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Abstract

During 2016 and 2018, three oceanographic field trips were carried out on the Yucatan Shelf in the Gulf of Mexico, to obtain a baseline that
characterizes the region in several components that allow the establishment of the biological-ecological conditions. From this general objective,
this work is based on the study of the invertebrates of the megafauna, captured with commercial trawl nets. In a comprehensive approach of all
the cruises that have been obtained under the general project, 47 benthic trawls were carried out covering an area of 90 260.8 m2, the depth
range was from 40 to 650 m. The Phyla number was 9, with 302 species in 26 147 organisms weighing 359.13 kg-ha’. The total ecological
diversity of megafauna measured under the Shannon-Wiener was 5.86 bits-ind ™. Five species are the most dominant, however, only one sponge
reaches 10% dominance of the entire community. Megafauna is diverse, with the highest abundance of groups and species at sites close to coral
reefs. About the interactions that occur with the variables of the environment, the community descriptors of phyla No., richness, abundance, and
biomass were related to factors such as oxygen and heavy metals, but more frequently to the abundance and biomass of fish, presenting evidence
that biological interactions are fundamental in the structuring of megafauna.
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Introduction

of species alone have little power to explain ecosystem processes,
as these are determined by the traits of the ecological effect
of the organisms involved [6,7] and their habitats. Trait-based
indices can be a promising tool for meeting social, political, and
environmental demands.

The increasing exploitation of natural resources poses a
growing threat to many ecosystem functions and associated
services [1].Inmarine systems, theincrease in water temperatures,
overexploitation by fishing, and construction of facilities in
offshore factors are just some of the stressors that progressively

change the benthic structure of the communities and influence bottom

Key services such as biogeochemical cycles,

ecosystem functioning (e.g., cycle biogeochemistry, sediment
mixing, interspecific relationships, etc.) [2-5]. Consequently,
descriptors easily key ecosystem functions are becoming more
important for both politics as well as science. Over time, coastal
ecosystems have allowed man to have a large number and variety
of resources to meet his needs, not only of the riverside inhabitants
but also of those further away.

However, despite this situation on the coasts, there is a notable
lag in Mexico’s knowledge, use, and proper management of these
resources. The scientific society and the leader underscore the
urgent need for a broader set of diversity indicators aligned with
valued functions. The taxonomic identity, abundance, or biomass

mineralization, oxygen regulation, etc. are strongly influenced by
invertebrate activities in reprocessing (ventilation, etc.) in and
over sediments [8-11]. Especially in shallow marine areas, bio
irrigation benthic fauna activity is important for biogeochemical
cycles [12-14]. In addition to this ecological importance, they are
the base of the food chain of vertebrates and other invertebrates,
they have the ability to modify the characteristics of the sediment
in which they are found, affecting other smaller groups such as
the macro and meiofauna [15], they have close relationships with
aspects such as sedimentation [16], quantity and quality of organic
matter [17], distance from the coast [18], depth [19], latitude
[20] and present various ecological relationships (predation,
mutualism, parasitism, symbiosis, commensalism) [21].
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As a group, megafaunal invertebrates are heterogeneous
in several facets, ranging from the phases of their life cycles,
their motility, their size, their permanence in their habitats, and
their behavior [16,22]. Above all, if some groups have colonial
representatives such as the poriferan, cnidarians, phoronids, and
hemichordates, they have a particular morphology (depending on
the phylum), which makes it difficult to treat them statistically-
mathematically and consequently to interpret the role they play
in the total ecosystem. On the other hand, benthic communities
are the most affected by anthropogenic activities (fisheries, oil
and gas extraction, mining, waste dumping, etc.). Therefore, it is
essential to have a record that serves as a baseline to differentiate
these effects from those caused by nature. The growing coastal
development, and the rapid and extensive extraction of natural
resources in general, should alert leaders and those responsible
for authorizing these activities. That is why, to correct the
lack of information to form this baseline, we are analyzing the
invertebrates that occur in the Yucatan continental shelf.

Of the works that have been carried out with the megafauna
are those of Torruco et al. [23], Murawski et al. [24], and those of
Ramirez et al. [25] with the ichthyofauna fraction, other studies
include invertebrates but it is a single phylum, or a single group
of a certain phylum as is the case of crustaceans [26,27] with
invertebrates as a group, we have the works of Rubio-Polania et
al. [28] and Torruco et al. [29].

Materials and Methods
Area of Study

The continental shelf of the northern Yucatan Peninsula is
characterized by having a very low slope (~1:1000), and a very
characteristic circulation with consistent and periodic behavior,
where the current pattern is dominated by the action of the trade
winds that give it momentum predominantly to the west. [30]
Tidal variability can modulate the intensity of the currents but
does not affect their direction. Meza-Padilla et al. [31] suggest that
the Yucatan Current comes from the Caribbean and generates the
loop current, it also has an important influence on the currents
in the Yucatecan shelf, it is possible to observe within the shelf
weak eddies and trends of currents towards the coast and away
from the continental shelf. On the other hand, the bodies of water
that influence the northern Yucatan shelf have a marked seasonal
behavior. The sea surface is dominated by Caribbean surface
water and both with high temperatures (25 to 30°C), which are
strongly influenced by thermohaline processes that occur on the
Peninsula’s north coast, which generate waters with a high salt
content (hyperhalines), due to the intense evaporation that occurs
in lagoons and shallow regions. These waters are exported from
the Yucatan shelf by the ocean currents and reach the Gulf of
Mexico carrying properties and materials on their way [32].

MEXICO

Figure 1: Location of sampling sites. The trawl sites are shown.

J

Sixteen stations were defined in each of the three cruises,
covering the Yucatan shelf (Figure 1). A total of 47 trawls were
performed with commercial nets (18 m opening, 20 m length, 1 %

inch mesh span, and a 1 % inch collector flake). The trawls were
carried out by commercial shrimp boats and each of them lasted
approximately 30 minutes at a speed of 2-3 knots.
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Methodology

From the captured fauna, the invertebrates were separated
from the megafauna, weighed, and separated by taxonomic
groups. Subsequently, they were frozen for transfer to the
laboratory where they were identified, counted, measured, and
weighed. The data were standardized to org/ha and were used
to develop species-density matrices (abundance and biomass) for
each station to later perform statistical analyses to obtain images
of the community descriptors of this fauna.

Statistical analysis

The ecological descriptors that were quantified in the
different communities are indicators of ecological processes that
regulate both the community itself and the different types of
habitats that have a certain abundance and specific richness. In
this case, it is presented the hypothesis that species richness and
density of the different groups do not present variations in the
different areas sampled. If this hypothesis is not accepted, then
the variations in density may be related to the abundance and/or
biomass of some groups that channel resources more efficiently,
giving a relationship of dependency inter and intraspecific, as well
as differences in habitat complexity. Under the premise that a total
characterization of the area is convenient in this integrative report
to make a baseline [33], the megafauna was analyzed jointly with
all the groups, referring to each cruise.

For ecological diversity (H’), the Shannon-Wiener index [34]
was used, and Pielou’s [35] proposal ], was used to approach

equitability. An important parameter in this characterization
is given by the Importance Value Index (IVI), which defines the
dominance of each species in the community [36], where they
are conjugated with various parameters such as relative biomass,
relative abundance, and relative frequency. Finally, to define the
degree of relationship between the variables recorded for the
area with the community descriptors of the invertebrates of the
megafauna (Richness, Biomass, Abundance, and Phyla Number),
a multiple correlation was first carried out to take as a selection
criterion the highest weights f, and then a canonical multivariate
analysis was carried out to obtain the environmental variables
that have the greatest influence with the community descriptors
of the invertebrates [37], the selected variables were: Lead,
Cadmium, Nickel, Aluminium, Vanadium, REDOX, Organic Matter,
Fine Sand, Very Fine Sand, Gravel, Salinity, Oxygen, Temperature,
Total Aliphatic, Total Hydrocarbons, Total Carbon, Total PaH’s,
Fish Biomass, Fish Abundance and Depth.

Results

Given the lack of information on the continental shelf of the
State of Yucatan, the characteristics of each of the cruises carried
out are shown in table 1. The trawls carried out in this area in the
three cruises were 47, in all the cruises a similar number of trawls
were carried out (15-16); the longest drag time was performed on
the second cruise and a larger area was also swept (Table 1). The
depth range was from 40 m to 650 m, in general, 30 trawls were
made less than 100 m and 17 more than 100 m (Table 1).

Table 1: Characteristics of cruises on the Yucatan Shelf about the invertebrates of the Megafauna.

Descriptor GOMEX_IV (April 2016) GOMEX_V (August -2016) GOMEX_VI (August-2018) Totals
Trawl No. 15 16 16 47
Swept Area (m?) 16 810.10 41847.34 31603.42 90 260.86

Trawl Time (hrs) 4.3 7 4.9 162
<100:6 <100:12 <100:12
Depth (m) 100 -200: 9 100-600: 4 100-150: 4 <100:30>100:17
Phyla 9 8 6 9
Richness 167 228 147 302
Abundance
(Org-ha) 2520 16 082 7 545 26 147
Biomass
(Kg-ha) 41.5 216.7 100.93 359.13
Diversity (H')
(bits-ind-1) 4.649 5.855 4.494 5.86
Equitability (J’) 0.682 0.809 0.649 0.747

The number of groups was 9 represented by the following
Phyla: Arthropoda, Mollusca, Echinodermata, Cnidaria, Spongia,
Sipunculida, Phoronida, Annelida, and Cordata. The last four were
sporadic and not very diverse, while the first four were diverse and
plentiful, though not on all cruises. Species richness was generally

high, with a total of 302 species, the highest value reported on
the second cruise (228). The greatest abundance occurred on the
same cruise ship (16,082 org-ha!) and consequently, the largest
biomass (216.7 kg-ha'). The highest diversity value was recorded
on the second cruise, reaching 5,855 bits-ind™!; however, all cruises
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had values greater than 4 bits-ind ! and in general, all megafauna
reached a value of 5.86 bits-ind! (Table 1). Equitability showed
the highest value on the second cruise (greater than 0.8), although
the total value was 0.747.

Analyzing the descriptors of the community with depth, for
each of the cruisers, a series of graphs are presented that show the
position of the different sampling sites and the values obtained, to
have a reliable idea of how many Phyla the visualized descriptors
represent.

e B\
A B [
L 8a @ @ 9
: . g, o Ak 9
) .
Q J
Depth (M) Depth (m Depth m
[ E F
| > | Epeo
: J
0. Q9
D"*_h m) i m
H i
2
5
g
2
2
Figure 2: Descriptors: No. of Phyla, Wealth, Abundance, and Biomass of the invertebrates of the megafauna about depth in each of the
three cruises carried out on the continental shelf of Yucatan. All of them showed high variability in the shallow areas.
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Phyla number

On the first cruise, the greatest number of Phyla were recorded
at shallow depths (<50 m) and the lowest number at depths
around 100-200m (Figure 2A). For the second cruise, the number
of Phyla was highest in the shallow localities around 100-200m
(6 Phyla), but also at these depths, the lowest number of phyla
(4) occurred. At depths greater than 500 m the number of Phyla
was high (6 Phyla) (Figure 2B). In the third crossing, the highest
number of Phyla obtained was recorded in the area between 40
and 60 m (6 Phyla), the number of Phyla decreases towards 100
m, although it is variable (2-5 Phyla) (Figure 2C).

Species richness

For the first cruise, species richness presented the highest
values (55-52 species) in shallow depths (<50 m), at 100 m the
values are lower (19-4 species), and around 200 m the range is
19-5 species, only the number of phyla is reduced (Figure 2D). For
the second cruise, the highest species richness (85 species) was at
shallow depths (<200 m) but the lowest value was also recorded
(8 species); from the 600m area, 48 species with several phyla
were present (Figure 2E). In the last cruise, species richness was
more evenly distributed in each cruise from 44 to 140 m; however,
the greatest number occurred at depths of about 30 m (Figure 2F).
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Abundance

The abundance recorded on the first cruise is very high at
depths of around 200m (1075 org-ha! the highest value), and
decreases in shallower areas, presenting its minimum value (18
org-ha') at depths of around 100m (Figure 2G). In the second, the

highest abundance was obtained in about 200m (3476 org-ha?)
and the lowest abundance occurred in localities near 100m (111
org-ha?) (Figure 2H). In the last cruise, the highest abundance
was around 60 m (2029 org-ha?), and the lowest was around
140 m (90 org-ha™), the other sites fluctuated between 1118-147
org-ha! (Figure 2I).
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Figure 3: The invertebrate species of the Yucatan Continental Shelf megafauna are represented, which reached the highest percentages of
dominance (IVI) between 10 and 2 %), but together they account for 40.82% of the total of 299 species recorded.
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The biomass of the first cruise follows a pattern like its
abundance, as it is high in depths around 50m (11.6 kg-ha™ as
the highest value), decreases by about 100 m (0.3 kg-ha), in all
sites near this depth, the biomasses are low, increasing slightly
at 200 m (0.9-6.1 kg-ha') (Figure 3]). On the second cruise, the
highest biomass reached was 75.33 kg-ha in areas close to 200
m. In stations around 100 m, the biomasses are variable from 0.3
to 44.1 kg-ha!, at depths greater than 500 m, there is a biomass of
7.2 kg-ha* (Figure 3K). The highest biomass of the last cruise was
around 70 m (20.02 kg-ha?), and the lowest was between 100 and
120 m (1.86 kg-ha'); However, between 30 and 40 m there was
also a site with low biomass (1.87 kg-ha) (Figure 3L).

Dominance

Regarding the dominance of the species, in the invertebrates
of the megafauna, there is no (awesome) overwhelming
dominance, since the most oppressive species barely reaches
10% of the IVI (index of the importance value). Five species are
the most important: two sponges, two decapod crustaceans,
and a starfish (Figure 3), representing the groups of Sponges
(Neopetrosia carbonaria and Cervicornia cuspidora), Echinoderms

Nibilida anthilocapra). The group of molluscs and cnidarians,
being abundant and of many species, but present in a single cruise,
did not reach higher percentages in the index.

Canonical analysis

Concerning the canonical analysis, in the first cruise the
abundance of the invertebrates of the megafauna shows a
relationship with dissolved oxygen, while the phyla number and
richness are close to the metals nickel and vanadium, the biomass,
on the contrary, moves away from them and approaches the Total
PaHs; The 3 canonical axes explain 77.12% of the variance (Figure
4A). In the second cruise, the biomass, richness, and abundance of
the invertebrates of the megafauna are related to the abundance
of fish; while the phyla number is related to the depth, both
variables are very close to the origin, in this case, the variance
explained by the 3 axes is 58.56%, 18.5% lower than the first
cruise (Figure 4B). For the last cruise, the arrangement of phyla
numbers, abundance, and biomass of megafauna invertebrates
are located close to fish abundance and biomass, while species
richness is located solitary; the value of the variance explained by
the three axes is 70.64%, 6.48% lower than the first cruise and
12.08% higher than the second (Figure 4C).
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Figure 4: Spatial representation of the relationships between environmental variables and community descriptors of megafauna invertebrates
in the 3 cruises. The connection between the richness, abundance, and biomass of megafauna invertebrates and the variables considered
is shown.
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Discussion range from the most simplistic based on information on the

The use of organisms as bioindicators in the quality
assessment and monitoring of diverse ecosystems has been widely
documented [38,39]. Among them, benthic invertebrates have
been recognized as organisms that meet the requirements and in
turn offer numerous advantages to be considered as indicators of
quality in aquatic ecosystems, such as

a) being found in all aquatic systems, thus favouring
comparative studies

b) their sedentary nature, which allows effective spatial
analysis of the effects of disturbances [40].

Therearenownumerousbioticindicatorsbased oninformation
from various benthic groups to assess the environmental status
and quality of the benthic habitat of estuarine and marine
ecosystems at local and regional scales [41]. These indicators

richness and diversity (e.g. H, richness indices) of the benthic
community, to the most complex employing multidimensional
models to integrate biological information and environmental
factors to build descriptive and predictive models of the state of
the ecosystem [42]. In this context, the following can be inferred
from the analysis of the data: The area with the greatest variability
was the shallow zone (<100-200 m) since the highest values
were obtained in all descriptors, but also the lowest. Beyond 500
m, the values obtained were average. The abundance-biomass
relationship indicates that organisms of variable size were found
in the studied areas and consequently abundances and biomasses
were also variable.

Some authors [24,43] mention that shallow and coastal
environments are highly variable because the characteristics of
the communities are influenced by the environment, which are

How to cite this article: Torruco D, Gonzalez Solis M A. The Megafauna Invertebrates on the Continental Shelf of the Yucatan Peninsula: Ecological
Characterization. Oceanogr Fish Open Access J. 2023; 16(5): 555949. DOI:10.19080/0F0A]J.2023.16.555949


http://dx.doi.org/10.19080/OFOAJ.2023.16.555948

Oceanography & Fisheries Open access Journal

the essential factors that define their structure and consequently
the functioning of benthic communities. However, in these cruises
there was an ambiguity, 107 species were represented by only 1
individual, including these, 193 more species were only present in
one cruise reaching a total of 300 species with this characteristic,
while 128 species were more frequent in 2 or all 3 cruises as
predicted by Preston [44]. This scheme has great significance in
the ecological diversity of megafauna invertebrates, achieving
high values. The diversities for each group could be lower than
those of the total invertebrates, with similar values reported for
specific groups by other authors [45-47]. The phyla Arthropoda,
Mollusca, Echinodermata, and Cnidaria were the most abundant
and diverse, which is consistent with what was reported for the
Gulf of Mexico [48-50].

It is predicted that marine communities, in general, should
show significant variations in local and more specific species
richness within sites because of ocean transport [45]. But in
our case, with megafauna invertebrates, these positional effects
on local species richness are also modified by a variety of other
variables (i.e. reproductive aggregations, growth habitats, patches
with different sedimentological characteristics and/or size,
temperatures, oxygenation, etc.), so that in all three cruises this
descriptor is spatially solitary. However, an important aspect
in the explanation of the lack of patterns could be the patchy
habitat that occurs on the bottom and that would maintain the
causal mechanisms of the absence of patterns, in addition to
the proximity to coral reefs, which would act as a provider and
reservoir of species. Although the approach detects the responses
of individual taxa to environmental stress, it can be difficult to
confirm which ecological functions are driving these responses,
organisms that appear to function similarly in ecological roles do
not always respond to stressors in the same way [51,52]. Because,
although they share some important attributes, they are likely to
differ in other, more subtle ways.

Ithasbeen postulated that, in the tropics at small sites, the ratio
of species richness should be controlled by the local environment
[53,54], as is possibly the case on the Yucatan continental shelf,
where physical/biological factors seem to be the most important
factors in the region address the abundances and biomasses
of invertebrate fauna on all cruises. With abundance, it would
probably be physical and chemical factors, where there is evidence
of certain dynamics of the bottom that change over time and that
originate complex relationships between these descriptors and
oceanic variables, while with biomass it is plausible that there is a
relationship with the abundance and biomass of fish (predators),
which would give evidence that there is a certain relationship of
intraspecific interdependence. However, we should not rule out
that both scenarios may also occur at the same time, giving rise to
a complex result between these relationships.

Concerning dominance, the results indicate that there is
no one species that achieves preponderant dominance over the
others in the megafauna, which makes a flexible coexistence and

007

implies that the interactions between the species are lax, where
each species and/or groups of species obtain the necessary
energy from different sources to prevail and consequently, they
have multiple responses to changes in their environment. About
the groups, the dominance of crustaceans and echinoderms
is like that reported by other authors [55-58], who have also
reported these groups as numerically dominant. Two species of
sponges are among the most dominant and the limit imposed
on the 5 most important species, is a consequence of the habitat
where they occur (close to coral reefs). The identified species are
organisms with great adaptive capacities and their dominance
may be regulated by the trophic spectrum or by their permanence
in a given habitat [59-62].

Conclusion

a) To understand the community structures in the three
cruises and the processes that influence the determination of
biodiversity, we have the following:

b) 9 phyla were recorded in the area, with 302 species,
reaching a total diversity of 5.86 bits/ind.

c) Five important taxonomic groups were detected:
crustaceans, echinoderms, sponges, cnidarians and molluscs.

d) The dominance of megafauna species was given by
sponges, crustaceans, and echinoderms in general. However,
with this dominance in cruises of adjacent areas [62] there is
an alternation of species in these groups, where molluscs and
cnidarians enter this alternation.

e) The abundance and biomasses showed differences and
are not due to the number of trawls made in each one, since they
were similar, highlighting differences between the three cruises,
nor was it a reflection of the time of year since the last two cruises
were in August and were different. Consequently, there is still no
determining pattern of richness, abundance, and biomass in this
area. However, it can be shown that the variability in the shallow
zone is very evident since both species’ richness, abundance, and
biomass can have maximum and minimum values in that area and
only depend on the position of the season.

f)  The greatest variability in community descriptors
(richness, abundance, and biomass) is presented at stations near
coral reefs. - No annual, interannual, or seasonal pulses were
detected.

g) There is no strong evidence of descriptors’ dependence
on depth.

h)  The abundance/biomass ratio indicates that organisms
of varying size and abundance occur in all areas.

i)  There will likely be a differentiation in the platform as
described by Gonzalez (1989) with the group of molluscs, but to
test this hypothesis it is convenient to carry out larger cruise ships
with a greater number of stations.
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j)  With this fraction of the megafauna, no significant signs
of disturbance were detected on these cruises.
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