alvarifio,
1963, 1967; Casanova, 1999), Pteropoda (Seapy, 1990;
Spoel, 1996; Spoel et al., 1997; Angulo-Campillo,
2009), Hyperiid amphipods (Vinogradov et al., 1996;
Zeidler, 2006), and ichthyoplankton (Brogan, 1992;
Moser, 1996; Beltran-Ledn & Rios-Herrera, 2000). A
relative large proportion of specimens, particularly fish
and decapod larvae, were not identified to species,
because their larvae have not been described yet.
Abundance per taxonomic group, and abundance
per species was logio (x+1) transformed to decrease
abundance variability for statistical analysis (McCune
et al.,, 2002). To detect spatiadl community structure
similarities among zooplankton samples per sampling
station and presence/absence of each species, a
Hierarchical two-way Cluster Analysis was done using
the Bray Curtis link method and Flexible Beta distance
(selected value -0.250) (using a matrix coding of
relative abundance per species) calculated with the PC-
ORD software (version 6.0; http://home.centurytel.
net/~mjm/pcordwin.htm) (McCune et al., 2002).

RESULTS

Satellite sea surface temperature and chlorophyll-a
concentration

During November 2010, sea surface temperature (SST)
was relatively warm (25-26.6°C) and showed a clear
longitudinal gradient with the highest SST along the
Southwest coast of the Islas Marias Archipelago (IMA)
and the lowest at the Northeast area of Maria Madre
Island (Fig. 2a). Sea surface chlorophyll-a (Chl-a)
concen-tration was considerably low (<0.42 mg m™) at
al the study area; showing the relatively the lowest
concentration offshore along the western coast of the
IMA and high values along the eastern coast of the
archipelago (Fig. 2b). These relatively high SST and
low Chl-a concentrations represent mesotrophic
conditions.

Zooplankton biovolume

Near surface zooplankton biovolume (ZB) was <159
mL 1000 m with relatively small spatial variability

(Mean =63 mL 1000 m™; standard error = 12 mL 1000
m3, map not showed) during November 2010 in the
Isas Marias Archipeago. IMA near surface zoo-
plankton biovolume ranged between 2.2 and 17.4 times
lower than those collected in the central and northern
regions of the Gulf of California during November
2005 and January and July 2007 (Table 1). These
comparisons, indicate that the near-shore habitat of the
IMA could be considered as a mesotrophic coastal
habitat during the sampled period.

Zooplankton identified per taxonomic gr oups

Zooplankton assemblage in the near-shore habitat of
IMA included 13 hol oplanktonic and 7 meroplanktonic
taxonomic groups. Crustaceans, numerically domi-
nated total zooplankton abundance (92.3%) (Fig. 3a,
Table 2). Copepoda alone accounted for 79.2% of the
total zooplankton abundance. Other crustacean groups
recorded with high relative abundance were Decapoda
(4.7%), Cladocera (3.7%), Mysidacea (2.7%), and
Euphausiacea (2.0%). Fish eggs accounted for 1.5% of
total abundance, indicating the relevance of the near-
shore habitat for fish reproduction during November.
Appendicularia (Order Copelata) and Chaetognatha,
each one had 1.4% of total relative abundance. Therest
of the 12 taxonomic groups accounted individually
<0.6%, accumulating only 3.4% of the total abundance
(Fig. 3a, Table 2).

Zooplankton identified per species

From 12 selected taxonomic groups a total of 259 taxa
were identified in the near-shore zooplankton assem-
blage. Fish larvae showed the highest taxa number (107
taxa ranging from family to species) decreasing with
Decapoda (56), Copepoda (35), Thecosomata (17),
Amphipoda (15), Siphonophora (10), Chaetognatha
(7), Euphausiacea (6), Cladocera (2), Mysidacea (2),
Appendicularia (1), and Cephalopoda (1) (Table 3).
Copepoda, Euphausiacea, Amphipoda, and Cladocera
are relatively well-known species in the central
Mexican Pacific region. The tropicd Copepoda
Calanopia minor A. Scott, Clausocalanus jobei Frogt &
Fleminger, Acrocalanus gibber Giesbrecht,
Canthocalanus pauper (Giesbrecht), and Centropages
furcatus (Dana) had abundances between 7.5 and
10.1%, all them accounting for 36% of the identified
species total abundance (Fig. 3b, Table 3). None of
them are numerically dominant in the central and
northern Gulf of California or in offshore waters from
the TEP regions. The tropical copepods Centropages
furcatus (Dana) (5.2%) and Oncea venusta Phillippi
(4%) aso are relatively abundant in the central and
north of the Gulf of California during summer.
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Figure 2. Saellite a) sea surface temperature (°C) MODIS and b) chlorophyll-a concentration SeaW!FS (mg Chl-a m3)
recorded during November 2010 at the Islas Marias Archipelago.
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Figure 3. Relative abundance of near-shore zooplankton identified per @) zooplankton groups and b) selected numerically
dominant zooplankton species that could be the most trophically relevant zooplankton species from the Islas Marias
Archipelago recorded during November 2010.

The Cladocera, Pseudevadne tergestina (Claus) was siacea distinguenda Hansen, 1908 (3.4%) and
also abundant (6.5%). Euphausiacea, mostly as larvae Euphausiacea lamelligera Hansen, 1911 (2.3%)]
and juvenile phases, were relatively scarcein the IMA (Fig. 3b). The most abundant species from Chaetognatha
near-shore habitat, The TEP endemic species. [Euphau- (<2.3%, Flaccisagitta enflata (Grassi)), Decapoda
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Zooplankton at Islas Marias Archipelago, Mexico
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Zooplankton at Islas Marias Archipelago, Mexico

(snefd)
['€88C  T€69¢ (01) £99°9 I'S816T  L6GOLF 09TT L1ILT €599 T6ZI  LI1IS  €6851 00 60608 616T ¥o6bTy DULISD.12] DUPPAIPNAS aBpIOpOg
098¢ €861 (9) £8%°0 8081  919T 00 00 00 00 00 €191  T'SPE 1996 TSLT 989 BUR(] SLUSOUAD DIIUD] QBPIPIS BI00PE]) JpIoqns
eaeapsodiq 19pLO
epodonparueag sse|)
108 1'+T (1) 65070 9z 00 00 00 00 9¢9z 00 00 00 00 00 00 sne) vatwd souodp.ng aeplouold
snep)
091 T8t (@) 65070 969t 00 00 9'69T 00 00 9€9T 00 00 00 00 00 $1100.L5 p2p2A[DDd aeplouoiqd
(Jexs10,9)
T091 £8F (D 8IT0 TIgs 00 00 00 00 00 TIES 00 00 00 00 00 DLIDIUBPAS DUILHOLY] SEpHITUOT ]
SUR[D
108 T+ (D 65070 9°59T 00 00 00 00 00 00 9'¢9T 00 00 00 00 SHIDUAO SHIISOZIYIS aepIRIseIR]
S91 6t (1) 100000 00 00 00 00 00 00 9tS 00 00 00 00 00 aBe Loulu DUOSOPGII aepregda0dx
sn[pipeaoq
108 T+ (1 6500 99T 00 00 00 00 00 00 00 00 00 00 9¢9Z 1snop2 snpoydazdx sepifeydasdx ()
sne[)
108 T+ (1) 65070 99T 00 00 00 00 00 9¢9T 00 00 00 00 00 saprojstualf) sisdoaval aeprsdooead
mSM_U SnIIbUUIIUD
108 't (1) 65070 9°€9T 00 00 9°¢9T 00 00 00 00 00 00 00 00 smoyudiouy sepioraf’|
108 T+ (1) 6500 9°59T 00 00 00 00 00 00 00 00 00 9597 00 (puaani) -ds vapodr sepravak
uewmog
091 £8F (D8IT0 T1Es 00 00 TIes 00 00 00 00 00 00 00 00 LOYDWIOYS SHUOTLUSY | SEpIUOBLIS |
(3u1qqa1g) sorauasoziyas
108 't (D) 65070 9°69T 00 00 9°¢9T 00 00 00 00 00 00 00 00 snuodLysay aepluoBLnsa|
(smupreaog)
108 't (1) 65070 969z 00 00 00 00 00 00 9¢9T 00 00 00 00 SRUSSID] STUOSLYS | aEpIuIOBLNSa |
SD
191% 9¥Er (L) 6501 LosLt 00 896L  896L 00 9697 969T  896L 00 £€790T  896L 00 SISUa|DSUIG SRUOTLUSIT aepIuosInsa T
(Buiqgarg)
9°Z81 £0T1 () v6T°0 8T€1 00 00 00 00 9°¢9T 070 9¢9T 00 00 TIES  97¢9T suurBogs soproLiadiyy sepindig
ﬁNE;DM—
108 T+ (D) 6500 9°¢9¢ 00 00 00 00 00 00 00 00 9¢9z 00 00 wasuaydais puaiadiyg sepiIadiy epodiydwry Jopi(y
0°6€ L1 (1) 6200 621 00 00 00 00 T6ZI 00 00 00 00 00 00 sowoy poyfiond vjjorug QupISAIY
+ UBUIMOE] 29 WOSLUIBL]
BILE 9TE0T (L ziro 16681 00 00 00 00 CLLL8 L6IES T8I+ €608 80TI '8¢ 16681 ISH2Y21L WIPISAIT JepISAN EPISAN J2PIO
EPLIBIRID J
1piQ 12dng
1L81 ‘513278
89¢ st () 19070 SOLT 00 00 00 00 00 00 9091 00 66T 00 00 SHIODAZ SHAPRUDJ aepLnuIe]
enueiday Jopiogqng
£ee 001 (1 +zo0 11 00 00 00 00 00 00 00 ¥OIT 00 00 00 ds nrqasodny aeprgadodn
vl §TL (©)LLTO L'008 00 6eer 00 €957 00 00 00 FOIT 00 00 00 ds pssa00.4] 2epIssaool]
PLE €11 (1) L200 01 00 00 00 00 ovZT 00 00 00 00 00 00 ds vaniydisng auproeydrseg
14 PRl (1) 9g00 9091 00 00 00 00 00 00 9091 00 00 00 00 ds piuonog ABPIUIOISR[E]
8951 T8 (£) sozo 6526 00 ceer 00 00 00 00 9091 €I£E 00 00 00 ds sappuouanivg QEPIUOTIIE]E]
'8t 91 (1) 9£0°0 9091 00 00 00 00 00 00 9091 00 00 00 00 9 “ds uowaning SEPIUOTIOETE]
9HSl 99% (D +Ir0 LTI 00 00 00 LTI 00 00 00 00 00 00 00 ¢ “ds uowaving aepruowae[e]
as weapy () % Aousbery A4 907 VoI 61 PAi b1 s S 4 S 9 t
pue sduepUNgR wng sapads pue snuan Amue ucnestIsse[d adre
sansnels dANRDY suoneys urdureg

UONENUTIO.)



Latin American Journd of Aquatic Research

1020

SIaquassg

v6E 611 (D 6200 80¢l 80¢1 00 00 00 00 00 00 00 00 00 00 snofiond snaardowsacy aepuaidowsa(]
ZI[OYISYIST
98 Tee (z) 9800 98¢ 00 00 00 00 00 00 00 00 8021 00 9°€9T D10 DINB.IA SIDS2LD) QeplISsAID
Z1[OYaSYs]
¥oL Iz (D zso0 CEET 00 00 00 00 00 00 (0] 00 00 00 DIHUOD §1253.4) JEpRSAID
(seog])
769 60T (D 1500 10£T 00 00 00 00 00 00 00 1'ogc 00 00 00 DDIYD.LBIYD S152.L7) duplasaI)
Suey
L0TT 0Lyl (g)gge0 T°LI91 80¢1 00 00 00 991¢ 00 60sT  0CI1 8°€09 00 00 DPRSMA DIRSIA SI2524) 2EPIasaIn
(mansa)
T091 0oL (©)1Lro 6'69L 00 00 GLIT 00 00 00 00 00 8°0T1 00 T1ES pxajfur pluoan) SEPILTOARS) BJELIOS003Y | 1apl()
epodoajsesy sse[)
RISN[OJ\ WINAYJ
SEIT £961 (L) 8LFO 9°651T  £€TC  0TEP  §eET SEel 991 6'9¢ 00 00 SIve 00 00 pagnuspt umomyup)
(eonyo)
'TIL ¥'est (F) zT9°0 608T 00 00 6LLL SEel 00 00 £L91 00 00 00 £06£T voifiond puispsein.Lag aupuses
(1sse1n)
Sri6 LSl6 (oD 1€TC €L001 66951 00 L'ESE €L99  E€8ST  ¥LIT  CE8S ["ESST 879801 €8S 0L8IE vID}fua DHIEPSII0] aepmides
(1215B2U0(])
£0r {4l (D ogo0 CEEl 00 00 00 CEel 00 00 00 00 00 00 00 DISNGO. DIIBDSO4D.] aepmides
(epry)
96E {3 ¢4 () zgo0 8EET 00 00 GLIT 00 00 00 (0] LS 00 '8¢ (1] DI23|Sau DILSDSOUDPIY aepmides
(1sse1n))
00 00 (D 0000 100 00 00 00 00 00 100 00 00 00 00 00 synqns siuyo.y SEpIIUYOIY
£69r ¥'LET (L)gLgo 'tz 00 0ell 6L ceel 6Tl 6'9¢ 00 00 00 Loy €e68l “ds vuuory QEPIIIUYOTY eioydowsenydy 1piQ)
vipeudojovy)) wnjiyjg
cee Lot (1 9zoo 6LIT 00 00 6L 00 00 00 00 00 00 00 00 paynuapl uoN umouyup)
(mequagan)
[4Y4 9L (D 6100 9t8 00 00 00 00 00 00 9°€8 00 00 00 00 ISR DLID]0BINIING sepriydic
weydumunyy
Love LTot (Doszo 0€TT 00 00erT 00 00 00 00 00 00 00 00 00 DIUDID DRDISSN aepriydiq
(Lopxngy)
£¢Sl TE6 @ LzT0 cTo1 80¢l 00 6L 00 T6T1 00 00 SLS 00 '8¢ TIES DI SAROXOPIH aepiAydr
£0TE 996 (D¢gTo £7901 00 00 00 00 00 00 00 00 00 00 £7901 “ds anpidydicy aeprAydic
paequasA 3
SILT £6v1 (L) ¥9¢°0 8°THII 80¢€1 00 GLIT 0¥es  Tetl 00 00 01T 00 £05¢ €9C ossTuey) Lodsip sadydiq aepriydiq
(ylrpsunay uea 2p suay)
£re €01 (Dszo0 LETT 00 00 00 00 00 LEl 00 00 00 00 00 pLIojuoD sadydojay) aepiAydi
(@fem
8911 Tse (D9800 S'L8E 00 00 00 00 SL8E 00 00 00 00 00 00 o[ panlig viouny aupneedy
Z)[oyasydss]
€or A | (1) ogo0 CEEl 00 00 00 ceel 00 00 00 00 00 00 00 1Uayo DSy sepnewedy  dwioydodfe) wploqng
pIewren
r'ee 611 (D 6200 80¢l 80¢L 00 00 00 00 00 00 00 00 00 00 % Aong) sisuasspg vissog 2BpIAQY aeioydouoydig 12p10y
BOZOJIPAF] SSB[D)
BLIEPIU,) WINAYJ
as mop (W% Aouanbag w a0z VoT 61 L1 ¥ AN A i 9 ¥
puE asuepunge wng satads pue snuan Apuae uonedyIsse[d adie|
ERIINHIN 2AR[Y suonejs Furdweg

UOTENUIIUO))



1021

Zooplankton at Islas Marias Archipelago, Mexico
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(<1.7%, Uca sp.), Amphipoda (<1.1%, Lestrigonus

g/ ZM533 2 355 4 TUS2233355] pengalenss Giles, Mysidacea (<0.4% Mysidium
2| . rickets Harrison & Bowman), Pteropoda (<0.3%,
T13IE223 2 223 % 22232223222 CresisvirgulavirgulaRang), and Siphonophorae, had
considerably low abundance. However, they were

UE\%e:ae iy oo Bl e e e ) e e rdathdy Wldely distributed in the IMA near-shore
£8%ss%z 2 S22 2 z22:zz:5:5zz3| habitat (Fig. 3b Table 3). Decapoda larvae from
gEessSs S SS9 S SS5:S3S235<SS 3| Mexican waters are highly diverse but poorly known;
= & they wereidentified typically family- genuslevel using

. [Bmm mo2 2 mgaonasegeal  taxonomickeys mostly fromthe California Current and
& |7 W . the Atlantic and Mediterranean Sea (Table 3). A large
e et 4 e e e ecoees| Dumberof fishlarvae (75 taxa) were not possible to

identify at the species level (31 to genera and 44 to
family level, or morphotype) belonging to benthic

§IES¥3 S 332 S ¥3333:23:23:2 cryptic and reef habitat associated tropical taxa. The
clecce @ coc o ccccccoacas fish families with larger number of species were
Sles=s=s € ss S sssesss<ses| Dactyloscopidae (19 taxa), Labrisomidae (16),

Tripterygiidae (8), Haemulidae, Chaenopsidae, and

212223 = 23 ¢ sss=ss3s323s 3| Gobiesocidae(7taxaeachone). Scombridae (Auxissp.,
205 larvae 1000 m®) and Tripterygiidae [Enneanectes
tlesss 2 222 o ssssosssss| s 2 with 139.6 larvae 1000 m™ and Enneanected

carminalis (Jordan & Gilbert) with 82.5 larvae 1000 m3]

il e e 2 ceo o ceceoeoees| werethe most abundant fish larvae detected in this
i TlEese S s S s=ss<s<s<s9< <5 gudy. Although IMA islocated near and east the shelf
) break, zooplankton assemblage was clearly outhum-
E|§ESS3 S 252 € 2327223222 Dbeed by tropical species from the neritic habitat,

mostly crustaceans (copepods, cladocera, and mysids)

2322 2 332 § 22222223535 ¢2] suggesting aclose connectivity of this archipelago with
the coastal habitat from Cape Corrientes region (Table
Sl224S 2 223 F S2232222223 4).
e e e e - e ceeeowewo| Zooplanktontwo-way cluster analysis
ST T oEess = seeeeseee = ! Cluse andysis applied to the 20 taxonomic groups
rlec o o cce o ceooooaese| (fisheggsandlarvaewerehereconsidered as different
SSgS = == = s=2s=s=s<=<=<=2| groups) showed three groups of stations segregating
two groups that separate southwest and northeast of the
Archipelago (Groups 1 SW, 2NW) and a third group
. that includes stations from southeast and northwest
} .. .y o (Group 3 SE-NW) (Fig. 4a). The cluster analysis for
3 |3 5§ £3 3% zooplankton groups showed three groups ordered from
2l _.S.8p £z I3 high abundance (Group 1, with 12 taxonomic groups
SS_.f5f8f [P i:iiReiiissss Copepode-Mysidaces) to medium (Group 2 Salpida-
FSiizgisissg ierieeegaeie  Ostracoda), andlow abundance (Group 3 Cephalopoda-
Cirripedia) (Fig. 4a).
e o o B8 8§ 3 Cluster analysis applied to 69 of the most abundant
_legds 3 3 82 £ fssss555ss| taxa(identfied down to genus and species) showed
i ES ‘g % ‘g ‘g 2% 3% 222252532 alsothree groups of stations segregating two groups
P eee @ 2zZa & 0SS0 RBPPEE 2 that separate west and south of the archipelago (1 W, 2
S) and a third group that include stations from
8 p northwest (3 NW) of the IMA (Fig. 4b). Cluster
g 3 £ analysis was used to determine species assemblages
i _Z fé (120 species, excluding those identified only to genus
2 g,, g family taxonomic level) at 25% of similarity (dashed
S| = & line) showed four species groups (Groups 1-4). Species



Table 4. Fish larvae (i chthyoplankton) taxonomic assemblage collected at the Mexican Tropical Pacific, Gulf of Californiaand Cdifornia Current System. nd: no

data available, *: Juvenile and adult fish checkligt investigation carried out diving during November 2010 survey (Erisman et al., 2011).

Reference

Sampling effort

Dominant
species

Family =~ Genera  Species
number  number number

Order
number

Location

Region

31 locations & literature review*  Erisman er al. (2011)

294 7

197
38
25

73

18

as Marias Archipelago (adults)*

This study

as Marias Archipelago

a Isabel

11 samples Nov 2010

12 samples Oct

107
45

23

Funes-Rodriguez (unpubl. data)
Silva-Segundo ef al. (2008)

132 samples; 11 monthly surveys Franco-Gordo er al. (1999, 2002)

23

_ = =

Is

Mexican Tropical Pacific

Is

Is

72 samples; 11 monthly surveys

1
1

98

58
80

43

15
21

isco and Colima bays

_

Jal

111

57

isco and Colima shelf

=

Ja

Sinaloa, Jalisco and Colima

Leon-Chavez et al. (2010)

100 samples; 2 months surveys

2
2
3
2

131
73

56
43

nd 51

18
21

shelf and oceanic region

Lépez-Chavez et al. (2012)

68 samples; 2 months surveys

465 samples; 1984-1988

29
95

Tehuantepec, Oaxaca

Zooplankton at Islas Marias Archipelago, Mexico 1025

Aceves-Medina ef al. (2003)

283
151

57

Gulf of California

Gulf of California

Jiménez-Rosenberg ef al. (2010)

~275 samples; 1998-2000
~143 samples; 1998-2000

11,500 samples; 1954-60

104

57
58
51

nd
nd
nd

West coast Baja California

Baja California Peninsula

Jiménez-Rosenberg ef al. (2010)

Moser et al. (1987)

128
191
249

467

102
39

nd

West coast Baja California Sur

nd
nd
nd

Point Conception-Punta Eugenia

California Current System

Moser & Smith (1993)

Moser (1996)

nd
141

Oregon-southern tip of Baja California

340

25

California Current and adjacent seas

of Group 1 (12 taxa; Acartia lilljeborgii Giesbrecht—
Grapsus sp.) were located mostly along the west coast
of thearchipelago. The Group 2 (7 taxa; Pagurus sp. 1
Muggiaea atlantica Cunningham) al ong the west coast
of the archipelago. Species of Group 3 (43 taxa;
Canthocalanus pauper (Giesbrecht)-Diphyidae sp.)
was the most diverse and widely distributed in all the
IMA including most of the numerically dominant
copepod species in the zooplankton samples present in
thefour islands. Thelast Group 4 [7 taxa with very low
abundance; Euphausia eximia Hansen-Planktomya
henseni Simroth] had avery patchy distribution pattern.
Overall, the species group assemblages at IMA showed
a geographical separation (mostly a longitudinal cline
likely enhanced by the presence of the shelf-break at
thewest of IMA) on moderates and | ow abundance taxa
but not for species highly abundant and widely
distributed among the four islands (Figs. 4a-4b).

DISCUSSION

Idas Marias Archipelago species assemblage (neritic
Vs oceanic affinity)

Our zooplankton assemblage study provides an
emerging view about how the IMA show large propor-
tion of a diverse tropical-neritic species dominated by
12 hol oplanktonic taxa (mostly crustaceans) and, inless
proportion, eight meroplanktonic taxa (fish eggs and
larvae were here considered as separated groups),
inhabiting a relatively mesotrophic habitat featured
with low Chl-a concentration and low zooplankton
biovolume (L6pez-Sandoval et al., 2009; Fernandez-
Alamo & Farber-Lorda, 2006). Comparing IMA
zooplankton community structure from IMA with those
collected at offshore waters of the Gulf of California
and coastal region of Cabo Corrientes we found a more
similar zooplanktonic fauna with the tropical coastal
species assemblage previously detected along Cape
Corrientes coast, Jalisco, Mexico.

For example, Islas Marias Archipelago fish larvae
species, family composition, and abundance, were
similar to those detected during another zooplankton
survey carried out during October 2002 in 12 sites at
Isabel Island, located ~27 km offshore Nayarit coast
and ~70 km East from IMA (Funes-Rodriguez et al.,
unpublished data) (Table 4). This dominant species
composition is consistent with other ichthyoplanktonic
studies carried out along the continental shelf of the
Cabo Corrientes region, where most specious families
were flatfishes (Franco-Gordo et al., 2002) and reef
fishes (Silva-Segundo et al., 2008). One interesting
exception of this pattern observed in the present study
was the presence of Auxis sp. (Scombridag), as the
relatively most abundant fish larvae recorded near the
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Figure 4. ) Map with station sampled, Two-way cluster analysis of zooplankton identified per b) taxonomic group, and c)
dominant zooplankton species during November 2010 at Islas Marias Archipelago.

coast of IMA, because tuna are a well-known oceanic
affinity species in the TEP region. Without this
exception, the rest of the IMA fish larvae species were
of neritic affinity (different to fish larvae typically
observed at offshore regions of the mouth of the Gulf
of California) numerically dominated by the tropical
mesopelagic, like Benthosema panamense (Aceves
Medina et al., 2004; Gonzalez-Armas et al., 2008;
Ledn-Chavez et al., 2010). Inthe TEP assemblages, the
tropical  mesopelagic Vinciguerria lucetia and
Diogenicthys laternatus (Garman) species dominate
the transition region in winter; whilethe neritic pelagic,
Bregmaceros bathymaster, dominates the “coastal-
oceanic” assemblage in autumn at Cabo Corrientes
region (Ledn-Chavez et al., 2010), near the coasts of
Jalisco and Colima States (Siordia-Cermefio et al.,
2006), and at Gulf of Tehuantepec (L6pez-Chavez et
al., 2012).

Near shore IMA region showed relatively low
copepod diversity (35 species) of tropical affinity that
contrasts with the about 480 copepods species recorded
for the TEP region (Central America, Galapagos,
Northern Perl) (Razouls et al., 2005-2012; Suérez-

Morales & Gasca, 1998) and ~130 species in the Gulf
of California (Brinton et al., 1986, Hernandez-Trujillo
& Esquivel-Herrera, 1989; Palomares-Garcia et al.,
1998, 2013). This low Copepoda diversity at IMA is
likely related with the shallow and coastal sampling
done in the present study. Five species (Calanopia
minor, Clausocalanus jobei, Acrocalanus gibber,
Canthocalanus pauper, and Centropages furcatus)
accounted for about 43% of total abundance of all the
259 identified species. As far as we know, this is the
first record of Calanopia elliptica and Acrocalanus
gibber in Mexican waters according with species
detected in three exhaustive free-living marine
Copepoda checklists (Palomares-Garcia et al., 1998;
Suérez-Morales & Gasca, 1998; Razouls et al., 2005-
2012). These five copepod species are tropical and
subtropical neritic species that have not been recorded
or detected in very low abundances at offshore regions
of the TEP, where are numerically dominated by
species of oceanic affinity, like Subeucalanus subtenuis
(Giesbrecht) (33.5%), Subeucalanus subcrassus
(Giesbrecht) (12.8%), and Rhincalanus nasutus
Giesbrecht (9.5%) from a copepod assemblage of 63
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species (Chen, 1986). Palomares-Garcia et al. (2013)
detected 53 Copepoda species in the central and
northern Gulf of California showing different dominant
species during winter [Pleuromamma gracilis Claus,
Calanus pacificus Brodsky, R. nasutus, and
Scolecithrix danae (Lubbock), summing 65%] than
during summer [Centropages furcatus, Clausocalanus
furcatus (Brady), and R. nasutus 24%]. Except
Canthocalanus pauper that also was numerically
dominant during summer at northern latitudes fromthe
Gulf of California (Palomares-Garcia et al., 1998) and
at IMA region, the numerically dominant copepod
species composition reported in IMA were not
dominant at offshore epipelagic habitats from the
central and northern regions of the Gulf of California
suggesting that IMA has a different zooplankton
assemblage (Jiménez-Pérez & LaralLara, 1988;
Herndndez-Trujillo &  Esquivel-Herrera,  1989;
Palomares-Garciaet al., 1998, 2013; Suarez-Morales et
al., 2000; Siordia-Cermefio & Sanchez-Velasco, 2004,
Lavaniegos et al., 2012).

At IMA we detected only two mysid species,
Mysidium rickettsi, that was moderately abundant but
with a patchy distribution pattern in the archipelago
(63% of frequency of occurrence), and Syriella
pacifica, detected only in one zooplankton sample in
very low abundance. Harrison & Bowman (1987)
described M. ricketts from specimens collected by
Rickets & Steinbeck in 1940 at Port Marcial, Baja
California Sur and Bahia Ohiura, Sonora, and from
specimens obtained in the 1980 decade through manta
ray gut contents from four localities near Bahia de La
Paz B.C.S. collected by Notarbartolo-di-Sciara (1988)
(infact M. ricketts was the second most abundant prey
from manta ray just after the euphausiid Nyctiphanes
simplex Hansen). The presence of M. ricketts at IMA
is the southernmost record for this species expanding
~400 km its distribution range from previous reports
(Harrison & Bowman, 1987; Notarbartolo-di-Sciara,
1988). This is also relevant evidence that IMA
represents a neritic habitat suitable for mysids (mysids
are not detected in offshore oceanographic cruises)
even than this Archipelago is located 70-90 km
offshore from Cabo Corrientes coast.

Euphausiids also suggest a neritic tropical habitat
because were detected larvae and juveniles of two
endemic neritic TEP krill species that dominate Cabo
Corrientes region: Euphausia distinguenda and with
less abundance E. lamelligera. Both species are well
known from previous studies at the central Mexican
Pacific coast (Mundhenke, 1969; Brinton, 1979), the
mouth of Gulf of California (Féarber-Lorda et al., 2004,
2010) and along the Jalisco-Colima coast where E.
distinguenda (88-90%) outnumbers E. lamelligera

(7%) (Ambriz-Arreola et al., 2012). This abundance
pattern contrast with offshore waters where E.
lamelligera is considerably more abundant than E.
distinguenda (Brinton, 1979; Brinton & Townsend,
1980; Brinton et al., 1986; Farber-Lorda et al., 2010).
Because we sampled only near-shore shallow seafloor
(10-40 m depth) we expected to find only larvae and
juvenile, since adult’s distribution is related with
deeper seafloor as they do large daily vertica
migrations (Lavaniegos, 1996; Tremblay et al., 2010).

The amphipods Lestrigonus bengalensis and
Hyperioides sibaginis (Stebbing) were the most
abundant of 15 Amphipoda species collected at IMA.
L. bengalensis is the most abundant amphipod in the
entire Gulf of California, particularly in neritic waters,
while H. sibaginisis considered uncommon in the gulf,
but relatively abundant at IMA region (Siegel-Causey,
1982; Brinton et al., 1986; Gasca & Franco-Gordo,
2008; Gasca et al., 2012). Along the coast of Cape
Corrientes, occurs a considerably more diverse
amphipod assemblage (80 species, 3-48 species per
oceanographic  station), but also overwhelming
numerically dominated by these two amphipod species
(both accounting 79% of the total Hyperiidae amphipod
abundance). However, H. sibaginis (65%) is typically
more abundant than L. bengalensis (14%) throughout
the year in Cape Corrientes (Gasca & Franco-Gordo,
2008; Gasca et al., 2012). If amphipod species per se
does not giveaclueabout if IMA isaneritic or oceanic
habitat maybe their abundances can do. Hyperiidae,
particularly the most numerically dominant species, are
typically more abundant inshore (1432 ind 1000 m3, 68
species) than offshore (736 ind 1000 m3, 77 species)
(Gasca et al., 2012). This explains the relatively low
mean abundance of hyperiid amphipods (917 ind 1000
m?) at IMA as an amphipod coastal-oceanic species
diversity gradient, although does not explain the
relatively low amphipod species richness (15 species)
(sampled at locations <30 m depth). However, itisclear
that Islas Marias amphi pods were clearly dominated by
tropical-neritic amphipod species typical from the
Panamic region (Vaencia & Giraldo, 2009), being
considerably different from California and Baja
Cdlifornia peninsula regions, the Gulf of California,
and Central region of Mexican Pacific (Lavaniegos &
Ohman, 2003; Lavaniegos & Hereu, 2009).

At IMA and Banderas Bay coast (Cape Corrientes)
the Chaetognatha Parasagitta euneritica (Alvarifio)
(84%) and Flaccisagitta enflata (Grassi) (8.3%) were
the most abundant and widely distributed species from
the 7 species of Chaetognatha detected near the coast
(Ruiz-Boijseauneau et al., 2004). P. euneritica is a
coastal epiplanktonic species distributed along the
coastal waters of the eastern Pacific Ocean, from 45°N
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to Bgja California and inside the Gulf of California
(Bieri, 1957, 1959; Alvarifio, 1965, 1969; Herndndez-
Trujillo & Esquivel-Herrera, 1989; Ruiz-Boijseauneau
et al., 2004; Cota-Meza, 2011). Through the Gulf of
Cdliforniafour [F. enflata, Sagitta minima (Grassi), P.
euneritica (Alvarifio), and Decipisagitta decipiens
(Fowler)] of the 17 Chaetognatha species are widely
distributed in the region while Flaccisagitta hexaptera
(D’Orbigny), Aidanosagitta neglecta (Aida),
Zonosagitta bedoti (Beraneck) (all them originally
included in the genus Sagitta), and Krohnitta pacifica
Ritter-Zahony of tropical affinity were detected only in
the mouth of the gulf (Alvarifio, 1969). At Banderas
Bay, located south of IMA region, the most common
Chaetognatha species were P. euneritica, A. neglecta,
F. enflata, Z. bedoti, Serratosagitta pacifica (Tokioka),
S minima, and K. pacifica.

Thus, with few exceptions, most of the taxonomic
species group defines IMA zooplankton species
assemblage as a neritic tropical habitat. However, IMA
insular waters seem to have mesotropic conditions
proper of offshore waters rather than relatively more
productive coastal waters from Cape Corrientes coast
because tropical waters from the TEP influenced the
IMA region. Zooplankton biovolume at IMA (mean 63
mL 1000 m3) was comparable with the zooplankton
biovolume range 50-100 mL 1000 m™ throughout the
year reported from oceanic epipelagic waters of the
TEP from a comprehensive large-scale integration of
historical data set (1955-2000) (Fernandez-Alamo &
Férber-Lorda, 2006). We sampled during the summer-
autumn period (November 2010), when Islas Marias
Archipelago usually have the lower phytoplankton
biomass productivity (LOpez-Sandoval et al., 2009) and
considerably lower zooplankton biovolume values than
those recorded from the central Gulf of California
during November 2005, and January and July 2007
(Table 1, same plankton sampling method) or from the
mouth of the Gulf of California and off Cape Corrientes
(>300 mL 1000 m®) observed during November 2005
and March 2007 (collected with Bongo oblique tows)
(Ledn-Chévez et al., 2010).

Oceanographic processes that enhance coastal-
insular zooplankton connectivity

Although the IMA is located relatively offshore (90-
120 km), thisis still located over the continental shelf
near and east of the shef-break. The similarity of
multiple neritic and tropical speciesin the zooplankton
assemblage from IMA and Cape Corrientes suggests
strong coastal-insular  zooplankton — connectivity.
However, which oceanographic processes enhance this
possible coastal-insular plankton connectivity? An
extensive literature review suggests that at least three

mesoscale oceanographic processes could be involved
in episodic events of continental-archipelago zoo-
plankton population connectivity:

1) Intense river’s plumes occurring during the
hurricane season (August-October) affect the
turbidity and increase Chl-a concentration
(probably also detected with surface salinity),
modifying also other physical and chemical
characteristics (Martinez-Flores et al., 2011) and,
more interestingly, sporadically transporting
plankton from Cape Corrientes coast toward
offshore waters. Thus, this process may facilitate
the coloni zation of meroplanktonic organismsinthe
IMA benthic and demersal habitats. For example, a
plume of river's discharges originated from
Acaponeta, San Pedro, Santiago, and Ameca,
detected in August 2004, covered an area of 44,000
km? reaching offshore regions, as far ~300 km
offshore from the Nayarit coastline surrounding the
IMA and Islalsabel (Martinez-Flores et al., 2011).

2) Althoughitisunlikely that the IM A region becomes
influenced by the regular seasonal coastal-
upwelling activity detected off Cape Corrientes
region (Ambriz-Arreola et al., 2012), because it is
located far beyond the 60-km distance of influence
that typically coastal upwelling events have (Bakun,
1996); recently it was proposed, with an altimeter
merged data series of 18 years (October 1992-
October 2010), a close connection of coastal wind-
forced upwelling with the generation of large
cyclonic and anticyclonic eddies (>10 weeks
duration, mostly cyclonic) in the Cape Corrientes
region that travel offshore with southwest direction
inthe TEP (Kurczynet al., 2012). Mesoscale eddies
in this region also can be formed through baroclinic
instabilities of the near-coastal currents (Pantoja et
al., 2012), interaction of the large-scale circulation
with the bottom topography (Kurian et al., 2011),
local wind-forcing (Pares-Sierra et al., 1993), or
coastally trapped waves of equatorial origin
(Zamudio et al., 2001, 2007). These long-lived
eddies were mainly nonlinear and therefore can
redistribute coastal waters relatively far into the
open ocean. Cyclonic and anticyclonic eddies in
TEP region influence retention and transport of
zooplankton offshore (Fernandez-Alamo & Férber-
Lorda, 2006), like fish larvae (Ledn-Chéavez et al.,
2010) and krill species assemblages (Férber-Lorda
et al., 2004, 2010).

3) Another seasonal process that can strongly
influence IMA insular zooplankton is a summer
intense coastal poleward current of 90-180 km wide
and 250-400 m deep with surface speed between
0.15and0.35 ms?!(Lavinetal., 2006). This process
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may explain why zooplanktonic fauna at IMA
region during November 2010 was mostly formed
by tropical affinity species, rather than having a
large proportion of fauna from the northern
subtropical Gulf of California (Mundhenke, 1969;
Brinton, 1979; Brinton et al., 1986; Fernandez-
Alamo & Farber-Lorda, 2006).

All these three oceanographic processes might
explain why insular plankton have a large component
of neritic tropical zooplankton rather than typically
oceanic plankton affinity that usually occur at region
>70 km offshorein the Gulf of California.

Potential methodological biases

Although the present study was far to be
comprehensive (11 samples collected only during
November 2010), this was done in the IMA restricted
access zone (a really difficult site to sample due the
existence of a Federal Prison at Isla Madre) and
provided an interesting new perspective about the
zooplankton neritic and tropical affinity (due the
uncommon effort to gather taxonomic experts on 12
taxonomic zooplankton groups). However, the present
study has several methodological limitations that must
be taken into account. 1) It is evident that seasonal
contrasting sampling must be done if we want to
understand seasonal community structure variability,
reproductive periods, aswell as population attributes of
zooplankton fauna that interact with near-shore benthic
and nektonic fauna that inhabit the Islas Marias
Archipelago. 2) Near-surface plankton net tow
sampling effort likely underestimate rel ati ve abundance
and species diversity of epibenthic plankton like
mysids. During several scuba diving carried out in
rocky and rhodolith seafloor in November 2010, we
observed dense epibenthic mysid swarms that seem to
play a relevant trophic function for demersal and
benthic local zooplanktophagous predators. 3) The
IMA fish larvae species and morph composition must
be biased toward a seasonal reproductive of some fish
species. Even though, this study provided evidence that
may complement other studies done in this archipelago
in the future. It was interesting that several fish species
recorded in the present study as larvae were not
included in the juvenile and adult species checklist
from Islas Marias (Erisman et al., 2011). The present
work increased the fish species list in the IMA with
larvae of the families: Clupeidae (Opisthonema sp. 1);
Phosichthyidae [Vinciguerria lucetia (Garman)];
Myctophidae [Benthosema panamense (Taning)];
Bregmacerotidae (Bregmaceros bathymaster Jordan &
Bollman); Serranidae (Ephinephelus analogus Gil,
Paralabrax loro Walford, Paranthias colonus
Valenciennes); Ammodytidae [Ammodytoides gilli
(Bean)]; Tripterygiidae [Enneanectes nigricaudus

(Allen & Robertson), E. reticulates Allen & Robertson,
E. sexmaculatus (Fowler)];  Dactyloscopidae
[Dactyloscopus pectoralis Gill, Gillellus semicinctus
Gilbert, Heteristius cinctus (Osburn & Nichols)];
Labrisomidae [ Dialommus macrocephal us (Gunther)];
Chaenopsidae (Acanthemblemaria crockery Beebe &
Tee-Van), Scombridae (Auxis sp. 1); Nomeidae
(Psenes sio Haedrich), and Paraichthydae
(Citharicthys platophrys Gilbert). Clearly, these
differences obey that adults of such species typically
inhabit meso-pelagic, neritic, bentho-pdagic, or
oceani ¢ habitats not covered observed during the diving
surveys reported in Erisman et al. (2011).

Although estimate species diversity is one of the
most common topics in marine ecology this endeavor
requires an enormous amount of taxonomic expertise
knowledge to identify the entire community of
organisms that interact each other in this habitat. In the
present study we attempted, from a modest sample size,
identify as precise as possible most of the zooplankton
assemblage of thetropical 1slas Marias Archipelago. As
a region not previousy studied we found a large
proportion of fish larvae not previously observed at
ichthyoplanktonic surveys done along the west coast of
Baja California Peninsula, Gulf of California, or Cape
Corrientes regions during the more three decades of
research (1980 to 2014) (Aceves-Medina et al., 2003,
2004; Franco-Gordo et al ., 1999, 2004; Aceves-Medina
et al., 2003, 2004; Funes-Rodriguez et al., 2011; Silva-
Segundo et al., 2008; Ledn-Chavez et al., 2010; Funes-
Rodriguez et al., 2011; Avendafio-lbarra et al., 2013,
2014). These are most likely fish larvae of benthic or
demersal coastal fish species, which larval description
and taxonomy isstill highly fragmented (Brogan, 1992;
Moser, 1996). Fish larvae descriptions from species
distributed in the Colombian Pacific were particularly
useful in the present study (Beltran-Ledn & Rios
Herrera, 2000), indicating the tropical zoogeographic
affinity of ichthyoplanktonic fauna collected at IMA.
This lack of taxonomic knowledge is prevalent in
numerous taxonomic groups in Mexican waters
(particularly in tropical habitats) like Decapoda,
Mysidacea and all eight taxonomic groups not
identified here to species level (Table 2). Therefore,
define precisely the zooplankton assemblage at IMA, or
in general in the Mexican TEP region, is currently an
enormous scientific and taxonomic challenge if we
want to understand how this small tropical Archipelago
interact with processes responsible of self-maintained
productivity and plankton population connectivity of
this Archipelago with coastal and offshore ecosystems.

CONCLUSIONS

Insular near-shore zooplankton faunafrom Islas Marias
Archipelago (IMA) is dominated, in November, by
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species not typically captured in offshore regions of the
central and northern Gulf of Californiaregions, but they
seem to be quite similar to coastal zooplankton
assemblage from Cape Corrientes region. These results
suggest that IMA has considerably zooplankton
connectivity with the Mexican mainland coast. The
most likely mesoscale oceanographic processes
responsible of this coastal-insular plankton connec-
tivity could be episodic plumesfrom river runoff during
the seasonal hurricane season, during rainy years,
eddies generated by coastal upwelling, and coastal
polarward currents that result in an overall plankton
drift from Cape Corrientes coast toward offshore
waters. Five tropical and neritic copepod species and a
Cladocera, Pseudoevadne tergestina dominate
zooplankton species assemblage suggesting these
species have a relevant tropho-dynamic role at coastal
and insular habitats being available for planktophagous
predators from the islands. Because ichthyoplankton
(egg and larvae), mallusks and Decapoda taxonomy is
poorly known in a taxonomic perspective, this
represent an interesting investigation field to discover
and describe the diverse cryptic, demersal, and benthic
species  community reported from this tropical
Archipelago.
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