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Abstract

Because of the importance of the natural resources of the Gulf of Mexico that provide a
diversified production, this work describes the relations presented by the mollusks with
environmental factors. Under the context of a characterization, were carried out 5 cruise
oceans, and coastal, obtaining spatial schemas of mollusks and ecological aspects. The results
expressed the importance of the mouth of the rivers, the nearby reef areas, and oil platforms
for the high abundance of mollusks; these habitats and structures, originate a refuge effect.
Multifactorial analyses show strong relationships in sites with depth and habitat affinities.
Mollusks recognize two strata: deep water and shallow water. The group presents positive
relationships with the oxide reduction process. Even when relationships exist positive
statistically with polluting derivatives of hydrocarbons and pesticides, these effects are less
obvious than ecological interactions where processes and habitat preferences are still

important since they routed the community structure. At the local level, the parameters of the
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environment can be typified by a few indicator species; however, for the whole area, it is

preferable to characterize it by applying different measures with different species and groups.

Keywords: Mollusks, distribution, indicator species, Gulf of Mexico, Mexico.

Introduction

The coasts of the Gulf of Mexico are characterized by their high productivity, especially of
species of high commercial interest such as shrimp and pink snail, and several species of scale.
There is also a strong exploitation of hydrocarbons, where the state-owned Petroleos
Mexicanos (PEMEX) has more than 200 platforms for extracting crude oil and natural gas
(Mendoza et al. 2004). In this area, ecological studies of marine benthic communities have
been used from the point of view of fishing and environmental diagnosis, since they are
organisms closely related to secondary production (Rubio-Polania et al. 2018). They are
faithful indicators of problems of contamination and alteration of the environment due to their
close relationship with the substrate, either in a sessile or pivoting way. Among them, the
mollusks group has been one of the most widely used to indicate the health conditions of
marine environments and has therefore defined its close relationship with pollutants and with
exogenous elements that disturb these systems (Franco et al. 2002, Tripp-Quezada et al. 2009,
Cabral et al. 2014, BOEM 2016).

Ecological analyses with this group can give us valuable information about the impact that
fisheries and the exploitation of hydrocarbons have on the marine environment and
distinguish them from those caused by nature itself (Conti and Cechett 2003, Ramirez-Cafiada
2009, Escobar-Briones 2014); especially in environmental contingencies such as oil spills
such as the spills from the Ixtoc-I well (Guzman et al. 1986, Felder and Camps 2009) and
Deep-Horizon (Baqueiro-Cardenas et al. 2007).

With the main objective of presenting a solid baseline for a long-term monitoring program,
this work presents the natural distribution of mollusks in the southeastern Gulf of Mexico and
intends it to serve as an important fraction in the design and implementation of such

monitoring of conditions in that area of the Gulf of Mexico.

-51-



Material and Methods

The study area is located between 22°30' and 18°26' LN and 95°44' and 90°00' LW. It is a
polygon that covers the coastal and oceanic zone from Alvarado, Veracruz, and the
continental shelf of the states of Tabasco and Campeche to the area of Celestin in Yucatan.
The research is based on oceanic and coastal sampling campaigns in the 2005-2009 rainy
season. Fish and invertebrate samples were taken with a commercial shrimp net in both
oceanographic and coastal campaigns (1.5" mesh span) at 47 sites (Fig. 1). The duration of
each trawl was 30 minutes at an average ship speed of 5 knots, representing a trawl distance
of 1 nautical mile. After separation, the frozen invertebrate samples were taken to the
laboratory for further analysis. The analysis procedures generally involve separating the
different groups of mollusks, and the identification and counting of the densities of the species.
Records and interpretation were performed to the highest possible taxonomic definition

(Warmke and Abbot 1962, Abbot 1974, Rehder 1981, Vokes and Vokes 1985).
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Figure 1. Location of sampling sites.

With the data obtained for the mollusks, species-density matrices were elaborated for each
trawl, to obtain later images of diversity (Shannon-Wiener index), a non-parametric
classification (Bray-Curtis index), and community ordination (Biplot Analysis), with which
the relationships between the community structure were obtained, as well as the interactions
that this group presents that allow the structural comparison between this community and the

conditions (Pielou 1977, Orloci 1978, Ter Braak 1995).
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Given that one of the purposes was to know the influence of environmental factors especially
in the sense of a monitoring program, which aims to detect changes in the biota versus
concentrations of elements present in the environment, a step-by-step multiple regression
analysis was used, under the following consideration: Identify if any community macro
descriptor is related to any of the determined variables. To this end, it was considered that the
weights P of the regression measure the average change in the community component being
analyzed when variable X increases by one unit while the other variables remain immutable.
This leads us to consider that first, there is no interdependence between the variables, and

second, they meet normal conditions.

The selected community macro descriptors were Species Richness (S), Diversity (H'),
Abundance (A), and Biomass (B). Independent variables were selected from 134;
Hydrocarbon values, granulometry, physical and chemical parameters of the sediment,
sediment bromatology, and pesticides. Of these, the 19 most relevant for this type of fauna
were chosen, with which the corresponding correlations were made. The criterion used to
analyze the relationship of the parameter with the community components was statistical

significance.

Results

During the sampling, 7430 specimens with a biomass of 83,898 kg were captured. This group
is characterized by 66 genera, representing 85 species of mollusks. Most of the specimens
collected belong to the phylum biocenosis, although part of the thanatocenosis was also

recorded when it was possible to identify it, it was not considered for the statistical analysis.

Two species obtained an abundance of more than 1000 specimens: Amusium papyraceum
(Gabb, 1873) (1573 specimens) and Argopecten gibbus (Linnaeus, 1758) (1821 specimens).
Although numerous works talk about the benefits of river mouths to maintain a great diversity
and abundance of benthic organisms, in this work the high abundance of mollusks is also
confined to specific localities, a station near oil activities, and an oceanic station. The
cephalopod Doryteuthis pealeii (Lesueur, 1821) (36.08 kg) and the gastropod Strombus
pugilis Linnaeus, 1758 (14.337 kg) are the heaviest.

The squid, D. pealeii, came in different sizes, even in the same season. The highest and lowest
species richness for mollusks is shown in Table 1 of all the samples obtained. The other

parameters of ecological diversity found are shown in Table 1. Mollusks have the highest
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value of ecological diversity at site 31 (3.69 bits-ind™'.), this station is considered close to oil
activities; The minimum values were presented at 11 sites, whose value was zero (bits:ind!.),
represented by a single species. The highest evenness was obtained at sites 14 and 40, the
lower near river mouths and lagoons, and the latter oceanic. As in the previous case, the

lowest evenness were presented in the same 11 stations of zero diversity (Table 1).

Table 1. Richness (S), Ecological diversity (H’), maximum (Dmax), minimum(Dmin) diversity and

evenness (J7) of mollusks in the southeastern Gulf of Mexico.

SITES S H’ Dmax Dmin J’

1 3 1.500 1.585 1.500 0.946
2 4 1.535 2.000 0.306 0.768
3 5 2.252 2.322 2.252 0.970
4 5 2.042 2.322 0.507 0.879
5 3 0.492 1.585 0.013 0.310
6 10 0.664 3.322 0.098 0.200
7 3 1.322 1.585 0.866 0.834
8 2 0.918 1.000 0.650 0.918
9 14 1.678 3.807 0.283 0.441
10 9 2.427 3.170 0.761 0.766
11 5 2.059 2.322 1.880 0.887
12 2 0918 1.000 0.918 0.918
13 1 0.000 0.000 0.000 0.000
14 2 1.000 1.000 1.000 1.000
15 2 0.811 1.000 0.811 0.811
16 1 0.000 0.000 0.000 0.000
17 1 0.000 0.000 0.000 0.000
18 2 0.918 1.000 0.503 0.918
19 1 0.000 0.000 0.000 0.000
20 1 0.000 0.000 0.000 0.000
21 1 0.000 0.000 0.000 0.000
22 3 0.748 1.585 0.244 0.472
23 1 0.000 0.000 0.000 0.000
24 2 0.310 1.000 0.133 0.310
25 6 2.087 2.585 0.690 0.808
26 1 0.000 0.000 0.000 0.000
27 10 2.755 3.322 1.673 0.829
28 7 2.725 2.807 1.339 0.971
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29 1 0.000 0.000 0.000 0.000

30 12 2.492 3.585 0.797 0.695
31 20 3.699 4.322 1.123 0.856
32 1 0.000 0.000 0.000 0.000
33 10 1.519 3.322 0.779 0.457
34 5 1.443 2322 0.243 0.621
35 9 0.374 3.170 0.098 0.118
36 2 0.722 1.000 0.722 0.722
37 4 1.341 2.000 0.339 0.671
38 1 0.000 0.000 0.000 0.000
39 2 0.469 1.000 0.211 0.469
40 2 1.000 1.000 0.650 1.000
41 3 0.331 1.585 0.034 0.209
42 11 1.404 3.459 0.174 0.406
43 9 2.658 3.170 0.810 0.838
44 4 1.378 2.000 0.352 0.689
45 3 1.149 1.585 0.549 0.725
46 8 1.492 3.000 0.333 0.497
47 2 0.918 1.000 0.650 0918

The abundance of the mollusks, according to the analysis of the grouping of the sites and at
the same cut-off level in their dissimilarity, formed only 2 groups with multiple sub-
assemblies that typify the magnitude of the abundance and with high heterogeneity in terms of
the characteristics of the site: Group I is made up of 28 stations that correspond to all areas.
The second group involves 19 stations with two sub-clusters with a higher level of

dissimilarity (Fig. 2a).

The biomass presents an assemblage of sites that make up three groups with very
differentiable sub-assemblages: Group I present more than 50% of the stations (26 of 47) with
two sub-groups, the first with more stations and the second with only 5 (of 26), most of them
located in the oceanic part with two exceptions that correspond to coastal areas. Group II has
strong assemblages, all of them from the oceanic zone. Group III has two groupings, the first

of which is typified by coastal stations and the second by oceanic stations (2b).
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Figure 2. Cluster the sampling sites according to the Bray-Curtis criterion, taking as a descriptor the
abundance (a) and biomass (b) of the mollusks. The groupings obtained and the geographic location of each

site is shown.

The spatial arrangement of the sites with the abundance of mollusks as a descriptor, presents a
large conglomerate intimately related to the axes origin, five sites are separated from this
general pattern, the most distant are: 5 and 25, the first in the near of the coastal zone and the
last close to oil activities, both with high abundance values and very frequent in the sampling;
On another plane, station 6 is placed at a similar distance, also with values above 1000
organisms, also corresponding to the coastal part. Sites 41, 42, and 9 are closer to the axes

origin, all of them oceanic, but with medium densities (around 500 organisms) (Fig. 3a).

The abundance of mollusks species forms a large conglomerate with little spatial variation,
the most abundant and frequent species are separated from it: Doryteuthis pealeii, Argopecten
gibbus and Amusium papyraceum (Fig. 3b), the variance explained with this attribute is 95.20

on the three axes, the first being the most important.

In terms of biomass, mollusks have a gradient pattern ranging from 3 kg (station 31) at one
end to 12 kg (station 9), leaving site 42 (11 kg) far from any association, as in the previous
cases, most of the stations occur in a conglomerate very close to the axes origin (Fig. 3c¢). The
species also form a compact group close to the axes origin, with two associated species:
Antillipecten antillarum Récluz, 1853 and Euvola ravenelli (Dall, 1898) and two distant

species: Argopecten gibbus and Doryteuthis pealeii, the latter two being the ones with the
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highest biomass, while the first two have medium biomasses but their frequency is scarce in

the network of stations analyzed (Fig. 3d).
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Figure 3. Spatial distribution of mollusk sites and species about abundance (a, b) and biomass (c, d) as

descriptors.

This group is the only one whose 2 main axes have a similar weight in the explained variance
(41% and 35% respectively), which shows that mollusks are a group that can respond in at

least two ways to the conditions of the environment.

Table 3 shows the relationship between the macro descriptors and the variables analyzed.
Only the most important relationships are shown, highlighting statistically significant ones
and P weights assigned. The abundance of the mollusks group shows 6 important variables,
three of them (abundance of fish, proportion of silt in the sediment, and total Polycyclic
Aromatic Hydrocarbons), were statistically significant, the observed values versus calculated

and residual values are shown in Figure 4a.

Biomass only shows four important variables, of which only fish abundance is statistically
significant, observed values versus calculated and residual values are shown in Figure 4b.
Species richness shows three important variables, of which organic carbon and fish abundance
are statistically significant, the observed values versus calculated and residual values are

shown in Figure 4c. The diversity of this group shows 5 important variables, the proportion of
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silt in the sediment and the REDOX, were statistically significant, and the observed values

versus calculated and residual values are shown in Figure 4d.
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Figure 4. Observed versus calculated and residual values between the community parameters of molluscs:

a) Abundance, b) Biomass, ¢) Species richness and d) Diversity, in relation to environmental conditions.
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Discussion

Human activities that take place in the coastal zone or in the basins that drain into it, such as
agriculture, livestock, exploitation of fossil fuels, and urban development, can alter the nature
of the marine and coastal environment, almost always in a negative way, affecting the well-
being of marine organisms and finally, among other components, the sectors that affect it
(Committee on Effective Approaches for Monitoring and Assessing Gulf of Mexico
Restoration Activities 2001). The impact not only affects local but can also affect regionally
and to an increasingly acute degree (Flint, 1981, Garcia-Cuellar et al. 2004, ITOPF 2005,
Garcia-Cuellar 2006).

Given this problem, inherent to development in the coastal zone, it is essential to take action
to reverse the negative effects and ensure that both the use of resources and their conservation
for future generations are allowed. One of the first activities is both the assessment of the
current state of an ecosystem and the periodic monitoring of its resources and the
communities that inhabit it (Flint and Rabalais 1981). Hence a need for indicators that reflect
the state of the ecosystem or its communities with other factors in the system (Gonzalez and

Torruco 2001, Ramirez-Caniada 2009, Tripp-Quezada et al. 2009, Torruco et al. 2018a).

One of these indicators is the benthic fauna, since the relative ease of sampling due to its
sessile or scarcely vagile way of life, and identification of organisms, makes it an attractive
environment, however, given the wide diversity of species that make it up and their different
responses to the local and temporal variability of physical and chemical factors, it is pertinent
to limit the usefulness of some groups as bioindicators of natural or anthropogenic changes or
alterations in marine systems (Garcia-Valencia and Diaz 2000, Garcia-Cuellar et al. 2004,

Sabatini and Calcagno 2015, Torruco et al. 2018).

Historically, the study of benthic communities in the Gulf of Mexico has followed two
patterns: 1) the identification of factors that determine benthic community structure and 2) the
assessment of benthic community health as an indicator of environmental disturbance
(Shepard ef al. 2013, Murawski et al. 2018). Likewise, these types of organisms have been
used extensively as indicators of the status and trend of marine and estuarine environments, as
numerous studies have shown that benthic fauna responds predictably to many types of
environmental disturbances, natural or anthropogenic (Grall and Glénmerc 1997, Morys et al.

2017).
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Invertebrates in general and the dominance of different groups respond to the enrichment of
organic matter and oxygen gradients and other environmental factors, which can define stages
of degradation of different communities (Grall and Glénmerc 1997). Flint & Kalke (1986),
Manino & Montagna (1997), and Riba et al. (2004), have found that sediment characteristics
such as sand or organic matter content across a gradient can influence the distribution of
benthic fauna. In our case, the differences in the mosaic of sediment types found at the bottom
of the Gulf of Mexico are shown in two aspects: a sharp division in the Campeche Sounding
with two types of sediment (one rocky and the other silt-clay) and a gradient of organic matter
content, sediment composition, oxygen, and salinities. caused by the mouths of rivers into the
sea. The distribution patterns found in the malacofauna are likely due to the point sources of
spatial variation of other environmental factors such as salinity and sediments with the
contribution of water from the rivers since this modifies the contents of sand and organic
matter and generates a gradual variation along the mouths. that fades away from the coast.
However, these patterns will likely change as the year progresses, as river discharge is
different in dry and rainy periods, in addition to the effect that cyclones and tropical storms

can have.

The assemblages of benthic organisms reflect local environmental conditions, as due to their
low mobility they cannot avoid adverse conditions, which is an advantage for environmental
assessments (Weisberg ef al.1997). However, the structure of these assemblages can respond
to several types of environmental disturbance because they include organisms with a wide
range of physiological tolerances, feeding patterns, and trophic interactions; However, some
of them can characterize a site and be stable over time if the disturbance is periodic and
predictable (Engle et al. 1994, Huidobro ef al. 2018). On the other hand, in some regions of
the Gulf of Mexico, there is an alternation of species and changes in their assemblages, which
it is not possible to detect even annually because their change is very subtle since they are bi-

or three-year cycles (Torruco 1988, Garcia-Valencia and Diaz 2000, Clare ef al. 2015).

The synthetic table formed with the results of the multiple regression (Table 3) shows that no
element is statistically significant for all the descriptors analysed since some represent a
relationship with a particular one; However, some elements have positive or negative
relationships with one or two descriptors. An interesting aspect is the presence of variables
that are specific to only a single descriptor, which provides evidence that the responses to
each of the environmental variables are different and that the tolerance threshold is also

different for each class of mollusks, this influences the results of the different trophic
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strategies. of competencies for resources and habitats possessed by each of the classes that
make up the group. An important relationship is that of mollusks with fish abundances, which
can corroborate the trophic interaction of both groups, where fish make horizontal migrations

in search of food in the great mosaic of habitats used by benthic invertebrates.

Table 3. Step-by-step multiple regression values of the community parameters of the different groups as
dependent variables versus environmental parameters as independent variables.

# of # of Dependent Independent Multiple R? F P Intercept Standard
Cases Steps variable Variables and R Error
Beta Weights

55 6 Abundance Fish Abundance 0,52 0,28 3,11 0,011 479,01 180,75
=0.342
Silt =-0.33
Total PAHs =
0.355
DDTs =-0.18
PCBs=-0.18
Depth =-0.14

55 4 Biomass Fish Abundance 0,50 0,25 427 0,004 1716,52 1715,24
=0.460
Silt=-0.22
Organic Carbon =
0.259
REDOX = 0.141

55 3 Species Organic Carbon 0,45 0,21 40,52 0,006 -1,20 1,71
Richness =0.466
Fish Abundance
=0.314
REDOX = 0.227

55 5 Diversity Silt = 0.380 0,49 0,24 3,15 0,015 -0,74 0,58
REDOX = 0.309
Organic Carbon =
0.298
APM PAHs =-1.3
Total PAHs = 1.12

Statistically significant variables

Some relationships may be caused by a direct effect between the environmental factor and a
macro descriptor, such as REDOX or total Polycyclic Aromatic Hydrocarbons (PAHs). On
the other hand, it is important to mention that some variables have high relationships with

each other and that possibly concatenates the effect on the mollusks.

From the relationship between environmental factors and community macro descriptors, it can
be inferred that even when there are pollutants derived from hydrocarbons or pesticides, the
effect of these is less evident than the effect of ecological interactions where the processes of
competition for resources, predation, and habitat preferences continue to be for this fraction.
They are very important, as they direct the structure of the malacological community. To
know how the macro descriptors of the mollusk community are presented with the
environmental variables, the BIPLOT analysis shows a layout in the n-dimensional space that
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corroborates what was obtained with the multiple regression, highlighting the importance of

fish abundance and the fraction of silt and organic carbon (Fig. 5)

Even when the development of the activities of the oil and fishing industry results in a long-
term deteriorating impact on the communities of the continental shelf (Flint 1981, Garcia-
Cuellar 20006), this is not easily shown. Therefore, limited field and laboratory studies should
be established to establish the natural fluctuations of key organisms to differentiate them from
those caused by oil activities, this means that it is necessary to have the time component in
these natural fluctuations, which is not available with this type of analysis. However, it is
understandable that this component is more difficult to please, given the magnitude of the

study and the high sampling costs.

Conclusions

The conclusions that can be drawn from this work can be summarized as follows: Molluscs
have greater magnitudes both in richness and density (abundance and biomass) in areas near
the mouth of rivers, which are probably breeding and growth areas according to size sizes.
The area of oil platforms causes a refuge effect that leads to high abundances of intermediate
sizes, However, some oil-producing stations have the lowest densities. Classification and
sorting analyses show clusters of related stations in both space and characteristics. At least
two strata are present: deep water and shallow water in a mosaic of habitats. Mollusks interact
with fish, which can mean a feeding relationship. Areas close to reef conditions show high
densities, especially with gastropod mollusks. All groups have positive relationships with

redox.
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