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Abstract. The holoplanktonic mollusks (Mollusca, Pteropoda and Pterotrachoidea) are independent and key
groups of organisms in any marine ecosystem due to the role they play in the carbon and energy transfer along the
marine trophic webs. We document the species of holoplanktonic mollusks collected in the surface waters (10 m
depth) during an oceanographic expedition in the Campeche Canyon, southern Gulf of Mexico, during the Febru-
ary 2011 winter storm (“Nortes”) season. Organisms were collected using a close/open/close net system. Eighteen
species belonging to 12 genera and nine families of pteropods were identified. Three species of Pterotrachoidea
were identified. Limacina trochiformis (d’Orbigny, 1835), Heliconoides inflatus (d’Orbigny, 1835), and Creseis con-
ica (Eschscholtz, 1829) were the species with highest density values (600.3, 678.5, and 746.8 ind - 100 m™, respec-
tively). The results presented here contribute to the knowledge of this group of organisms in oceanic waters of the
southern Gulf of Mexico, especially during a time of year where observations are scarce.
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Introduction are two independent and key groups in all marine eco-
systems due to the role they play in the carbon and ener-
gy transfer along marine trophic webs (Lalli and Gilmer
1989; Burridge et al. 2017). These organisms constitute
a direct link between the primary consumers and the
organisms located at the lowest trophic levels mainly

because they have diverse feeding habits (herbivores,

Zooplankton includes a heterogeneous and diverse het-
erotrophic group of organisms distributed along the
water column in worldwide oceans and these organ-
isms play a pivotal role in the sequestration, capture,
and sinking of carbon towards the interior and bottom

of the oceans (Brierley 2017).

As part of the marine zooplankton communities, the
holoplanktonic mollusks Pteropoda and Pterotrachoi-
dea (commonly named as heteropods or sea elephants)

omnivores, or carnivores) (Vaske et al. 2012; Wall-
Palmer et al. 2016). Also, due to their size (0.5-5 mm),
they are attractive prey for organisms of higher trophic
levels, such as fishes, marine turtles, and even whales
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(Lalli and Gilmer 1989; Moreno-Alcéntara et al. 2017).
These complex interactions allow these organisms to
contribute significantly to the carbon flux throughout
the water column, which also helps to the correct func-
tioning of the biological/carbon pump (Le Quéré et al.
2005). Besides, they are important due to their contri-
bution to the carbon cycle through developing shells
rich in aragonite, which is useful as an indicator of wa-
ter masses and in studies of marine sediments (Wall-
Palmer et al. 2016; Peijnenburg et al. 2020). Pteropoda
and Pterotrachoidea are protandrous hermaphrodites,
with a reproductive system where individuals mature as
males, but later may reproduce as females. This makes
the identification of sex complex, and additionally the
reproductive organs are located inside their aragonite
shells (Lalli and Gilmer 1989).

In the last decade, studies on the holoplanktonic
mollusks of the southern Gulf of Mexico have shown
that these organisms are keystone species in the pelagic
ecosystem, where they occur in high densities and high
species richness. For example, Sanvicente-Afiorve et
al. (2013) analyzed the vertical distribution of five gen-
era of holoplanktonic mollusks (Cavolinia, Diacavolin-
ia, Diacria, Oxygyrus, and Clio) based on zooplankton
samples collected in neritic waters of the southern gulf
during May and November. They reported that juve-
niles of Cavolinia, Diacavolinia, and Oxygyrus inhab-
it the surface layer between the surface and depths of
18 m, while Diacria and Clio were more abundant at
45-105 m deep. Lemus-Santana et al. (2014a, 2014b)
identified 14 species of heteropods and 27 species of
pteropods in samples collected in the neritic epipe-
lagic layer of the southern Gulf of Mexico during May
and November. More recently, Lopez-Arellanes et al.
(2018) recorded more than 30 species of pteropods in
136 oblique hauls with Bongo nets done in the shelf wa-
ters of the southern Gulf of Mexico during 2006 and
2010 springs, which showed a high abundance in the
neritic zone influenced by river discharges. These stud-
ies so far made possible to advance in the knowledge of
these organisms. However, most studies have focused
on the neritic zone (<200 m in depth) and mainly dur-
ing the warmest months of the year, from May to Au-
gust. Therefore, there are gaps in the knowledge of the
community structure of these organisms in the deep
waters of the Gulf of Mexico as well as during the cold-
est months of the year.

We present the composition of holoplanktonic mol-
lusks (Pteropoda and Pterotrachoidea), both shelled
and unshelled, in waters of the Campeche Canyon,
southern Gulf of Mexico, during February in the Nortes
season. To the best of our knowledge, these results rep-
resent the first observational report of these organisms
in the Campeche Canyon in a season when winds and
waves are extreme and which make sampling activities
challenging. Our objective is to add to the knowledge
on the diversity of these groups of organisms; this can
help advance our understanding of the Gulf of Mexico,
which is recognized as a “large marine ecosystem” (a
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region of the world’s oceans characterized by distinct
bathymetry, hydrography, and high productivity levels
following Sherman and Hempel 2009) and contribute
to actions for better management strategies of the Gulf.
This is certainly relevant nowadays when there is an in-
creasing deterioration trend of marine ecosystems as
a result of anthropogenic pressures. Among them, de-
oxygenation and acidification scenarios in the Gulf of
Mexico (Lunden et al. 2014) represent a potential risk
for these groups of organisms mainly affecting the cal-
cification of their fragile aragonite shells (Mekkes et al.
2021; Wall-Palmer et al. 2021). Therefore, studies that
document the holoplanktonic mollusks communities
are necessary. The list presented here also represents
a valuable dataset addition to the holoplanktonic mol-
lusks of southern Gulf of Mexico, in particular for the
oceanic waters.

Study Area

The Gulf of Mexico is a marginal sea located in the
North American Continent between 18-30°N and 84—
100°W (Fig. 1, top panel). It is an ecosystem recognized
for its high biological diversity, which supports a wide
variety of species of high ecological and commercial
value. This is one of the reasons why it has been includ-
ed in the list of the large marine ecosystems of the world
(Sherman and Hempel 2009).

The Campeche Canyon in the southern Gulf of Mex-
ico is a distinctive geomorphic feature of tectonic origin
with depths greater than 2500 m (Goff et al. 2016) (Fig.
1, bottom panel). The region is highly dynamic, where
the confluence of different oceanographic processes
at different scales (e.g., internal waves, eddies, fronts,
among others) exerts a significant influence on the
mixing/stratification conditions of the water column
and therefore on the supply of nutrients to the eupho-
tic layer benefiting phytoplankton and subsequently
zooplankton communities (Santiago-Arce and Salas de
Leén 2012; Durdan-Campos et al. 2017).

In climatic terms, three seasons characterize the
southern Gulf of Mexico, the dry season from March
to May, the rainy season from June to October, and the
winter storms season, locally called “Nortes” season,
from November to February. In this period, extreme and
persistent northerly winds occur (>80 km/h), which ex-
ert an important influence on the hydrographic condi-
tions of the water column (Ojeda et al. 2017). During the
summer, the surface temperature in the Campeche Can-
yon is ~30 °C, and the thermocline is located at approxi-
mately 40 m deep (Durdn-Campos et al. 2017), while in
winter, the surface temperature is ~24 °C and the ther-
mocline deepens to ~100 m (Arriola-Pizano et al. 2022).

Methods

Sampling. An oceanographic expedition (CANON-IV)
was carried during the Nortes season of 2011 (Febru-
ary 22-27) on board the R/V Justo Sierra owned by the
National Autonomous University of Mexico (UNAM,
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Figure 1. The Gulf of Mexico (top panel), the red rectangle shows the sampling site. The Campeche Canyon (bottom panel), +
symbols represent the sampling localities (stations). The bathymetry is shown in meters.

Spanish acronym). During this period, zooplankton
organisms were collected in a grid of 13 localities (sta-
tions) in the Campeche Canyon (Fig. 1, red “+” sym-
bols in the bottom panel). Zooplankton hauls were
made (day and night) using a close-open-close net sys-
tem (General Oceanics) with a conical net (opening di-
ameter 60 cm, 505 pm mesh size) and equipped with
a flowmeter (General Oceanics 2030R, calibrated both
pre- and post-cruise) located at the mouth. The sam-
pling was done at surface waters, that we considered at
10 m depth, which was determined by calculating the
cosine of the wire angle following standard specifica-
tions. Once 10 m depth was reached, the net was opened/
closed with manual brass messengers at the start and
finish of the haul. Each haul lasted 15 min. Once on
board, the net was carefully inspected and rinsed with
seawater, and the sample collected was fixed with a 4%
formaldehyde solution adding sodium borate as a buf-
fer. Afterwards the sample was transferred to glass bot-
tles with a 70% ethanol solution for final preservation
in dark conditions.

Laboratory analyses. In the laboratory, the holoplank-
tonic mollusks (Pteropoda and Pterotrachoidea), both

shelled and unshelled, were picked in a Petri glass dish
and observed with a Carl Zeiss Stemi 508 stereomi-
croscope equipped with a Zeiss Axiocam ERc. The or-
ganisms were identified to species, following the keys
of Richter and Seapy (1999), Van der Spoel and Dadon
(1999), Gasca and Janssen (2014), and Wall-Palmer et al.
(2018), compared and confirmed with online open-ac-
cess databases (e.g. the World Register of Marine Spe-
cies, the Biodiversity Heritage Library, the Tree of Life
web project, and local repositories such as the National
Commission for the Knowledge and Use of Biodiversity
[CONABIO, Spanish acronym)]). The abundance of each
species was standardized to density units (ind-100 m™)
following Harris et al. (2000). Finally, the specimens
were photographed in different planes and later pro-
cessed with the Helicon Focus software. Photographs
were finally edited with Adobe Photoshop software.

Results

Eighteen species belonging to 12 genus and nine fam-
ilies of pteropods were identified (Table 1). Limacina
trochiformis (d’Orbigny, 1835), Heliconoides inflatus
(d’Orbigny, 1835), and Creseis conica (Eschscholtz,
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1829) were the species with highest density values
(600.3, 678.5, and 746.8 ind-100 m™, respectively),
while Creseis virgula (Rang, 1828) showed the lowest
density value (only 2.0 ind-100 m=) (Table 1). Photo-
graphs of these organisms are shown in Figure 2.
Pterotrachoidea included three families and three
species. Firoloida desmarestia (Lesueur, 1817) was the
species with the highest density value (16.8 ind - 100 m~),
while Carinaria pseudorugosa (Vayssiere, 1904) was the
species with the lowest value (2.8 ind- 100 m™) (Table 1).
Photographs of these organisms are shown in Figure 3.

Pteropoda

Order Pteropoda Cuvier, 1804

Suborder Euthecosomata Meisenheimer, 1905
Superfamily Cavolinioidea Gray, 1850 (1815)
Family Cavoliniidae Gray, 1850 (1815)

Hyalocylis striata (Rang, 1828)
Figure 2A

Material examined. MEXICO . southern Gulf of Mexi-
co, Campeche Canyon; 21.24°N, 093.50°W; 10 m depth;
22.11.2011; E. Coria-Monter and E. Duran-Campos
leg.; preservation 70% ethanol; CC2011-1.

Identification. Animal to 0.8 cm long, with a transpar-
ent, uncoiled, fragile shell. Shell cylindrical and dor-
sally colored, circular in cross section. Visceral mass
visible through shell. Concave closing membrane punc-
tuated on surface.

Distribution. Nova Scotia to the Gulf of Mexico.

Styliola subula (Quoy & Gaimard, 1827)
Figure 2B

Material examined. MEXICO « southern Gulf of Mexi-
co, Campeche Canyon; 21.25°N, 093.00°W; 10 m depth;
23.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-2.

Identification. Animal to 1.3 cm long, with a complete-
ly transparent, uncoiled, needle-like shell. Upper part
of shell with a rib that projects like a cusp from aperture
rim. Surface with growth lines. Shell long, tubular, not
curved. Visceral mass visible through shell. Aperture
width in is smaller than shell diameter just posterior to
aperture. Triangular tooth may be found dorsally and
a triangular incision ventrally at the aperture border.

Distribution. Circumtropical.

Creseis conica (Eschscholtz, 1829)
Figure 2C

Material examined. MEXICO « southern Gulf of Mexi-
co, Campeche Canyon; 21.25°N, 092.49°W; 10 m depth;
23.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-3.

Identification. Animal to 0.6 cm long, with a transpar-
ent, uncoiled shell. Shell short, narrow, tube-shaped,
and not curved, and in cross section round. Aperture
diameter about 1 mm.

Distribution. Circumtropical.
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Creseis acicula (Rang, 1828)
Figure 2D

Material examined. MEXICO « southern Gulf of Mexi-
co, Campeche Canyon; 21.25°N, 092.25°W; 10 m depth;
23.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-4.

Identification. Animal to 4 cm long, with a transparent,
uncoiled shell. Shell extremely long and narrow, tube-
shaped, not curved, and round in cross section. Shell
not perfectly straight due to many small shape aberra-
tions caused by irregular growth. Shell surface smooth.
Visceral mass visible through shell.

Distribution. Circumtropical. Atlantic, pelagic (50°N-
40°8).

Creseis virgula (Rang, 1828)
Figure 2E

Material examined. MEXICO « southern Gulf of Mexi-
co, Campeche Canyon; 19.74°N, 093.00°W; 10 m depth;
26.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-5.

Identification. Animal to 0.7 cm long, with a transparent,
uncoiled shell. Shell slender, tube-shaped, and curved,
and in cross-section is round. Shell surface smooth.

Distribution. Circumtropical.

Cavolinia inflexa (Lesueur, 1813)
Figure 2F

Material examined. MEXICO .« southern Gulf of Mexi-
co, Campeche Canyon; 21.00°N, 092.25°W; 10 m depth;
23.11.2011; E. Coria-Monter and E. Durdan-Campos leg;
preservation 70% ethanol; CC2011-6.

Identification. Animal to 0.8 cm long. Shell transpar-
ent, with a flat dorsal and ventral side. Caudal spine
long and straight, and lateral spines well developed
on the middle of shell. Shell sculpture consists of faint
growth lines.

Distribution. Worldwide, pelagic; 45°N-45°S, 090°W-
000°W.

Cavolinia uncinata (d’Orbigny, 1835)
Figure 2G

Material examined. MEXICO « southern Gulf of Mexi-
co, Campeche Canyon; 20.74°N, 093.50°W; 10 m depth;
24.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-7.

Identification. Animal about 0.6 cm long. Shell trans-
parent, brownish. Lateral spines small, and caudal
spine curved and small. Dorsal and ventral sides strongly
vaulted so that shell length and shell thickness are equal.

Distribution. Virginia to Argentina.

Diacria danae (van Leyen & van der Spoel, 1982)
Figure 2H

Material examined. MEXICO . southern Gulf of
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0.5 mm

Figure 2. Pteropoda of the Campeche Canyon, southern Gulf of Mexico during winter storm (“Nortes”) season. A. Hyalocylis striata
(Rang, 1828). B. Styliola subula (Quoy & Gaimard, 1827). C. Creseis conica (Eschscholtz, 1829). D. Creseis acicula (Rang, 1828). E.
Creseis virgula (Rang, 1828). F. Cavolinia inflexa (Lesueur, 1813). G. Cavolinia uncinata (d'Orbigny, 1835). H. Diacria danae (van
Leyen & van der Spoel, 1982). I. Heliconoides inflatus (d'Orbigny, 1835). J. Limacina trochiformis (d'Orbigny, 1835). K. Limacina
lesueurii (d'Orbigny, 1836). L. Limacina bulimoides (d'Orbigny, 1835). M. Peracle reticulata (d’Orbigny, 1835). N. Desmopterus papilio
(Chun, 1889). 0. Pneumoderma violaceum (d'Orbigny, 1835). P. Diacavolinia constricta van der Spoel, Bleeker & Kobayasi, 1993. Q.
Paraclione longicaudata (Souleyet, 1852). R. Cavolinia inflexa inflexa (Lesueur, 1813).
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Mexico, Campeche Canyon; 20.24°N, 092.99°W; 10 m
depth; 25.11.2011; E. Coria-Monter and E. Duran-Cam-
pos leg; preservation 70% ethanol; CC2011-8.

Identification. Animal small, 0.2 cm or less long. Shell
red-brown, semi-transparent, and globular with round-
ed ventral and dorsal sides and well-developed ribs. Lat-
eral spines small. Dorsal lip arched and borders a very
narrow shell aperture. Ventral and dorsal sides heavily
vaulted and with striae near aperture lips. Caudal spine
mark oval.

Distribution. Circumtropical.

Superfamily Limacinoidea (Gray, 1840)
Family Heliconoididae (Rampal, 2019)

Heliconoides inflatus (d’Orbigny, 1835)
Figure 21

Material examined. MEXICO « southern Gulf of Mexi-
co, Campeche Canyon; 20.24°N, 092.50°W; 10 m depth;
25.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-9.

Identification. Shell small, 0.2 cm in diameter and dex-
trally coiled. Animal with large eyes and a single swim-
ming fin. Shell strongly flattened and keeled, with seven
whorls. Operculum monogyre.

Distribution. Tropical to subtropical.
Family Limacinidae (Gray, 1840)

Limacina trochiformis (d’Orbigny, 1835)
Figure 2]

Material examined. MEXICO . southern Gulf of Mex-
ico, Campeche Canyon; 20.00°N, 92.25°W; 10 m depth;
26.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-10.

Identification. Animal small, 0.1 cm in diameter. Shell
sinistral, 1 mm high x 0.8 mm wide. Spire highly coiled
and last whorl increases quickly in diameter. Shell with
five rapidly growing whorls separated by a clear suture.
Apical angle 75-96° (average 84°). Shell color white to
light purple; thicker parts along columella and upper
apertural lip purple-brown. Aperture relatively small.
Wing protrusions absent.

Distribution. Massachusetts to Brazil.

Limacina lesueurii (4’Orbigny, 1836)
Figure 2K

Material examined. MEXICO . southern Gulf of Mexi-
co, Campeche Canyon; 19.74°N, 093.00°W; 10 m depth;
26.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-11.

Identification. Shell small, 0.1 cm in diameter, and
sinistral. Spire depressed. Last whorl increases very
quickly in diameter. Whorls 4%, colorless, and trans-
parent. Umbilicus narrow and deep. Spiral striation
around umbilicus, but remaining parts of shell smooth.
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Distribution. Massachusetts to Brazil.

Limacina bulimoides (d’Orbigny, 1835)
Figure 2L

Material examined. MEXICO « southern Gulf of Mexi-
co, Campeche Canyon; 19.74°N, 093.49°W; 10 m depth;
26.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-12.

Identification. Shell small, 0.2 cm in diameter, sinis-
tral. Spire blunt, highly coiled. Whorls more than six,
colorless and transparent. Thicker parts of shell near
aperture brownish. No umbilicus. Shell smooth except
for faint growth lines.

Distribution. Bermuda; New York to Florida; Quintana
Roo, Mexico; Venezuela, Cuba, and Brazil.

Peracle reticulata (d’Orbigny, 1835)
Figure 2M

Material examined. MEXICO « southern Gulf of Mex-
ico, Campeche Canyon; 21.24°N, 93.50°W; 10 m depth;
22.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-13.

Identification. Shell 0.6 cm long, sinistral. Whorls five.
Suture deep suture. Spire not depressed. Keel present
but does not form a at the aperture. Aperture wide and
oval, with its pointed towards the keeled rostrum. Shell
surface with regular reticulate sculpture, without radial
ridges. Wings fused into a swimming plate.

Distribution. Circumtropical.

Desmopterus papilio (Chun, 1889)
Figure 2N

Material examined. MEXICO « southern Gulf of Mex-
ico, Campeche Canyon; 21.25°N, 92.25°W; 10 m depth;
22.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-14.

Identification. Animal shell-less, very small; diame-
ter of swimming disc only 0.4 cm. Wings disc-shaped
and transparent except for a few muscle fibers. Viscer-
al mass forms an opaque appendix curved around the
swimming disc. Besides median lobe, disc has two long
tentacles. No separate proboscis.

Distribution. Circumtropical.

Pneumoderma violaceum (d’Orbigny, 1835)
Figure 20

Material examined. MEXICO . southern Gulf of Mexi-
co, Campeche Canyon; 20.24°N, 092.50°W; 10 m depth;
25.11.2011; E. Coria-Monter and E. Durdan-Campos leg;
preservation 70% ethanol; CC2011-15.

Identification. Animal shell-less, to 1.3 cm long, pur-
plish, with rather transparent cylindrical body. Visceral
mass visible through body wall.

Distribution. Circumtropical.



1328

Diacavolinia constricta van der Spoel, Bleeker &
Kobayasi, 1993
Figure 2P

Material examined. MEXICO .« southern Gulf of Mexi-
co, Campeche Canyon; 19.74°N, 093.00°W; 10 m depth;
26.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-16.

Identification. Animal to 0.6 cm long. Shell with a flat
dorsal side with moderately developed ribs. Ventral side
vaulted. Caudal spine not present, and no caudal spine
mark present where ventral and dorsal sides grow to-
gether. Lateral spines small.

Distribution. Circumtropical.

Paraclione longicaudata (Souleyet, 1852)
Figure 2Q

Material examined. MEXICO . southern Gulf of Mexi-
co, Campeche Canyon; 20.75°N, 092.49°W; 10 m depth;
24.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-17.

Identification. Animal shell-less, to 1 cm long, with a
slender, oval, mainly transparent body. Visceral mass
visible through body wall. Posterior foot lobe small or
absent. Two pairs of buccal cones present.

Distribution. Worldwide.

Cavolinia inflexa inflexa (Lesueur, 1813)
Figure 2R

Material examined. MEXICO . southern Gulf of Mexi-
co, Campeche Canyon; 20.74°N, 093.50°W; 10 m depth;
24.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-18.

Identification. Animal to 0.8 cm long. Shell with flat
dorsal and ventral sides. Caudal spine long and straight.
Lateral spines well developed on middle of shell. Shell
transparent and sculptured with faint growth lines.

Distribution. Worldwide.

Pterotrachoidea

Order Littorinimorpha Golikov & Starobogatov, 1975
Superfamily Pterotracheoidea

Family Atlantidae Rang, 1829

Oxygyrus inflatus (Benson, 1835)
Figure 3A

Material examined. MEXICO « southern Gulf of Mexi-
co, Campeche Canyon; 21.25°N, 092.49°W; 10 m depth;
23.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-19.

Identification. Shell large, 1 cm in diameter, dextral,
brown, and rounded with a broad, flat keel. Keel and
teleoconch not calcareous but formed of cartilage-like
substance. Only one whorl visible, other whorls visible
in umbilicus. Nucleus of operculum strongly eccentric.
Animal with large eyes and a single swimming fin.

Distribution. Atlantic, Indian, and Pacific Oceans.
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Family Carinariidae

Carinaria pseudorugosa (Vayssiére, 1904)
Figure 3B

Material examined. MEXICO s« southern Gulf of Mexi-
co, Campeche Canyon; 20.00°N, 092.25°W; 10 m depth;
26.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-20.

Identification. Animal to 4 cm long, with a distinctive
ventral pair of reddish-brown hemispherical structures.
Body cannot be withdrawn into shell. Shell low-conical
with a high keel. Only broad triangular visceral nucleus
darkly pigmented. Eyes large, with black retina. Mouth
organs clearly seen. Intestine frequently full and visible.
Body long, cylindrical, and with one swimming fin.

Distribution. Atlantic, west of the Azores, surface
water.

Family Pterotracheidae

Firoloida desmarestia (Lesueur, 1817)
Figure 3C

Material examined. MEXICO « southern Gulf of Mexi-
co, Campeche Canyon; 21.24°N, 093.50°W; 10 m depth;
22.11.2011; E. Coria-Monter and E. Durdn-Campos leg;
preservation 70% ethanol; CC2011-21.

Identification. Animal to 4 cm long, with body almost
completely transparent. Visceral nucleus terminal on
long trunk, followed by a very short ventral tail and ei-
ther a permanent egg string (in females) or a tail fila-
ment (in males). Prominent tentacles and a fin sucker
present in males but absent in females.

Distribution. Cosmopolitan. Tropical to subtropical
waters.

Discussion

Our study showed high species richness (18 species of
Pteropoda, and three species of Pterotrachoidea) and
densities of the holoplanktonic mollusks in waters of
the Campeche Canyon. In terms of relative density,
three species of pteropods (Creseis conica, Heliconoides
inflatus, Limacina trochiformis) dominated the holo-
planktonic mollusk fauna. Our findings agree with in-
vestigations by Lemus-Santana et al. (2014a, 2014b) and
Lépez-Arellanes et al. (2018), who studied Pteropoda
and Pterotrachoidea in neritic waters on the continen-
tal shelf of the southern Gulf of Mexico in different cli-
matic seasons.

In one of the earliest studies on this group of or-
ganisms in the southern Gulf of Mexico, Sudrez and
Gasca (1992) highlighted the scarcity of data from oce-
anic waters of the Gulf during the coldest months of the
year; they reported 15 species collected in January. In
this month, Creseis acicula was the predominant spe-
cies (42.0% relative density), followed by Limacina in-
flata (now called Heliconoides inflatus) (32.2%), L.
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Figure 3. Pterotrachoidea of the Campeche Canyon, southern Gulf of Mexico during a winter storm (“Nortes”) season. A. Oxygyrus
inflatus (Benson, 1835). B. Carinaria pseudorugosa (Vayssiére, 1904). C. Firoloida desmarestia (Lesueur, 1817).

trochiformis (9.81%), and Cavolinia longirostris longiros-
tris (now called Diacavolinia longirostris) (4.47%).
Later, Sudrez (1994) confirmed a high number of
species of the genus Cavolinia (13 species), followed by
Limacina and Creseis (five species). More recently, San-
vicente-Afiorve et al. (2013) documented the vertical
distribution of five genera of holoplanktonic mollusks
inhabiting the upper layer of neritic waters (<200 m
depth) of the southern Gulf of Mexico during May and
November (Cavolinia, Diacavolinia, Diacria, Oxygyrus,
and Clio), showing that adults had a greater overlap in
their distribution in the water column than juveniles. In
the southern Gulf of Mexico, Flores-Coto et al. (2013)
studied the community structure in coastal waters in-
fluenced by river discharges during the summer and
reported that three pteropod species, Creseis acicula f.
acicula, C. acicula f. clava, and Limacina trochiformis,
constituted more than of 90% of the total density.
Lemus-Santana et al. (2014a, 2014b) identified 14
species of heteropod mollusks in samples collected in
the neritic epipelagic layer of the southern Gulf of Mex-
ico during May and November. In their study Atlanta
lesueurii, A. gaudichaudi, Firoloida desmarestia, A. sel-
vagensis were dominant; in terms of pteropods, they
recorder 27 species with Creseis clava, Heliconoides
inflatus, L. trochiformis and C. virgula being the most
abundant. Other studies undertaken in the shelf waters
of the southern Gulf of Mexico during 2006 and 2010
springs found over 30 species, with Creseis conica, Li-
macina trochiformis, Creseis acicula and Heliconoides
inflatus the most abundant species (Lopez-Arellanes et
al. 2018). The number of species reported in these pre-
vious studies are higher than that reported by us; how-
ever, our sampling strategy was different. For example,
they used Bongo nets hauls to collect organisms at the
surface to a depth of 200 m, so they sampled a larger
water column, which could explain the differences in

the species collected. Another difference is that we car-
ried out our study in oceanic waters, instead of in shelf
waters.

Recent studies (e.g. Peijnenburg et al. 2020; Wall-
Palmer et al. 2021) have pointed out the importance of
the holoplanktonic mollusks in the marine ecosystem
and have highlighted the need for more study given the
potential risk posed by anthropogenic threats. Ocean
acidification is one such serious threat, as it has a direct
negative effect on the fragile aragonite shells of holo-
planktonic mollusks (Mekkes et al. 2021).

It is important to keep in mind that the species com-
position and densities reported by us only represent
collections made at 10 m deep. This substantially dif-
fers from commonly used methods elsewhere around
the world (e.g. Burridge et al. 2017) and in the south-
ern Gulf of Mexico waters (e.g. Lopez-Arellanes et al.
2018) and does not allow robust comparisons between
our study and those of other authors. Nonetheless, our
results significantly contribute to the knowledge of ho-
loplanktonic mollusks in waters of the Campeche Can-
yon at a depth of 10 m. Depth-specific sampling, such
as ours, cannot be obtained with the traditional Bongo
net method that samples the whole water column (sur-
face to 200 m depth) and does not accurately provide
data on vertical distributions of holoplanktonic mol-
lusks. Holoplanktonic mollusks undergo daily verti-
cal migrations down to 200 m, so future studies should
contemplate collecting these organisms in the meso-
pelagic zone to get better data on their vertical distri-
bution. Density values for some species in our study
(Table 1) seem higher (even despite not having consid-
ered species in the genus Atlanta, Clio, Cymbulia, and
Corolla which usually are an important component of
the community structure of the holoplanktonic mol-
lusks) compared to other regions of the world, such as
the Atlantic Ocean (e.g. Burridge et al. 2017). These
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differences may be due to differing hydrodynamic pro-
cesses in the Gulf of Mexico at different scales, includ-
ing internal waves, fronts, meanders, and eddies, which
promote higher biological productivity. During the
winter storm “Nortes” season, when we did our sam-
pling, strong northerly winds generate intense mixing
of the water column, which ensures the supply of nu-
trients in the surface layers, generating a high phyto-
plankton production. This can trigger a bottom-up
mechanism that benefits multiple organisms at differ-
ent trophic levels (including holoplanktonic mollusks)
and may explain the high density values reported here.

In terms of composition, our results agree with
Sudrez and Gasca (1992) and Sudrez (1992), who re-
ported between 15 and 18 species of pteropods in the
southern Gulf of Mexico. However, our study show a
lower species richness than by other researchers, who
reported a more than 25 species in neritic waters of the
continental shelf (Lemus-Santana et al. 2014 a, 2014b;
Lépez-Arellanes et al. 2018). These differences in spe-
cies richness may be influenced by: the sampling meth-
od and the greater water column sampled, the greater
number of research cruises and sampling stations, and
the location in neritic waters having freshwater dis-
charges and higher organic matter.
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