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Macrofauna abundance and
diversity patterns of deep sea
southwestern Gulf of Mexico

Octavio Quintanar-Retama™**, Ana Rosa Vazquez-
Bader! and Adolfo Gracia™

tUniversidad Nacional Autonoma de México (UNAM), Instituto de Ciencias del Mar y Limnologia,
Unidad Académica Ecologia y Biodiversidad Acudtica, México, Mexico, ?Posgrado en Ciencias
Biologicas, Unidad de Posgrado, CDMX, Mexico

The diversity and distribution of macrofaunal communities in the deep-sea bottoms
of Gulf of Mexico (GoM) Mexican waters are poorly known compared to the northern
GoM. This study was designed to contribute to the knowledge of macrofauna
communities through (i) evaluate the taxonomic composition of macrofauna
communities at major taxa level, and (i) analyze the spatial distribution patterns in
the deep sea of the southwestern GoM. Benthic macrofauna composition was
analyzed in a large geographical area (92.67°-96.70° W 18.74°-23.04° N) and
bathymetric gradient (185-3740 m depth). Samples were collected on board the
R/V Justo Sierra (Universidad Nacional Autbnoma de México) with a Reineck-type
box corer during the oceanographic cruises SOGOM-3 and SOGOM-4 carried out
on April 21-May 15, 2017, and on August 29-September 20, 2018, respectively.
Thirteen environmental parameters were measured (@mong them, depth, salinity,
temperature, O2, sediment grain size, hydrocarbons, and organic matter). Twenty-
five taxa were registered in SOGOM 3 (2315 individuals) all of which were observed in
SOGOM 4 (1721 individuals) with exception of the mollusk Class Solenogastres. The
average abundance (ind. m™) registered was 517 (range: 150-1388 ind. m™2), and 347
(range: 38-1088 ind. m™) for SOGOM 3, and SOGOM 4, respectively. In SOGOM 3
Polychaeta, Nematoda, Amphipoda, Tanaidacea, and Bivalvia contributed with 75%
of the total abundance, which were also the most abundant in SOGOM 4
representing 82% of total macrofauna abundance. Highest abundance was
registered to the south of the study area near the coast, and the lowest one was
found in deeper areas. Macrofauna abundance decreased with depth in both cruises.
High diversity values were registered at intermediate depths in the south and west
zones of the study area. Both cruises separated in a nMDS analysis. During SOGOM 3
dissolved oxygen, aromatic hydrocarbons, and organic matter (%) were the
environmental variables related to macrofauna whereas, in SOGOM 4, depth was
the most important one. This study fills a gap in the knowledge of diversity and
distribution of macrofaunal communities of the deep-sea bottoms of a large area
covering the whole bathymetric range of southern Gulf of Mexico and provides a
baseline useful to compare with polluted areas and for assessing the impact of
chronic pollution and/or potential oil spill accidents.
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1 Introduction

The deep sea greater than 200 m depth (Gage and Tyler,
1991; Fiege et al., 2010) represents 90% of the planet oceans. This
ecosystem has unique characteristics like high hydrostatic
pressure, low temperature conditions, and scarce and
intermittent food availability (Gage and Tyler, 1991; Ramirez-
Llodra et al., 2010; Danovaro et al.,, 2014). The substrate of this
ecosystem is mostly composed of soft sediments (Gray, 2002).
Consequently, the soft deep sea bottoms benthic macrofauna
communities constitute one of the largest faunal assemblages on
the planet in terms of area covered (Snelgrove, 1998). These
communities are integrated of metazoans with a length of less
than 1.5 cm which are retained on a mesh size sieve between 250
and 500 um (Hessler and Jumars, 1974; Rex, 1981; Gage, 2001;
Rex et al.,, 2006). Typically, a dozen phyla are the most frequent
(Grasle, 1991). Polychaetes, peracarid crustaceans, and mollusks
stand out for their importance in terms of abundance and
diversity (Grassle and Maciolek, 1992; Brandt et al.,, 2018).
They participate in the secondary production, bioturbation,
and bio-irrigation sediment processes (Snelgrove, 1998; Zhang
et al,, 2010), contributing to the transport, burial, and pollutant
absorption (Snelgrove, 1998; Banta and Andersen, 2003). Once
the pollutants are ingested by organisms, they can be
bioaccumulated and hence could affect entire food chains
(Somero, 1992). Also, they take part in the organic matter
(OM) sink process and oxygen transport to subsurface layers
(Crawshaw et al., 2019) promoting bacterial activity (Parkes
et al., 1994). Moreover, they affect sediment transport through
the increase of system’s susceptibility to erosion (Grant et al.,
1982), and can also modify fine sediment by feeding and
transforming it into larger defecated pellets, thereby increasing
the porosity of soft bottoms. Thus, the contribution of this
communities in biogeochemical cycles through nutrients
recycling, ecological interactions, and environment
transformation is fundamental for sustaining the deep sea, and
the global oceanic ecosystem.

According to Qu et al. (2016), the distribution of benthic
communities in the deep sea of the Gulf of Mexico (GoM) are
quite well known and it is possible to predict the abundance,
species composition, and biodiversity depending on the locality,
and depth. Several studies have been carried out in the northern
gulf (Rowe et al., 1974; Pequegnat et al., 1990; Baguley et al,
2006a; Baguley et al., 2006b; Baguley et al., 2008; Wei et al,
2010a; Wei et al., 2010b; Sharma et al., 2011; Wei et al., 2012b;
Wei et al., 2012a; Carvalho et al., 2013). The macrofauna
abundance tends to decrease with increasing depth. This has
been reported in other seas (Baldrighi et al, 2014), in the
northern Gulf of Mexico (Wei et al., 2012a) and within the
study area (Escobar-Briones et al., 1999). On the other hand,
diversity frequently exhibits a bathymetric pattern with lowest
values in the upper bathyal and abyssal regions and highest ones
at intermediate depths (Rex, 1981; Ramirez-Llodra et al., 2010;
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Wei and Rowe, 2019). Despite of these general patterns, other
trends have been reported, frequently in studies based on the
analysis of transects (Pérez-Mendoza et al., 2003). These changes
usually were associated with horizontal variations of some
abiotic factors such as sedimentation rate or organic matter
content. However, there are only a few studies on deep-sea
macrofauna communities in the Exclusive Economic Zone of
Mexico (but see, Escobar-Briones et al., 2008; Escobar-Briones
et al., 1999; Salcedo et al., 2017, Hernandez-Avila et al.,, 2021).
So, the diversity and distribution of macrofaunal communities in
the deep-sea bottoms of GoM Mexican waters are poorly known
compared to the northern GoM. Recently there is a renewed
interest to study the GoM and have a comprehensive knowledge
of the whole Large Ecosystem and its responses to different
stressors. Among them, oil spills like the two mega oil spills
occurred in the GoM (Ixtoc 1, 1979-1980 and DHW, 2010).
Events of this magnitude could be repeated and are of great
concern due to the impacts on deep-water ecosystem (Murawski
et al,, 2020; Pulster et al., 2020; Reuscher et al., 2020; Schwing
et al., 2020). This study was designed to contribute to the
knowledge of macrofauna communities through (i) evaluate
the taxonomic composition of macrofauna communities at
major taxa level, and (ii) analyze the spatial distribution
patterns in the deep sea of the southwestern GoM. Data
obtained of the large bathymetric and geographic range
covered in the southern GoM will contribute substantially to
the knowledge of macrofaunal communities in this poor studied
area supplying unique information for understanding the GoM
as a whole ecosystem. Besides it will provide a baseline data that
could be useful to evaluate the impact of man driven activities
such as accidental oil spills and/or long-term ecosystem changes.

2 Materials and methods

2.1 Study area

The Gulf of Mexico is one of the most productive and diverse
Large Marine Ecosystems of the world (Kumpf et al.,, 1999)
bordered by three nations (US, Cuba, and Mexico). It has an area
of about 1,540,000 km2 (Ward and Tunnell, 2017) and a
maximum depth near to 4000 m in the central area and the
Sigsbee Canyon (Darnell, 2015). Most of the GoM (65%) are
deep waters of which 42% corresponds to continental slope
(200-3000 m) and 24% to abyssal plains (> 3000m) (Ward and
Tunnell, 2017). More than a half of its surface area (55%) is
Mexican Economic Exclusive Zone. Deep Gulf bottoms are
mainly composed by mud from terrigenous and biogenic
origin. The Loop Current coming from the Caribbean Sea
determines the Gulf circulation pattern. This current enters
through the Yucatan Channel, leaves trough the Florida Straits
and produces several cyclonic-anticyclonic gyres of different
scales depending on the wind and pressure effects
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(Monreal-Gomez and Salas-de-Ledn, 1997). A general net
current flows in a West-North-East direction around the Gulf
from Campeche Bank to Florida (Monreal-Gomez et al., 2004).
Although there is a large number of field and numerical studies
carried out over decades in the Gulf of Mexico, the behavior of
the Loop Current and the conditions that generate the
detachment of the eddies traveling towards the east of the Gulf
still lack studies to be predicted with accurate precision. Three
important gaps have been pointed out: 1) the non-existence of
measurements of the physical oceanographic characteristics (e.g.
currents and temperature) in the entire area, in the long term
and in the entire water column including atmospheric data of
the air-sea interface, 2) the lack of comprehensive measurements
of inflows, outflows, counterflow, and underflow and 3) the
interaction of the loop current system with west shallow water
when it enters to the east and begins to exit the Gulf (NAS,
2018). Freshwater is discharged by several rivers around the Gulf
among which the Mississippi River in the North and the
Grijalva-Usumacinta River System in the South contribute
with the highest load.

2.2 Sampling and sample processing

Sediment samples were collected on board of the R/V Justo
Sierra of the Universidad Nacional Autonoma de México
(UNAM) in the southwestern GoM during the oceanographic
cruises SOGOM-3 and SOGOM-4 carried out on April 21-May
15, 2017 and on August 29-September 20, 2018, respectively.

Latitude (N)

-95.0

Bayo

-94.0

10.3389/fmars.2022.1033596

The sampling sites were located within a geographical range of
92.67°-96.70° west longitude and 18.74°-23.04° north latitude,
in a depth range from 185 to 3740 m (Figure 1). Sampling design
considered 63 locations in each cruise; however, due to logistical
reasons only 56 and 62 were successfully sampled in SOGOM 3
and SOGOM 4, respectively. Due to the large area sampled,
bathymetric range covered, cast sampling time and ship time
cost we limited operating the sampling to one core per site.
Original site numbering was kept for cruise comparisons.

The sediment was collected with a Reineck-type box corer of
0.16 m* effective area. A sediment sample of 0.08 m” surface and
13 cm depth was collected for faunal analysis in each core.
Approximately 1000 cm® of sediment were collected for abiotic
parameters measurement. Faunal samples were sieved on board
with filtered seawater through a mesh size of 500 um and
subsequent fixation was made with a mix of seawater and 8%
formaldehyde. The 500 pm mesh size retained most of the
macrofauna adult organisms and are directly comparable to
other studies (e.g. Hernandez-Avila et al., 2021) using this
mesh size.

Thirteen environmental variables were measured. Four were
registered in situ. Depth (m) was determined with the ship’s
echo sounder. Salinity (PSU), temperature (°C), and dissolved
oxygen (ml 1) of bottom water were measured with a CTD
underwater unit (Model Sea-Bird SBE 9 plus). For safety reasons
the CTD was placed on average at 282 m (range: 5-780 m) and
159 m (range: 5-552 m) from the bottom, depending on the
depth site in SOGOM 3 and SOGOM 4, respectively. At low
depths the CTD was closer to the bottom (~5m), so parameters
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FIGURE 1

Location of the 63 sites sampled during the oceanographic cruises SOGOM 3 and SOGOM 4.
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of water were adequately reflected. Registers at deep sites are also
reliable of the water mass near the bottom as variations are
relatively lower. The geographic location (latitude and
longitude) was recorded at the time the corer reached the seabed.

The content of carbonate was estimated by back titration. Excess
hydrochloric acid was used to drive off the carbon dioxide produced
in the reaction by boiling and the remaining unreacted acid was
titrated with a sodium hydroxide solution, in the presence of the
phenolphthalein indicator. Organic matter was estimated through the
reaction on one dry gram of sediment with 10 ml of potassium
dichromate, 10 ml of sulfuric acid, 100 ml of distilled water and 10 ml
of phosphoric acid. One ml of diphenylamine was added, and then
organic matter and carbon were estimated based on a titration with a
0.5 N ferrous sulfate (Jackson, 1958). Sediment granulometry was
measured using a Beckman Coulter model LS 230 laser diffraction
analyzer (Small Volume Modulo Plus), and the particle size
distribution was expressed as percentage of sand, silt, and clay.

After drying and grinding sediment samples, hydrocarbons
were extracted using an ASE 350 accelerated solvent extractor
with dichloromethane. The samples were purified and
concentrated in a chromatographic column packed with sulfite,
silica, alumina, and copper. Concentrated extracts were analyzed
with a GC-MS system (Agilent 6809N/5973MS) with Hp-5MS
column of 30 m to determine aliphatic, and aromatic hydrocarbon
concentration (ug kg'). Isotopic Carbon was extracted following
the standard procedures of combustion. The CO2 was purified
with liquid nitrogen -190°C and analyzed with a mass
spectrometer to determine the isotopic carbon (13C/12C).

In the laboratory, the sediment was examined using an
AVEN Mighty Vue Pro 5D ESD magnifying lamp (2.25X
magnification). The specimens were picked up with fine point
tweezers and preserved in vials with ethanol 70%. Macrofauna
organisms were observed under a stereomicroscope Zeiss Stemi
508 (maximum magnification 50X) and Zeiss Primo Star
microscope and identified at the major taxa level using the
general taxonomic literature (e. g. Brusca and Brusca, 2003).
Only the identified fauna was included in the analysis. Colonial
organisms belonging to the phyla Cnidaria, Porifera and
Bryozoa were counted as one specimen because we did not
know for sure if there could be more than one colony. The taxon
names of the organisms were cross-checked with the World
Register of Marine Species (WoRMS, www.marinespecies.org).

2.3 Data analysis

The sites of each cruise were organized in three depth
categories (DCs): upper bathyal zone (UBZ) (185-1500 m),
lower bathyal zone (LBZ) (1501-3000 m), and abyssal zone
(AZ) (3001-3740 m). The limit between bathyal and
abyssal regions at 3000 m was based on the literature
(e.g., Harris, 2020; Watling et al., 2013) and bathymetry
of the GoM.

Frontiers in Marine Science

04

10.3389/fmars.2022.1033596

We constructed a grouped line chart for each abiotic factor to
assess depth related and between cruises variations. Abundance
was standardized to individuals per square meter for each site in
both cruises. Based on these, we elaborated a box plot, and pie
chart, to evaluate possible macrofauna abundance variations
between cruises. Boxplots were notched to show significant
differences between DCs or between cruises. The overlap of the
notches indicates that the differences are not significant and the
non-overlap indicates the opposite (Mcgill et al., 1978; Kampstra,
2008). Besides, we constructed basic, and percent stacked bar plot
to analyze registered macrofauna abundance, and relative
abundance (percentage contribution of each taxon to the total
macrofauna abundance at each site) bathymetric changes within
each cruise, and between them with STATISTICA 7 software. The
correlation between each abiotic factor, general abundance and
polychaete relative abundance values with depth for each cruise
was evaluated using Spearman’s correlation including the
hypothesis test (HO: rg = 0 (there is no relationship); HI: ry # 0
(there is a relationship) to assess whether or not the correlation
was significant. Values less than 0.4 were defined as weak
correlation, between 0.41 and 0.69 intermediate correlation, and
values greater than 0.69 as strong correlation. Kruskal-Wallis tests
were carried out to determine the significance of the possible
abundance and diversity metrics differences observed across
cruises and/or depth zones.

For each cruise, the standardized abundance data matrix was
square-root transformed to reduce the bias of outliers.
Subsequently, we generated a matrix of pairwise similarity
between sites based on the Bray-Curtis index (Clarke et al,, 2014),
and posteriorly a non-metric multidimensional scaling (nMDS). A
hierarchical cluster analysis (group average) was performed based
on the similarity matrix including the SIMPROF test (1000
permutations for average profile, 999 simulation permutations
and 5% level of significance). The cluster analysis was plotted on
the nMDS ordination. The nMDS of both oceanographic cruise
sites was done from a matrix including both samplings, each one
labeled with the respective cruise number (3 or 4) and DCs. Also, an
ANOSIM analysis was carried out to test differences among cruises
and DCs. Draftsman plot and correlation matrix for environmental
parameters were calculated to analyze covariance between them.
Values of the correlation coefficient greater than 0.7 were
considered strong correlations. The Spearman rank correlations
(SR) between matrices of biotic and abiotic similarities were
calculated using the BEST routine (Clarke et al., 2008). The
abiotic similarity matrix was generated with Euclidean distance
from the normalized matrix of environmental variables.
Multivariate analyses were carried out with PRIMER v6 (Clarke
and Gorley, 2006). Abundance rank curves of each cruise were
based on the standardized abundance matrix ordering taxa in each
depth category (DC) according to their contribution to the
recorded abundance.

Based on the abundance data matrix we calculated diversity
estimates (Hill numbers) of order g = 0, 1, and 2 with the iNEXT
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TABLE 1 Number of sites, specimens, and taxa. Average abundance and depth for each cruise.

Cruise Number of sites Number of specimens
SOGOM 3 56 2186
SOGOM 4 62 1689

package (Chao et al., 2014) in R. Hill numbers include the three
most widely used diversity metrics: species richness (g = 0),
Shannon diversity (q = 1) and Simpson diversity (g = 2). Diversity
variations among DCs in each cruise were evaluated with
rarefaction and extrapolation sampling curves for three Hill
numbers. The criterion used for determining the significance
between the estimated values of taxonomic richness (0.995
sample coverage) among DCs within each cruise and between
cruises was the overlapping confidence interval (no overlapping =
significant difference and partial/total overlapping = no
significant differences) (Zar, 2010).The geographic distribution
abundance map was elaborated with the standardized abundance,
whereas the diversity geographic distribution map was done with
the estimated taxonomic richness values (g = 0) at 0.8 sample
coverage. The resolution of the isobaths for all maps were: 10 m
in the 0 to 50 m depth range, 50 m in the 50 to 100 m, 100 m in
the 100 to 500 m and 500 m in the 500 to 3500 m intervals. The
geographic distribution maps of sample sites, abundance and
taxonomic richness were made with the QGIS 3.12 software
(QGIS.org, 2021). In the case of the abundance and taxonomic
richness maps, the data class aggrupation was carried out with the
natural rupture methodology (Jenks) (Smith et al.,, 2015). All
images were edited with Adobe Photoshop CS6 (13.0) software.

3 Results
3.1 Abiotic factors

The abiotic factors measured in the bottom water showed no
variation in depths greater than 1000 m. We registered a

Number of taxa

Average depth (m)
2155 (range: 185-3740)
2292 (range: 189-3740)

Average abundance (ind. m?)
488 (range: 113-1388)
341 (range: 38-1088)

temperature range between 17.8-5.17°C at 185-1143 m, and
18.69-5.14°C at 189-1225 m in SOGOM 3, and SOGOM 4,
respectively. Beyond these depths, temperature always was near
to 4°C in both cruises. Temperature and depth correlation was
negative and strong in SOGOM 3 and was not significant in
SOGOM 4 (1,3 = -0.71, p < 0.001 and ry = -0.17, p = 0.19) (rys =
Spearman’s correlation coefficient during SOGOM 3; ry =
Spearman’s correlation coefficient during SOGOM 4). Salinity
values were in a 36.54-35.24 PSU range between 185 to 672 m
depth, and 36.45-35.1 PSU from 189 to 614 m in SOGOM 3, and
SOGOM 4, respectively. Salinity values were always near to 35
PSU in higher depths for both cruises. Salinity and depth
correlation was not significant in both cruises (ry; = -0.19, p =
0.16 and ry = -0.02, p = 0.90). Dissolved oxygen concentrations
registered in SOGOM 3 were found in a 2.48-3.56 ml1"' range at
depths of 185 to 1275 m. In deeper locations, dissolved oxygen
values showed a 4.0-4.7 ml 1" range, except in the sites 8, and 10
where they registered 3.6 and 5.4 ml 1", respectively. The
dissolved oxygen concentration in SOGOM 4 showed values
between a 2.5 and 3.8 ml 1™ range in a 285-1225 m depth range.
Beyond these depths, dissolved oxygen values varied in a 4.3 to
4.7 ml 1" range. Correlation of DO with depth was positive and
intermediate in both samplings (r;; = 0.58, p < 0.001 and ry =
0.45, p < 0.001) (Figure 2).

Sand content was excluded from the sediment analysis
because it was extremely low in both cruises (< 0.09% and
0.27% in SOGOM 3 and SOGOM 4, respectively). Content (%)
organic matter and silt showed a decreasing pattern related to
depth, whereas carbonate and clay values (%) presented an
opposite trend, increasing with depth. The OM values
presented a range of 1.15% to 2.89% in SOGOM 3, and 1.12%
t0 3.27% in SOGOM 4. OM and depth correlation was negative

TABLE 2 Number of sites, specimens, and taxa. Average abundance, and depth for each depth category of each cruise.

SOGOM 3

Depth category Number of sites Number of specimens Number of taxa Average abundance (ind. m>) Average depth (m)

UBZ 17 866 22 637 (range: 388 -1112) 824 (range: 185 -1482)
LBZ 24 924 25 462 (range: 125 - 1388) 2324 (range: 1629 - 2885)
AZ 15 396 14 354 (range: 150- 663) 3394 (range: 3001- 3740)
SOGOM 4

Depth category Number of sites Total specimens Number of taxa Average abundance (ind. m™%) Average depth (m)

UBZ 16 763 21 596 (range: 125-1088) 805 (range: 189-1467)
LBZ 28 692 21 309 (range: 138-800) 2449 (range: 2080-2875)
AZ 18 234 15 163 (range: 38-413) 3451 (range: 3027-3762)
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FIGURE 2

Depth related pattern of environmental factors (sites are ordered from low to highest depth, left to right). SOG3 = SOGOM 3, SOG4 = SOGOM
4, AH = Aliphatic hydrocarbons, PAHs = Polycyclic Aromatic Hydrocarbons, rss = Spearman’s correlation coefficient during SOGOM 3, rg4 =
Spearman'’s correlation coefficient during SOGOM 4.

and strong in both samplings (rs; = 0.71, p < 0.001 and ry, = 0.74, depth correlation was negative and intermediate (ry; = -0.49, p <
p < 0.001). Silt value range in SOGOM 3 was 41.11%-81.82%, 0.001 and ry, = -0.68, p < 0.001) while, clay and depth correlation
and clay was 18.12%-56.89%. Meanwhile, in SOGOM 4 the silt was positive and intermediate in both cruises (rg; = 0.49, p <
range was 42.90%-82.86% and clay 16.87% - 57.10%. Silt and 0.001 and ry = 0.68, p < 0.001) Content (%) carbonate showed
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an interval from 8.7 to 23.5 in SOGOM 3, and 9.0 to 23.8 in
SOGOM 4. Carbonate and depth correlation was positive and
strong in both cruises (rg; = 0.80, p < 0.001 and ry = 0.78, p <
0.001). In general, the aromatic and aliphatic hydrocarbons
recorded values that decreased with depth increase, except in
SOGOM 4 where a slight increase of aliphatic hydrocarbons was
registered in sites deeper than 3000 m. Aromatic hydrocarbons
ranges were 56-125 ug kg'! and 59-158 pg kg™ for SOGOM 3
and SOGOM 4, respectively. Correlation of aromatic
hydrocarbons and depth was negative and intermediate in
SOGOM 3 and weak in SOGOM 4 (rg = -0.66, p < 0.001 and
Iy = -0.29, p = 0.02). Aliphatic hydrocarbons were found in a
2316- 6364 pg kg' and 1601 to 4927 pg kg™ ranges for SOGOM
3, and SOGOM 4, respectively. Aliphatic and depth correlation
was negative and intermediate in SOGOM 3 and no significance
was found in SOGOM 4 (r; = -0.40, p < 0.00land ryy = 0.07, p =
0.57). We registered delta C 13 (d13C) values between -33 to -27
CVPDB%o, and -33 to -27 Cyppg%o in SOGOM 3 and SOGOM
4, respectively. In SOGOM 3 delta C 13 showed a slight decrease
related to depth increase, whereas this trend was not observed in
SOGOM 4. Delta C 13 and depth correlation was not significant
in both samplings (rg; = -0.13, p = 0.33 and ryy = -0.22, p =
0.08) (Figure 2).

3.2 Fauna description

We registered 25 taxa in SOGOM 3 cruise, all of which were
also observed in SOGOM 4 cruise with exception of the mollusk
class Solenogastres. During the SOGOM 3 cruise we collected
2186 specimens (range: 9 to 111 per site) in 56 sites, while in the
SOGOM 4 cruise we obtained 1689 specimens in 62 sites
sampled (range: 3 to 87 per site) (Table 1). Locations grouped
by DC showed 866, 924 and 396 individuals, and 22, 25, and 14
taxa for UBZ, LBZ, and AZ, respectively in SOGOM 3, and 763,
692 and 234 individuals, and 21, 21, and 15 taxa for UBZ, LBZ,
and AZ in SOGOM 4, respectively (Table 2).

The macrofauna standardized abundance average was
higher in SOGOM 3 (488 ind. m™, range: 113-1388) than in
SOGOM 4 (341 ind. m?, range: 38-1088) and significantly
different (p = 0.002) (Figure 3). Abundance difference between
cruises was consistent in the three DCs but it was only significant
in the deeper ones (Figure 3). Within each sampling, only
significant differences were observed between UBZ and AZ in
SOGOM 3 while in SOGOM 4 all DCs showed significant
differences in recorded abundance (notches in the box plots
and p values) (Figure 3). The five most abundant macrofauna
taxa were the same in both cruises. Polychaeta, Nematoda,
Amphipoda, Tanaidacea, and Bivalvia represented 79% and
84% of the total abundance in SOGOM 3 and SOGOM 4,
respectively. The composition of the following five most
abundant taxa showed a difference between cruises. Isopoda
and Nemertea were found in both cruises, while Bryozoa,
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Cnidaria and Harpacticoida were recorded in SOGOM 3 and
Sipuncula, Porifera and Oligochaeta in SOGOM 4 (Figure 4).
Macrofauna abundance presented a decreasing trend related to
depth increase in both cruises (r; = -0.48 and -0.70 (p <0.001) in
SOGOM3 and SOGOM 4, respectively). Polychaetes, and
nematodes were the most abundant taxa in all sites, with
exception of sites 26, 58, 59, and 46 in SOGOM 3. Although
average abundance was higher in SOGOMS3, only two sites (7
and 27) were superior to the highest abundance values registered
in SOGOM 4. However, three locations of SOGOM 4 showed
lower abundance values that the lower one of SOGOM
3 (Figure 5).

The polychaetes were found in all locations except in site 59
of SOGOM 3. The polychaetes relative abundance decreased
with increasing depth in both cruises, but only during SOGOM 3
the correlation between depth and relative abundance was
significant (r; = -0.417, p = 0.001 and ry = -0.185, p = 0.151 in
SOGOM 3 and SOGOM 4 respectively). Nematodes were
registered in 96%, and 94% of total sites in SOGOM 3 and
SOGOM 4, respectively. This taxon showed a consistent
abundance pattern in both cruises with lowest values in the
seven shallowest sites, and a relatively higher and uniform
abundance in the remaining sites. The Bivalvia mollusk class
was registered in 79% of SOGOM 3 sites and in 68% of SOGOM
4 locations. Although absent in some sampling sites, this taxon
was recorded in practically the entire bathymetric range with low
relative abundance variation. Bivalvia relative abundance mainly
varied in a 1%-17% range in both cruises, except sites 46 and 26
of SOGOM 3 and site 62 of SOGOM 4 that showed high relative
values of 25%, 35% and 33%, respectively. Tanaidacea
(Peracarida, Arthropoda) relative abundance showed a similar
pattern in both cruises with slight higher values in SOGOM 4
(1% to 40%) compared to SOGOM 3 (1% to 18%). Amphipoda
(Peracarida, Arthropoda) presented differences in the relative
abundance between both cruises. In SOGOM 3 this taxon was
present in 80% of the sites mainly in a relative abundance range
of 1%-25%, except for sites 59, 46, and 58 which presented high
values of 33%, 38%, and 44%, respectively. In SOGOM 4 this
taxon was collected in 57% of the sites. Only the site 44
registered a high relative abundance of 33%, while the
remaining sites showed a low relative abundance range of 1%
to 13% (Figure 6).

In general, the geographic abundance pattern was similar in
both cruises. The highest abundance values were recorded in the
south of the study area and locations near to the coastline and
the lowest ones were registered in the northern sites. During
SOGOM 3 the highest abundance values were recorded at four
sites near the coast in the southern region. Intermediate values
were associated with locations near the coastline in the southern
and northwestern regions, besides sites located in the saline
domes zone in the Campeche Bay and the Campeche and
Coatzacoalcos Canyon. Low abundance values were recorded
in all regions of the study area, particularly in the northern
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FIGURE 3

Box plots of macrofauna abundance (ind. m™) registered in SOGOM 3 (light blue) and SOGOM 4 (navy blue), and in each depth category. Upper

bathyal zone (UBZ), lower bathyal zone (LBZ) and abyssal zone (AZ).

region at the abyssal plain. In SOGOM 4, the highest and
intermediate abundance values were again recorded at sites
near the coast in the southern region, as well as in most of the
localities of the Campeche Bay saline domes zone. Low
abundance values were found in the northern zone, except of
four sites with intermediate values in the northwestern region
(Figures 7, 8).

3.3 Multivariate analysis

The SOGOM 3 nMDS analysis showed an overlapping of
sampling sites corresponding to the three DCs. The SIMPROF
groups plotted on the nMDS allowed to distinguish four groups.
Groups I and IT were mainly composed of sites near the coast of
the southern region and of the UBZ DC. Remarkably, group I
sites were characterized by high abundance values. Group III was
dominated by AZ sites and some LBZ locations. Group IV
included most of sampling sites of the three DCs (Figure 9A).

A Others, 8%
Cnidaria, 2%
Bryozoa, 2%
Harpacticoida, 3%

Isopoda, 4% |
Nemertea, 4% L‘
Bivalvia, 5%

Tanaidacea, 5% Nematoda , 19%

Amphipoda, 7%

FIGURE 4

Relative abundance of the ten most abundant macrofauna taxa of SOGOM 3 (A), and SOGOM 4 (B).
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The nMDS analysis of SOGOM 4 showed a general clearer
pattern ordered in a bathymetric gradient (from the upper
bathyal zone to the abyssal region) from left to right of the
graph. The SIMPROF test of the cluster analysis allowed us to
distinguish three main groups: group I composed by sites of the
UBZ region and two sites of the LBZ. Group II was dominated
by sites of the LBZ region, one site (59) of the abyssal region and
five (6, 10, 19, 20 and 29) of the UBZ. Group III showed two sites
(9 and 42) of the UBZ and sites of the LBZ and AZ, each one
with 13 sampling sites (Figure 9B). The nMDS analysis of both
cruises did not show a clear separation between them, although
sampling sites of each cruise were ordered at opposite ends
(Figure 10). The ANOSIM showed a slight, but significant
difference (R = 0.206 p = 0.001) in the composition and
structure of the macrofauna communities between cruises.
These variations occur fundamentally in the deepest DCs.
When comparing UBZ between cruises, no significant
differences were found (R = 0.002 p = 0.393), however they
were observed comparing LBZ (R = 0.24 p = 0.001) and AZ (R =
0.43 p = 0.001) between SOGOM 3 and 4. When we compared
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FIGURE 5

Abundance of the ten most abundant macrofauna taxa related to depth in SOGOM 3 and SOGOM 4, r, = Spearman’s correlation coefficient.

within each cruise, the ANOSIM showed the macrofauna
communities changes across the bathymetric gradient. The
greatest differences were registered when comparing UBZ with
AZ (R: 0.231 p = 0.002; R: 0.458 p = 0.001 in SOGOM 3 and 4
respectively), while the smallest ones were recorded between
adjoining DCs, particularly between LBZ and AZ (R: 0.046 p =
0.222; R: 0.125 p = 0.012 in SOGOM and 4, respectively).
Abundance rank curves showed bathymetric variations in
the composition and structure of the macrofaunal community.
In SOGOM 3, the taxa that mainly contributed to abundance
were essentially the same (Polychaeta, Nematoda and
Amphipoda) in the three DCs. Bivalvia was the fifth taxon in
ranking abundance in the three DCs. Sipuncula abundance
decreased with increasing depth while Harpacticoida showed
the reverse pattern. Porifera and Tanaidacea showed a parabolic
shape pattern with the highest contribution to abundance in LBZ
and the lowest in UBZ and AZ. In general, during SOGOM 4
Polychaeta, Nematoda and Tanaidacea were the taxa that most
contributed to abundance in the three DCs. Amphipoda was
ranked fifth in the UBZ and LBZ and sixth in AZ. Bivalvia was
sixth in ranking abundance in UBZ and fourth in LBZ and AZ.
Sipuncula showed the same pattern as in SOGOM 3 decreasing
its contribution to total abundance with increasing depth.
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Porifera and Harpacticoida again showed an inverse pattern to
that of Sipuncula, their contribution to abundance being more
important with increasing depth (supplementary data).

The BIOENV analysis included nine abiotic factors
(longitude W, depth (m), temperature (°C), dissolved oxygen
(ml 1), polycyclic aromatic hydrocarbons (ug kg™'), aliphatic
hydrocarbons (ug kg''), d13CVPDB%o, organic matter (%) and
clay (%)). Four environmental variables were then excluded due
to their strong correlation with other abiotic factors. In SOGOM
3, salinity was highly correlated with bottom water dissolved
oxygen concentration, and carbonate content with sediment
organic matter content. While, in SOGOM 4 the highest
correlation was between salinity and temperature, and
carbonate with depth. In addition, latitude and sediment silt
content were also excluded from the analysis, as they were strong
correlated with depth and sediment clay content in both
oceanographic cruises, respectively. The environmental
parameter combination (up to 4 factors) that showed the best
match with biotic similarity matrices using the Spearman rank
correlation were temperature, dissolved oxygen, aromatic
hydrocarbons, and organic matter in SOGOM 3 with a 0.358
correlation (p = 0.001) with none permuted statistic greater than
Rho. Meanwhile, in SOGOM 4 depth was the environmental
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Relative abundance of the ten most abundant macrofauna taxa related to depth in SOGOM 3 and SOGOM 4.
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FIGURE 7
Geographic distribution of macrofauna abundance values for
SOGOM 3.

parameter that showed better correlation (0.337) with biotic
similarity matrices (p = 0.001).

3.4 Biodiversity estimates

In the analysis of diversity we registered a sample coverage
higher than 0.996 for all DCs in both cruises, except AZ in
SOGOM 4 that registered 0.988 SC. The sampling curves
analysis showed that LBZ registered the highest diversity
values in both cruises based on the three Hill numbers
analyzed (g = 0, 1, 2), also sharing higher values with AZ
during SOGOM 3 with g = 2. However, a close comparison
(0.995 sample coverage) showed that there were no significant
differences of taxonomic richness among DCs during SOGOM 4
and during SOGOM 3 LBZ was more diverse than AZ and did
not present significant differences with UBZ. In the case of the
Shannon and Simpson diversity, in both cruises, LBZ was more
diverse than UBZ and did not present significant differences with
AZ. (Figures 11, 12 and Supplementary data).

The diversity profiles of SOGOM 3 based on Hill numbers
0 to 2 showed a range from 20.3 to 4.2 in average Alpha
diversity, from 1.2 to 1.0 in Beta diversity, and from 25 to 4.4 in
Gamma diversity. The Alpha diversity profile revealed that AZ
had more evenness than LBZ, and UBZ (Supplementary data).
In SOGOM 4 we registered values between 19.0 and 3.6 in
average Alpha diversity, between 1.3 and 1.0 in Beta diversity,
and between 24 and 3.7 in Gamma diversity using Hill
numbers 0 to 2. The Alpha diversity profile showed that
LBZ, and AZ had relative more evenness than UBZ
(Supplementary data).

Diversity values (taxonomic richness q = 0) according to
geographic distribution in SOGOM 3 showed that low diversity
occurred in all regions of the study area. The intermediate values
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were found in the central region including the Coatzacoalcos
Canyon, part of the Campeche Bay saline domes zone, two sites
in the Campeche Canyon and five more in the northwestern
region. The highest diversity values were associated with
localities in the bathyal region in the south and northwest of
the study area, besides, one site in the abyssal plain (Figure 13).
In SOGOM 4 locations with low diversity records were also
spread out along the study area. The highest values were again
recorded in the bathyal zone of the northwestern region, two
sites in the southwestern region and two more in the abyssal
zone. Whereas, in the northern region of the study area, and in
the Campeche Bay salt domes zone and in the Campeche
Canyon, we registered intermediate diversity values (Figure 14).

4 Discussion

4.1 Abiotic factors

The bottom water environmental variables showed a same
pattern in both cruises. Dissolved oxygen, and temperature
values registered relative high variation ranges in the 185-1200
m depth interval (range: 2 to 3.5 ml I'!, and 19 to 5° C,
respectively) compared to higher depths where variation was
minimal (4.0-4.7 ml 1" and temperature close to 4° C,
respectively). Also, salinity values stabilized at 35 PSU near
650 m depth in both cruises. These values agree with the
North Atlantic Deep Water (NADW) characteristics registered
under 1000 m depth with temperature close to 4° C, 35 PSU
salinity and dissolved oxygen concentration higher than the
overlying layer (Rivas et al., 2005).

Sediment composition varied with depth in both cruises;
such pattern consisted in a clay increase, and a silt concentration
decrease with increasing depth and with sand values below 0.3%.
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FIGURE 8
Geographic distribution of macrofauna abundance values for
SOGOM 4.
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Non-metric multidimensional scaling of macrofauna communities of SOGOM 3 (A) and SOGOM 4 (B) with a classification analysis plotted
(green line) based on Bray Curtis similarities. Upper bathyal zone (UBZ-blue triangles), lower bathyal zone (LBZ-red inverted triangles), and

abyssal zone (AZ-green square).

This pattern was previously documented in the southwestern
GoM (Diaz-Asencio et al., 2019) where terrigenous sediments
predominate (Balsam and Beeson, 2003; Diaz-Asencio et al.,
2019) with an important component of carbonated biogenic
sediments that increase their concentration with depth and
distance from the coastline (Balsam and Beeson, 2003).
Although we did not record clear variations in sand
concentration between cruises, we consistently recorded high
silt and low clay concentrations in SOGOM 3 compared to

SOGOM 4 in the two deepest DCs. The sediment carbonate
concentration also presented a depth-related pattern with the
highest values found in the deepest zone of the study area. This
pattern agrees to that reported by Balsam and Beeson (2003)
who recorded values of up to 50% in the abyssal zone and 75%
near the Yucatan shelf.

OM content (%) varied with depth in both cruises; such
pattern consisted in highest values in shallower sites close to the
coast and lower ones in deeper sites. The 8'°C analysis did not
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give clear results about marine and terrigenous sediment ratios.
The values were consistently higher in SOGOM 3. We registered
a range of -27.19%o to -33.06%o with a -28.63%o * 0.8%o average
in SOGOM 3 and a -27.45%o to -33.01%o range, and an average
-30.63%o *+ 1.1%o0 in SOGOM 4. These values could be due to the
presence of carbon fixed by chemosynthetic communities (Paull
et al., 1985; Brooks et al., 1987; Demopoulos et al., 2010) typical
of hydrocarbon infiltration zones which have been recorded in
the study area (Sahling et al., 2016). Our results contrast with
some records reported by Gonzalez-Ocampo et al. (2007) (-
25.39%o to —20.95%o, average of —22.9%o + 0.9%o) in the region.
However, they fit well with data registered by Gracia (2010) in a
large area and wide bathymetric range in the southern GoM
along ten years whose average varied between-26.62%o0 a
-31.17%o in a general range of -24.82%o a -36.09%o.

Sediment hydrocarbon concentrations varied between
cruises. Average aliphatic hydrocarbon value in SOGOM 3 was
higher than SOGOM 4 (3347 ug kg' + 867 ug kg™ vs. 2739 g
kg™ + 673 ugkg'"), whereas average aromatic hydrocarbon value
was relatively lower in SOGOM 3 compared to SOGOM 4 (72 pg
kg™ + 14 pg kg™ vs. 88 ugkg ' + 18 ug kg ™). However, a general
pattern of higher sediment hydrocarbon concentration in sites
located in the southern region near the coast was apparent. This
pattern was more consistent in PAHs sediment concentration
for both cruises, as high aliphatic hydrocarbons values were
recorded in the abyssal zone during SOGOM 4. The high PAH
concentrations in the UBZ of the southern area can be explained
by the presence of numerous oil seeps found in this area, oil
platform activities and the influence of several rivers that
introduce pollutants to the marine environment (Gracia et al.,
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Punctual comparison (0.995 sample coverage) of taxonomic richness (g = 0) (A), Shannon diversity (g = 1) (B) and Simpson diversity (g = 2) (C)
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Geographic distribution of macrofauna diversity values for
SOGOM 3.

2014). The PAH concentration range (56-125 pg kg', and 59-
158 ug kg™' for SOGOM 3 and SOGOM 4, respectively) is within
the range reported for the Southern Gulf of México and, (albeit
within the lowest values) within the interval recorded in the
adjacent oil platform area (16-953 pg kg') located in the
continental shelf (Gracia et al., 2016a; Gracia et al.,, 2016b),
and similar to values (84 pg kg''- 158 pg kg') registered in
sediments of the deep zone of the north of the GoM (Adhikari
et al,, 2016). Although PAHs represented a minimal fraction of
the total hydrocarbons recorded (3% in SOGOM 3 and 4% in
SOGOM 4), they are a fraction of biological importance due to
their high toxicity by their mutagenic effects. (Hatami et al.,
2021; Billah et al., 2022). In addition, they were among the set of
environmental factors most related to the fauna distribution
during SOGOM 3. The presence of these pollutants could be
influencing the composition of the communities, favoring the
presence of taxa capable of resisting their effects to some extent.
In the study area, Capitellidae, a taxon documented as tolerant to
the presence of some PAHs (Bach et al, 2005), has been
recorded as one of the dominant families within the
polychaetes (Quintanar-Retama et al., 2022)(also the dominant
taxon in this study). In the region, the dominance of deposit
feeders has also been documented (Quintanar-Retama et al.,
2022), which, due to their bioturbating activity, promote the
burial of pollutants, reduce their bioavailability (Timmermann
et al., 2008; Konovalov et al., 2010), and favor the establishment
of macrofaunal communities.

The UBZ can be characterized as a region that presents
important DO concentrations, salinity and temperature
variations, high OM and silt concentrations, low carbonate
and clay in sediments and high aromatic hydrocarbons values.
Whereas the LBZ and AZ regions were described by a high DO,
salinity and temperature stability, low OM and silt values, high
carbonate and clay values and relatively lower aromatic
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hydrocarbons in sediments. All these environmental factors
have been related to the deep sea benthic communities
distribution. Temperature and hydrostatic pressure have been
documented as promoters of faunal zonation because they
establish a physiological bottleneck that prevents the broad
bathymetric distribution of species from shallow areas (Allen,
2008; Brown and Thatje, 2014). Adaptations such as increased
mitochondrial concentration and adoption of enzymes more
efficiently at low temperatures have been documented (Clarke,
1998). The importance of temperature as a structurer of benthic
communities in the deep sea can be seen in the distribution
pattern observed in regions such as Antarctica where the
bathymetric gradient does not imply a significant temperature
gradient and it is very common to record eurybathic species
(Brey et al., 1996; Brandt et al., 2007) in such a way that the
typical zonation of temperate or tropical regions is not usually
recorded. Also, oxygen (Levin and Sibuet, 2012) and the organic
matter availability (Cosson et al., 1997; Mamouridis et al., 2011;
Bernardino et al., 2016; Brandt et al., 2018; Guggolz et al., 2018)
has also been shown to be important factors for the distribution
of deep-sea benthic communities.

4.2 Fauna description

The most abundant taxa (Polychaeta, Nematoda,
Amphipoda, Tanaidacea and Bivalvia) with polychaete
dominance in the macrofauna communities that we registered
(43% in SOGOM 3 and 46% in SOGOM4) agrees with those
reported in other studies of deep sea macrofauna. (Hessler and
Sanders, 1967; Hessler and Jumars, 1974; Alongi, 1992; Brandt
and Schnack, 1999; Paterson et al., 2009; Bernardino et al., 2016;
Brandt et al,, 2018; Brandt et al., 2019, Hernandez-Avila et al.,
2021). It is interesting to note that Isopoda was not recorded
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Geographic distribution of macrofauna diversity values for
SOGOM 4.
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within the five most abundant taxa even that it usually is a
dominant taxon in the macrofauna (e.g. Brandt et al, 2019).
Specially the very diverse and widely deep sea distributed
Asellota suborder (Wilson, 2008) which can represent up to
97% of the isopods collected in this environment (Brandt et al.,
2007). We recorded a relative isopods abundance lower than
tanaidaceans and amphipods (4% in SOGOM 3 and 3% in
SOGOM 4). Nonetheless, the isopods were among the six taxa
with the highest number of records in both cruises.

The bathymetric pattern of the relative abundance of
macrofauna taxa was similar in both cruises. In general,
Polychaeta abundance decreased with increasing depth. This
trend within the benthic macrofauna communities has already
been documented in other seas (Brandt et al., 2018) and in the
study area (Quintanar-Retama et al., 2022) and is partly due to
the dominance of other groups like crustaceans in the low
bathyal, and abyssal regions (Brandt et al., 2018). The
polychaetes relative abundance decreasing pattern was more
evident up to 2300 m depth. In deeper sites, the polychaete
abundance did not show a clear pattern in both cruises, although
average values recorded were important (35% in SOGOM 3 and
44% in SOGOM 4). Nematodes showed a same bathymetric
pattern in both cruises, characterized by low abundance up to
600 m and by relative high values, in deeper sites. This group is
an important component of deep-sea infauna communities
(Sharma et al., 2011; Baldrighi et al., 2014) but often it is not
considered in macrofauna studies because it is a typical taxon of
meiofauna communities (Higgins and Thiel, 1988; Giere, 2008).
Even though the genera present in the macrofauna retained in
sieves larger than 300 microns are usually different from those
retained between 45 and 300 microns, besides, they present
lower densities than those reported for typical meiofauna genera
(Baldrighi et al., 2014), and carry out important ecological
functions within benthic macrofauna communities (Sharma
et al,, 2011). Tanaidacea is a well-represented taxon in the
deep sea (Larsen, 2005) and considered a eurytopic taxon
(Blazewicz-Paszkowycz et al.,, 2012) due to its wide
distribution in the marine environment and its presence in
freshwater habitats (Bamber, 2008). This taxon presented low
relative abundance values up to 800 m, but its contribution to the
general abundance increased in deeper sites. Amphipods and
harpacticoid copepods, that are well represented in the deep sea
(Baguley et al., 2006a; Blankenship et al., 2006) also recorded
high values of relative abundance in LBZ and AZ, respectively.
According to Brandt et al. (2018), the macrofaunal composition
of abyssal regions is frequently dominated by crustaceans. We
observed a similar pattern with an increase of the relative
abundance of Amphipoda, Tanaidacea and Harpacticoida
related to increasing depth, but polychaetes were dominant in
the three DCs.

Sponges and sipunculids were among the taxa that showed
notable changes in abundance across depth categories. Sponges
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of the class Hexactinellida are a well-represented and wide
distributed taxon in the deep sea (Dohrmann et al., 2008). In
this study, Porifera registered a low representation in UBZ, high
in LBZ and an intermediate in AZ in both cruises (ratio between
records and number of sites were 0.06, 0.67, 0.47 in UBZ, LBZ
and AZ during SOGOM 3, and 0.13, 0.71, 0.33 during SOGOM
4, respectively). The sipunculid bathymetric distribution
registered a decreasing pattern with high abundance in relative
shallow waters, mainly in SOGOM 4, which agrees with the
abundance pattern reported in the literature (Baldrighi
et al.,, 2014).

In general, our standardized abundance values were lower
compared to available data in other deepwater regions like the
South Atlantic (Bernardino et al., 2016), in a wide latitude range
of the Atlantic (Sibuet et al., 1989), the Mediterranean Sea
(Baldrighi et al., 2014). In the north of the GoM reported
abundance values were also higher in the UBZ (Demopoulos
et al., 2014), UBZ-AZ (Wei et al., 2012a) and LBZ-UBZ
(Washburn et al., 2017) regions compared to our data. In the
southern Gulf of Mexico some data reported for the UBZ-AZ
area (794-2713 ind. m 2, Escobar-Briones et al., 1999), are within
our abundance range but other recorded in the Campeche
Canyon (1,550 to 6,925 ind. m2, Escobar-Briones et al., 2008)
and in the northwest region (400-128,000 ind. m2, Salcedo et al.,
2017) are higher. However, these results are not directly
comparable because these authors used a mesh sieve of 250 or
300 microns while we used a sieve of 500 microns which could
explain the relatively low abundance values we recorded in both
cruises. Besides, some of these studies included typical taxa of
meiofauna (nematods, copepods and ostracods) or considered
all the organisms recovered of the sieved sample such as
foraminiferans (Escobar-Briones et al., 2008). A sound
comparison should require considering sampling device type,
the mesh size used for sieving, the sampling depth and the
groups included in the analysis.

The nMDS and ANOSIM analyses showed slight, but
significant differences between cruises (R: 0.211) (p = 0.001).
Since the communities composition and structure were similar
in both cruises, the differences shown by the multivariate
analysis could be largely due to the difference in general
abundance. The high abundance recorded during SOGOM 3
could reflect a seasonal effect, which is a wide documented
phenomenon in the deep sea (Galéron et al., 2009; Billett et al.,
2010; Cordes et al., 2010; Glover et al., 2010). The environmental
factor analysis revealed high silt and low clay average values in
the SOGOM 3 deepest DCs, where the macrofauna abundance
variation was more evident between cruises (Figure 5). The
granulometric sediment composition was proposed a as driver of
macrofauna abundance variations (Baldrighi et al., 2014).
Sedimentological composition variations in this study could be
related to seasonal changes of continental sediment supply
associated to seasonal river discharge.
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In both cruises we observed that the macrofauna abundance
decreased with increasing depth and decreasing OM. This pattern
was widely documented in the deep sea (Hessler and Sanders, 1967;
Gage and Tyler, 1991; Wei et al., 2010a; Wei et al., 2012a; Baldrighi
et al, 2014; Bernardino et al., 2016) and also related to OM
availability with depth (Morse and Beazley, 2008) and distance
from the coast (Escobar-Briones and Garcia-Villalobos, 2009) Some
authors (Pérez-Mendoza et al., 2003; Hughes and Gage, 2004) have
reported inconsistencies to this widespread bathymetric pattern
related with local environmental variables that promoted infaunal
abundance. We recorded sites that deviated from the abundance
general depth-related pattern located in areas with high
sedimentation rates (continental rise, Coatzacoalcos Canyon) that
promotes the OM accumulation, favouring high abundance (Vetter
and Dayton, 1998; Escobar-Briones et al., 2008).

The pattern of abundance geographic distribution was similar
in both cruises with the highest values recorded close to the
coastline in the southern region, and the lowest ones in the
abyssal plain located in the northeastern region of the study area.
The Campeche Bay salt domes zone registered intermediate
abundance values in SOGOM 3 and intermediate and high in
SOGOM 4. In this area the presence of a quasi-permanent cyclonic
gyre (Diaz-Flores et al., 2017) promotes nutrient upwellings that
enhance primary productivity and a posterior OM exportation to
deep sea floor. Also, this area is under the influence of continental
OM contribution of the Grijalva Usumacinta river system, the
second most important one contributing with water and sediments
to the GoM after the Mississippi River. The presence of numerous
oil seeps in this area is another factor that may help to understand
the abundance pattern. Oil natural flows may allow the
establishment of communities based on chemoautotrophic
endosymbiotic bacteria, that do not depend on the export of
organic matter produced in surface waters or of the continental
region (Levin and Michener, 2002; Levin, 2005; Bourque et al.,
2017). According to MacDonald et al. (1989) important infaunal
abundance values are usually recorded in sites close to this type of
environment. In the northwestern region of the study area
intermediate abundance values of both cruises could be mainly
related to the OM contribution of river discharge on the Veracruz
and Tamaulipas coasts (e.g., the Soto la Marina, Panuco, Tuxpan
and Cazones rivers).

4.3 Multivariate analysis

The multivariate analysis showed depth-related differences
in the macrofauna community composition and structure in
both cruises. These kind of differences were extensively
recognized in other deep sea regions (e. g. Levin et al., 2001;
Bernardino et al., 2016; Woolley et al., 2016) and in the Gulf of
Mexico (e.g. Hernandez-Avila et al., 2021). The separation along
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the depth gradient was more evident in SOGOM 4. The groups
generated by the classification analysis with the SIMPROF test
plotted on the ordering obtained for each of the samplings,
confirmed this depth pattern. It must be noted that, even though
the specimens were identified at a high taxon level, this pattern
was detected. According to Brandt et al. (2019) this taxonomic
resolution degree may not be useful to show the differences
between basins, but it is usually enough to show the differences
between different depth zones. Differences were similar between
cruises. Polychaeta, Nematoda, Amphipoda, Isopoda and
Bivalvia were classified at practically the same contribution
level in the three DCs. Thus, the main community structure
differences related to depth were due to the higher contribution
of Sipuncula, and Ostracoda in the UBZ compared to LBZ and
AZ. Whereas, Harpacticoida showed a high contribution at the
low bathyal, and abyssal stations and, the low one in UBZ. On
the other hand, Tanaidacea, Porifera and Nemertea recorded a
parabolic pattern. In LBZ the first two taxa recorded the highest
contribution, while the latter registered the lowest one.
Gastropoda, Cumacea, Scaphopoda and Pycnogonida were
collected only in UBZ and LBZ sites while Brachiopoda only
in AZ. Differences of these communities in a depth interval have
been attributed to several factors. Among them, sediment grain
size variations, oxygen availability (Etter and Grassle, 1992;
Levin et al., 2001), organic carbon flux (Hernéndez—Avila
et al, 2021), and proximity to slope habitats (Woolley et al,
2016). In our analysis, the environmental factors related to
faunal distribution were temperature, dissolved oxygen, PAHs,
organic matter in SOGOM 3 and depth in SOGOM 4. All of
them have been recorded as benthic community drivers in the
deep sea (Cosson et al., 1997; Allen, 2008; Levin and Sibuet,
2012; Brown and Thatje, 2014; Bernardino et al., 2016; Brandt
et al.,, 2018). The macrofauna communities difference between
cruises observed in the multivariate analysis was mainly due to
abundance variations as composition and structure were similar
in both samplings.

4.4 Biodiversity estimates

The general alpha diversity depth-related pattern registered was
similar in both cruises and according to the common pattern
observed in the deep sea. Usually, the highest diversity values are
registered in medium depths (2000-3000 m) and the lowest ones in
the upper bathyal and abyssal regions (Rex, 1981; Ramirez-Llodra
et al., 2010; Bernardino et al., 2016; Wei and Rowe, 2019). Some
authors mention that high diversity in the LBZ may be due to UBZ
and LBZ overlapping fauna (Levin et al., 2001; Snelgrove and Smith,
2002). The same trend has been recorded in the deep sea of the
northern GoM region (Wei and Rowe, 2019). This could indicate
that the processes that controling diversity in the benthic
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macrofauna could be similar throughout the Gulf. In our study, this
pattern was consistent on the three estimated Hill numbers. Even
though if a low taxonomic resolution was used, this bathymetric
diversity macrofauna pattern of diversity was observed.

The diversity geographic pattern analysis showed that
highest taxonomic diversity values of both cruises were located
at medium depths in the southern and northwest regions of the
study area. We also registered some sites with medium and high
diversity values in the abyssal plain in both cruises. This region
was usually characterized with low abundance but high diversity
macrofauna. Dominance is not frequent, and it is very common
to register a single specimen of each species (Sanders, 1968; Rex,
1981; Ramirez-Llodra et al., 2010). Organic matter accumulation
is usually mentioned as one of the factors that could support
high diversity and may be one of the reasons to explain high
diversity values recorded in the Campeche and Coatzacoalcos
Canyons. Finally, although the relationship between diversity
and latitude is a phenomenon frequently recorded (Poore and
Wilson, 1993; Rex et al., 1993; Gage, 2004; Rex et al., 2005), we
did not observe a trend of geographic distribution diversity
related to latitude in the southwestern Gulf of Mexico.

5 Conclusions

This study contributes with unique knowledge of
macrofaunal communities in a large area and bathymetric
range of the scarce studied area of southern GoM. UBZ
presented different environmental conditions compared with
LBZ and AZ. The UBZ was characterized by important DO
concentrations, salinity, temperature variations, and high OM,
silt, hydrocarbon values as well as low carbonate and clay
sediment concentrations. On the other hand, LBZ and AZ
presented high DO, salinity and temperature stability, low
OM, hydrocarbons and silt values, high carbonate, and clay
values in sediment. The high taxa registered are typical of deep
sea macrofauna communities. The macrofauna abundance
showed a depth related pattern. Highest abundance was
registered in the south area at relatively low deep locations
near the coast, whereas the lowest ones were found in the abyssal
zone. The highest diversity was found in the south and
northwest of the study area at medium depths. Even though
the low taxonomic resolution level used, a community structure
and diversity depth related pattern were recognized.
Furthermore, there were differences between cruises in
community abundance that can be related to seasonal
abundance effect. Depth, water temperature, dissolved oxygen,
OM and PAH in sediments were identified as the main drivers of
macrofauna community structure. Data provided would be very
important for understanding the GoM as whole and for
assessing the impact of man driven activities such as
accidental oil spills and/or long-term ecosystem changes.
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