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Introduction
General invertebrate megafauna distribution extended from 

the intertidal zone to the hadal zone [1,2]. Despite their wide 
distribution, very little data is available on benthic invertebrate 
megafauna[3]. This is mainly due to the methodological challenges 
of quantitative sampling [4,5], especially morphological 
differences in the different Phyla in the group, as well as their 
different life stages, which can occur in very different habitats 
[1,6]. This group is ecologically important because it constitutes 
the foundation of the vertebrate food chain. In addition, they 
can modify the characteristics of the sediment in which they 
are found, thus affecting other smaller groups like macro- and 
meiofauna [7]. Their distribution is closely linked to aspects 
such as sedimentation [8], organic matter quantity and quality 
[9], distance from the coast depthand latitude[8,7,10]. They also 
exhibit varied ecological relationships, including mutualism, 
parasitism, symbiosis, and commensalism [11], among others. 
Benthic invertebrate megafauna communities are some of 
the most affected by anthropogenic activities (e.g. fisheries, 
hydrocarbon and gas extraction, mining, waste disposal, etc.)
[12,13]. Baseline data are therefore essential to differentiate 
between natural and anthropogenic impacts.Knowledge on 
these communities in the Gulf of Mexico has largely come from 
assessments done in the northern Gulf under Unites States 
jurisdiction. This area has seen intense industrial development 
since the 1930’s, when hydrocarbons were discovered in 
the coastal areas of Louisiana, Texas, Alabama and Florida  

 
[14]. Identification of hydrocarbon deposits in the Mexican 
portion of the Gulf in the 1970s triggered intense exploitation 
and exploration, which accelerated the country’s economic 
development and environmental deterioration (mainly due to 
industrial waste and spills). Gathering quantitative data on biotic 
communities distributed in potentially affected zones is vital 
to developing the basic knowledge needed to create programs 
designed to protect the presently high biodiversity and prevent 
and mitigate any possible anthropogenic impacts[15].

Study Area

Figure 1: Sampling site locations in the Perdido Fold Belt area 
off the northeast coast of Mexico.
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Four oceanographic campaigns were done in the Perdido Fold Belt zone of the Gulf of Mexico during 2016 and 2017 to generate baseline data 
on several macrodescriptors to characterize the region and establish existing biological-ecological conditions before hydrocarbon exploitation 
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The coast immediately west of the Perdido Fold Belt is in 
the state of Tamaulipas, in northeast Mexico [16]. Regional 
climate is semiarid, with an average annual temperature of 18°C 
(±14°C) and average annual rainfall of approximately 800mm.
This precipitation level is intermediate, and the rainfall period 
is undefined (i.e. precipitation occurs year-round). In the winter, 
rainfall can be 10 to 36% higher than the annual average, 
although this depends on the frequency and humidity of cold 
fronts. The geology in the northern portion of this area is largely 
influenced by sedimentation processes [17](Figure 1)

Methods
Collections were done during four oceanographic campaigns 

on the vessel Justo Sierra. Samples were collected by trawling 
with a benthic sled (2.4m2 aperture). Each trawl (66 in total) 
lasted for approximately 30 minutes at a speed of 2-3knots. All 
invertebrates were removed from the captured fauna, weighed 
and separated by taxonomic group. They were subsequently 

frozen for transport to the laboratory for identification, counting, 
measurement and weighing. The data were standardized to org/
hectare to allow production of species-density (abundance and 
biomass) matrices for each station, and statistical analyses were 
run to produce graphs of invertebrate megafauna community 
descriptors. To generate an overall characterization for each 
collection area, the collected megafauna was also analyzed jointly 
with all groups by collection campaign. Ecological diversity (H’) 
was analyzed with the Shannon-Wiener index and evenness (J’) 
with the Pielou index [18,19]. 

Results
The four collection campaigns involved a total of 66 trawls 

and covered an area of 274,593.08m2. Thirty-eight trawls were 
done below 500m, fourteen between 500 and 1000m and 
fourteen at depths greater than 1000m (deepest trawl = 3609m) 
(Table 1).

Table 1: Invertebrate megafauna and collection trawl data for Perdido Fold Belt region.

Parameters
Perdido_1 

(May-2016)

Perdido_2 

(Sep -2016)

Perdido_3 

(Jun-2017)

Perdido_4 

(Sep-2017)
Totals

TrawlsTrawls 15 13 19 19 66

Area t Area trawled (m2) 39 007.56 64 316.26 83 395.56 87 873.7 274 593.08

Trawltime (Hrs) 7.2 6 9.15 9 31.35

Dep Depth interval (m) 

<1000< 

<500: 9

500 - 1000: 3

> 1000: 3

<500: 10

500 - 1000: 2

> 1000: 1

<500: 10

500 - 1000: 4

> 1000: 5

<500: 9

500 - 1000: 5 

> 1000: 5

<500: 38

500 - 1000: 14

> 1000: 14

No. of groups 6 7 5 7 7

Species richness 112 174 152 114 299

Org/hectare 1 457 9 044 9 700 16 823 37 024

Biomass/hectare (Kg) 57.27 88.5 51.1 108.71 305.58

Diversity (H’) (bits/ind) 4.546 4.659 4.968 4.259 5.351

Evenness (J’) 0.706 0.652 0.71 0.615 0.68

Seven Phyla were recorded: Arthropoda, Mollusca, 
Echinodermata, Cnidaria, Annelida, Spongia and Codata. Species 
richness was generally high, with a total of 299 species, and the 
highest value was reported on the second campaign. However, 
the highest abundance (16,823org/hectare) and biomass 
(108.71kg/hectare) were recorded on the fourth campaign 
(Figure 2A). Diversity was highest on the third campaign 
(4.968 bits/ind), although values surpassed 4bits/ind on all 
four campaigns and overall megafauna diversity was 5.35bits/

ind(Figure 2B). Overall evenness was 0.68 and was highest 
(>0.7) in campaigns one and three (Figure 2).

Graphs were generated using the recorded parameters for 
the Perdido Fold Belt invertebrate megafauna community by 
depth for each campaign. These show trawl positions and the 
resulting values; circle size is determined by the number of 
groups, providing a visual indication of how many groups are 
represented by the macrodescriptors.
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Figure 2: Total ecological macrodescriptor values for invertebrate megafauna collected in the Perdido Fold Belt. A: Species richness 
showed higher values in the second and third campaigns. B: Ecological diversity had the highest value in the third campaign. C: Evenness 
was highest in the first and third campaigns.

Phyla
In the first campaign, the largest number of Phyla were 

recorded at shallow depths (<500m) the smallest number at 
depths around 500m, and from two to three phyla were recorded 
at depths greater than 1000m (Figure 3A). The number of Phyla 
in the second campaign was highest (five groups) at depths near 
500m, lowest (one group) in very shallow locations (<100m), 
and from medium to high (3 and 4 groups) at depths greater than 
500m (Figure 3B). In the third campaign the largest number of 
phyla (4 groups) was recorded between 80 and 1000m, and the 
lowest (one group) at 1500m, with an increase to three groups at 
depths greater than 3000m (Figure 3C). Variability was high in 
the fourth campaign, ranging from one to four Phyla in shallow 
areas and below 1000m; variability was even higher (1 to 5 
groups) at depths greater than 3000m (Figure 3D).

Richness
In the first campaign, species richness exhibited the highest 

(38 species) and lowest (2 species) values at shallow depths 
(<500m), was low at 500m (4 to 5 species), increased again at 
1000m (12 species) and then declined at greater depths (8 to 4 
species) (Figure 3E). Again, in the second campaign richness was 
highest (39 species) and lowest (1 species) at shallow depths 
(39 species), and medium (14 to 16 species) at 500m and below 
(Figure 3F). Shallow areas (<500m) were also the richest (36 
species) in the third campaign, but then richness decreased 
dramatically from 1000 to 1500m (3 species) and varied from 
four to 22 species in the deepest areas (>3000m) (Figure 3G). In 
the fourth campaign, richness was high (29 species) in shallow 
areas, but variable between 500 and 1000m (9 to 17 species), 
and below 3000m (2 to 12 species) (Figure 3H).

Abundance
At shallow depths (<500m), abundance in the first campaign 

was very high (3119org/hectare at the highest), dropped 
between 500 and 1000m, increased slightly down to 1500m 
(1152org/hectare) and then decreased drastically (26org/
hectare) (Figure 3I). In the second campaign this parameter was 
again highest in shallow areas (2301org/hectare), but lowest at 
locations near 1000m (51org/hectare) (Figure3J). Abundance 
was highest in the third campaign at 45m (2129org/hectare), 
and lowest at 1000m (9org/hectare), with a wide interval 51 to 
556org/hectare recorded in areas deeper than 3000m (Figure 
3K). Finally, in the fourth campaign abundance was highest in 
very shallow areas (<100m), ranged from 2 to 777org/hectare 
between 500 and 1000m, and from 18 to 182org/hectare in 
deep areas (Figure 3L).

Biomass 
Biomass in the first campaign followed a pattern like its 

abundance, with high levels at depths less than 500m (12.2kg/
hectare was highest) decreasing biomass to 500m (0.9kg/
hectare), followed by a slight increase to 1000m (1kg/hectare) 
and a drastic decrease at depths greater than 1500m (0.4-
0.02kg/hectare) (Figure 3M). In the second campaign, biomass 
was highest (40.2kg/hectare) in very shallow areas (<100m), 
and lowest near 1000m (200gr/hectare) (Figure 3N). In 
contrast, this parameter was highest in the third campaign at 
3200m (10.54kg/hectare) and lowest at 1000m (10gr/hectare) 
(Figure 3O). The fourth campaign had biomass values consistent 
with its abundance, the highest biomasses being at depths less 
than 100m, low values between 500 and 1000m and very low 
values in deeper areas (>3000m)(Figure 3).
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Figure 3: Perdido Fold Belt invertebrate megafauna data for number of Phyla (A-D), richness (E-H), abundance (I-L) and biomass (M-P) 
in each of the collection campaigns. All variables exhibited high variability in shallow zones, increased stability near 500 m depth, and 
increased variability with depth after this point. Circle size represents the number of groups contained in each element.

Discussion
The Perdido Fold Belt may hold enormous oil reserves 

but extracting the resource will prove difficult since the 
water column ranges from 2600 to >3000m in depth. The 
corresponding technological and financial challenges have 
yet to be overcome.It is likely to be exploited eventually, and 
it is vital to have a comprehensive record of its biota before 
intensive hydrocarbon extraction begins. Currently available 
data on megafauna from the northern Gulf indicates from four 
to six times more invertebrate species than vertebrates at all 
depths [3].Of the seven recorded Phyla (Artropoda, Mollusca, 
Echinodermata, Cnidaria, Annelida, Spongia and Codata) the 
first three were diverse and abundant while the latter four were 
sporadic and not very diverse. This is consistent with previous 
reports for the Gulf of Mexico [3,20]. Overall the data suggest 
a series of conclusions.Variability was highest in the sampled 
shallow areas (<100m), which was where the highest values 
for all the parameters were recorded; however, it was also here 
that the lowest values were recorded. In the 500 to 1000m 
depth zone values began to decrease, a trend which sharpened 
with depth. However, deeper areas produced unexpectedly high 

values, some comparable to the shallow area data in terms of 
richness and abundance.

The approximate coincidence between invertebrate 
megafauna abundance and biomass in the study area implies 
that the shallow zones harbored small but abundant organisms, 
whereas deeper zones contained larger (i.e. heavier) organisms 
with variable abundance; this is comparable variability in 
parameter values reported by Murawski et al.[21]for the fish 
component. Environmental conditions are more stable at 
greater depths than in shallow and coastal environments[22]. It 
could be expected therefore that biodiversity among deep sea 
invertebrate megafauna would be lower and that biotic variables 
such as competitive exclusion, resource division and predation 
would be essential factors defining benthic community structure 
and functioning[23]. However, the present data indicate 
wide variability in this zone.The dominance of crustaceans 
and mollusks observed in the present data is like previous 
reports [24,25]. The species identified have broad adaptive 
capacities and their dominance may be regulated by the trophic 
spectrum[24,26]. Several authors (Smith and Hamilton 1983, 
Lessard-Pilon 2010) propose that marine communities exhibit 
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significant variations in local species richness in response to 
oceanic transport processes and more local variation within 
sites. In the present study, positional effects on local species 
richness were also modified by a variety of other, yet unidentified, 
variables.Some of the causal mechanisms behind the observed 
patterns may be linked to the patchy bottom in the study region.

Study of the relationship between the number of species 
occurring in a habitat and the number present in a group of large 
regions dates toTerborgh&Faaborg[27]. Following ecological 
theory, they proposed that the number of species occurring 
within habitats, especially in the tropics, is controlled by the 
local environment (physical factors and biological interactions). 
In contrast, the number of species in a region is influenced by 
evolutionary history and the regional scale of physical processes 
[28]. In the Perdido Fold Belt, it appears that, rather than 
evolutionary dynamics, it is the physical processes and factors 
that control this parameter in the invertebrate megafauna[29]. 
Community structure and the processes influencing biodiversity 
in the study area clearly respond to the dominance of mollusks, 
crustaceans and echinoderms, which alternates between species 
from these three groups. Abundance and biomass values differed 
little between campaigns and were mainly due to the number 
of trawls done in each[30]. The differences found in the second 
campaign were more likely a reflection of the time of year 
(September), which could manifest as differences in the life stages 
and body size of collected individuals; the fourth campaign was 
done at the same time of year, but the data it generated did not 
confirm this hypothesis[31].What can be inferred from the data 
is that the studied megafauna exhibits pulses in abundance not 
necessarily linked to the yearly seasons[32]. Patterns of richness, 
abundance and biomass were not observed in the present data, 
although the variability in shallow areas was notable[33] and 
deep zones in the different sampling campaigns exhibited high 
consistency when using the studied parameters[34-36].
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