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The northern Gulf of Mexico (nGOM) is a highly productive region and supports
some of the world’s largest fisheries. Mesozooplankton represent a key linkage in
coastal food webs for larval fish, both as food and as competition. While many
studies have investigated seasonal patterns of mesozooplankton off the Louisiana
coast and in the Mississippi Bight, there is little information about mesozooplankton
communities on the Texas shelf. In this study, we investigated environmental drivers of
mesozooplankton community variability over space and time. Samples were collected
on the Texas shelf near Galveston Bay at seasonal intervals following Hurricane Harvey.
Total mesozooplankton abundance were found to be highest in September. Diversity
exhibited a hump-shaped pattern over the 6 months sampled, with the highest
diversity occurring in October 2017. Taxa richness did not vary over the sampling
period. Significant differences in mesozooplankton community structure were found
only between September 2017 and March 2018. Community abundance was greatest
nearshore, and zooplankton diversity was greatest on the shelf. Community structure
was found to be driven by both temperature and salinity. Spatial and temporal patterns
of specific larval fish prey are presented.
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INTRODUCTION

The northern Gulf of Mexico (nGOM) is a highly productive region, referred to as the “fisheries
fertile crescent” (Gunter, 1963). This area contributes just under a fifth of the United States’
annual landings and contains some of the most valuable fisheries in the country (Iverson and
Martin, 2009; Keithly and Roberts, 2017). In marine ecosystems, mesozooplankton (0.2–2 mm)
communities act as an important energy conduit between primary producers and higher trophic
levels. Mesozooplankton production is tightly coupled with environmental conditions and can
rapidly increase, or decrease, in response to changes in abiotic and biotic conditions such as
salinity, temperature, and food availability. This in turn, alters the relative abundance, composition
and overall diversity of the community (Quintana et al., 1998; Nielsen and Andersen, 2002;
Leising et al., 2015; Cavole et al., 2016). Variability in mesozooplankton abundance, composition,
and phenology have all been shown to impact higher trophic levels across all life stages, from
fish larvae to adult forage fish (Cushing, 1990; Sullivan et al., 2001; Costello et al., 2006;
Frederiksen et al., 2006; Robinson et al., 2015). The distribution of larval fish prey, such as
chaetognaths, ostracods, or copepods, therefore, plays an important role in recruitment success

Frontiers in Marine Science | www.frontiersin.org 1 June 2020 | Volume 7 | Article 462

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://doi.org/10.3389/fmars.2020.00462
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fmars.2020.00462
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2020.00462&domain=pdf&date_stamp=2020-06-17
https://www.frontiersin.org/articles/10.3389/fmars.2020.00462/full
http://loop.frontiersin.org/people/885048/overview
http://loop.frontiersin.org/people/386241/overview
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-07-00462 April 15, 2022 Time: 14:28 # 2

Topor et al. Seasonal Mesozooplankton Patterns in nGOM

(Govoni et al., 1983; Nip et al., 2003; Hoover, 2018). Many
fisheries around the world, and within the Gulf of Mexico,
have transitioned toward ecosystem-based fisheries management
(EBFM), a strategy that incorporates the entire life cycle of
the harvested species and accounts for complex interactions
regarding food and habitat availability (Karnauskas et al.,
2017). Resolving mesozooplankton distribution in space and
time is crucial for the success of these management plans
(Ortner et al., 1989).

Previous work investigating the spatial and seasonal trends
of mesozooplankton in the nGOM have revealed general
patterns. Nearshore communities have higher abundance and
lower diversity than their shelf counterparts and are typically
dominated by copepod nauplii and taxa with tolerances for
lower salinity (12–23 ppt; Elliott et al., 2012; Roman et al., 2012;
Dzwonkowski et al., 2017). As distance from shore increases,
overall mesozooplankton abundance decreases and diversity
increases (Ortner et al., 1989; Ditty et al., 2004; Dzwonkowski
et al., 2017). These patterns have been shown across the nGOM
with regional variations in magnitude (Ortner et al., 1989;
Ditty et al., 2004). Among seasons, summer mesozooplankton
communities generally have the highest abundance, followed
by spring and fall (Ditty et al., 2004; Carassou et al., 2014).
Winters typically have the lowest abundances (Ortner et al.,
1989). While these studies provide general seasonal trends for
the whole nGOM, variability of mesozooplankton community
structure along coastal nGOM ecosystems is high and largely
depends on local environmental drivers (Murawski et al., 2016;
Criales et al., 2017; Dubickas, 2019).

It is important to note that the overwhelming majority of
nGOM mesozooplankton studies focus on the eastern Louisiana
shelf (Roman et al., 2012) and the Mississippi Bight (Greer
et al., 2016, 2017; Criales et al., 2017; Parra et al., 2019)
(but see Gomez et al., 2019). The oceanography of these
areas is strongly controlled by the Mississippi-Atchafalaya River
(MAR) discharge, where changes in temperature, salinity, and
hypoxia are strongly coupled with seasonal changes in river flow
(Spies et al., 2016). This relationship between MAR discharge
and coastal oceanographic conditions is clearly reflected in
the observed drivers of mesozooplankton community structure
(Elliott et al., 2012; Roman et al., 2012), with temperature
and salinity are the most commonly reported as seasonal
drivers (Ortner et al., 1989; Elliott et al., 2012; Greer et al.,
2016; Liu et al., 2017). Other MAR driven effects that
are important in structuring mesozooplankton communities
includes bottom water hypoxia due to stratificaiton (Elliott
et al., 2012; Roman et al., 2012) and increased primary
production (Dagg and Whitledge, 1991; Dagg and Breed, 2003).
Additionally, mesozooplankton biomass is indirectly controlled
through seasonal wind direction (Dubickas, 2019) through its
impact on shelf circulation patterns (Gomez et al., 2019).

These environmental drivers act synergistically on individual
taxonomic preferences, resulting in taxon-specific distributional
patterns across the nGOM. Chaetognaths have been shown to be
ubiquitously distributed between near- and offshore stations and
across all depths, though some studies have found a correlation
with colder, offshore waters (Dzwonkowski et al., 2017;

Greer et al., 2017, 2016). Ostracods generally favor clear, salty
offshore waters, far from terrestrial influence (Ortner et al., 1989;
Dzwonkowski et al., 2017; Parra et al., 2019). Acartia tonsa is
a widely reported calanoid copepod that is found nearshore
in areas of high river influence, attributed to their ability to
tolerate low salinities (Elliott et al., 2012; Roman et al., 2012;
Liu et al., 2017). For predicting the survival of larval fish with
mesozooplankton prey preferences, distributional information
about these taxa are invaluable (Ortner et al., 1989). However, it
is unknown if factors influencing mesozooplankton communities
in the northwest nGOM are similar to those reported elsewhere
in the nGOM, as the influence of MAR discharge is more
ephemeral compared to the river dominated central nGOM and
Mississippi Bight.

The northwestern GOM/western LATEX shelf is a wide,
shallow-sloping continental shelf with limiting influence of
seasonal MAR discharge (Du et al., 2019). Seasonal winds dictate
nearshore surface currents with localized ephemeral influence
from storm events (Nowlin et al., 2005) or ENSO-related
anomalies (Gomez et al., 2019). For the majority of the year
(September – April), the shelf is dominated by northernly surface
currents (Cochrane and Kelly, 1986; Johnson, 2008). Wind
direction changes during summer (May – August), resulting
in a southerly current structure (Cochrane and Kelly, 1986;
Nowlin et al., 2005). Episodic storm events such as fronts and
hurricanes can reverse these seasonal dominant currents for
up to 2 weeks (Nowlin et al., 2005). While estuaries of this
region are well studied regarding both physical and biological
dynamics (i.e., Galveston Bay; Liu et al., 2017, 2019; D’Sa et al.,
2019), much less is known about planktonic systems on the shelf.
The Texas area of the LATEX shelf is unique in the nGOM
as it retains similar physical qualities of MAR influenced areas
(broad shelf, muddy benthos) but with a lower connectedness to
MAR discharge (Spies et al., 2016; Du et al., 2019). This lack of
freshwater influence may alter hypothesized drivers of seasonal
mesozooplankton structure.

Shortly following Hurricane Harvey (August 2017), we
sampled a near- to offshore transect on the Texas shelf near
Galveston Bay over a period of 6 months (September – March)
in order to describe the distribution and temporal variability of
mesozooplankton communities. In this paper, we quantify for the
first-time patterns of mesozooplankton community abundance,
diversity, and composition of northwestern Gulf of Mexico. We
discuss our findings in the context of environmental drivers as
well previous estimates of mesozooplankton abundance in the
nGOM. Finally, we highlight the abundance and distributional
patterns of select larval fish prey in order to understand food web
implications of the observed spatial and temporal variability in
mesozooplankton communities.

MATERIALS AND METHODS

Study Area
We conducted bi-monthly cruises along an inshore to offshore
transect from September 2017 to March 2018. We collected
zooplankton samples at stations located off the coast of
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Galveston, Texas, and coincided with established SEAMAP
stations (Figure 1). Our stations were arranged north-to-south
to yield nearshore to offshore transects for the evaluation of
spatial patterns. The first sampling effort was during a NOAA
NFMS SEAMAP Survey cruise in September 2017, 3 weeks
following the landfall of Hurricane Harvey. The following three
sampling events occurred approximately at approximately 2-
months intervals (October 2017, January, and March 2018)
to allow us to track the temporal evolution of planktonic
systems and food web processes. Nearshore stations were in
water less than 60 m in depth. Shelf stations had depths
between 60 and 150 m.

Physical Data
At each of the six stations and for all 4 months, we collected
physical data via vertical casts of a SEABIRD (9plus; SBE 11) CTD
instrument suite to determine the influence of environmental
conditions on mesozooplankton community structure. CTD
data was recorded every 0.2 m and subsequently smoothed
by removing any errant values (i.e., negative temperatures or
salinities) using the “castr” package in R.1 We plotted all depth
profiles to compare recorded parameter values against adjacent
stations to control for outliers or sensor malfunctions. Parameter
values were summarized between 0 and 150 m as this was the
deepest any of the plankton nets were fished. Both average and
median values were used in model parametrization.

Field Collection of Mesozooplankton
Mesozooplankton were collected in vertically integrated, oblique
plankton tows at all stations. During October 2017, January
2018, and March 2018, a 1-m2, 333-µm mesh Multiple
Opening/Closing Net Environmental Sampling System
(MOCNESS) was used at stations with water depths >5 m.
A single MOCNESS net was towed from either 2 m above sea

1https://github.com/jiho/castr

FIGURE 1 | Map of stations sampled off the coast of Texas, United States.
Colors correspond to depth bin (nearshore = white, shelf = gray).

floor in water depths <100 m or from 100 m at depths ≥100 m
to the ocean’s surface. Samples were not collected from nearshore
site B221 (Figure 1) in January or March due to gear malfunction.
As the initial net of the MOCNESS integrates the water column
fished, these methods allowed us to collect comparable data
to the September 2017 SEAMAP Survey, which used a 0.5-m2

diameter, 333-µm mesh bongo net towed obliquely from 2 m
above sea floor to the ocean’s surface (G. Zapfe, pers. comm.).
For all gear types, we washed the outside bottom third of each net
down into the cod-end with surface seawater using a hose. We
then transferred the cod-end contents to a 5-gallon bucket and
concentrated to one liter using a 200-µm mesh sieve. All samples
were preserved in 5% buffered formalin and seawater solution.

Mesozooplankton Sample Processing
We identified and quantified mesozooplankton using workflow
that included a ZooScan benchtop plankton imaging system
(Hydroptic v3 ZSCA04; Gorsky et al., 2010). ZooScan produces
individual shadow-graphic vignettes of particles from sizes of
200 µm and up (Supplementary Figure S1, Gorsky et al., 2010).
Plankton samples settled for 20 min in a graduated cylinder
prior to scanning. Internal laboratory tests revealed no statistical
difference between the settled volumes of the same sample settled
for 20 min versus 24 h. Samples were gently homogenized with
an aquarium bubbler for 60 s. Following homogenization, a 5-
ml aliquot was transferred to a ZooScan using a Henson-Stempel
pipette. Each aliquot was scanned and the resultant TIFF image
processed into particle-specific vignettes using the ZooProcess
software (Hydroptic; Gorsky et al., 2010). Image processing
included subtraction of the scanner-specific background blanks
generated prior to the start of scanning each day. Three aliquots
per sample were scanned. The vignettes of all three aliquots were
then combined prior to classification. We classified the vignettes
using the EcoTaxa platform.2 Plankton vignettes were manually
sorted into 31 groups ranging from 200 µm to a max of 5 cm, by
trained experts on the EcoTaxa platform to order or the lowest
taxonomic level image resolution allowed. Subsamples of each
sorter’s images were checked periodically for quality control by
two other sorters to maintain accurate sorting delegations. For
the full list of taxa categories used, see Supplementary Table S1.
Counts of organisms were standardized to individual per cubic
meter using the equation:

Taxa density

=
taxa count ∗ total volume of sample (mL)

number of aliquots ∗ aliquot size (mL) ∗m3 filtered through net

Community Analysis
To quantify variability in mesozooplankton community structure
in space and over time, we calculated taxa richness, abundance
(indv/m3), and Shannon-Weiner diversity metrics using the
“vegan” package in R Statistical Software (Oksanen et al., 2019;
R Core Team, 2019). Normality of the data was assessed using
a Shapiro–Wilks test. Due to non-normality of the abundance

2https://ecotaxa.obs-vlfr.fr/

Frontiers in Marine Science | www.frontiersin.org 3 June 2020 | Volume 7 | Article 462

https://github.com/jiho/castr
https://ecotaxa.obs-vlfr.fr/
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-07-00462 April 15, 2022 Time: 14:28 # 4

Topor et al. Seasonal Mesozooplankton Patterns in nGOM

data even after transformation, differences in mesozooplankton
abundance were determined using a Kruskal–Wallis test.
Differences in abundance between factors were assessed using
a pairwise-Wilcox test to determine significance. P-values were
adjusted following Benjamini and Hochberg (1995) in order to
control for false discovery rate. Normally distributed responses
(richness, diversity) were assessed using a two-way ANOVA
followed by a post-hoc Tukey tests to determine significant
differences between factors. Results were statistically significant
at α ≤ 0.05.

The mesozooplankton community structure of each station
and sampling event (n = 26) was evaluated using a Bray-Curtis
dissimilarity matrix with a non-metric multidimensional scaling
analysis (NMDS). We applied a Hellinger transformation to
account for, and subsequently transform, high taxa abundances.
We ran a permutational multivariate analysis of variance
(PERMANOVAs) with “sampling event” (September, October,
January, March), and “position” (nearshore, shelf) as grouping
factors. A permutational post-hoc PERMANOVA was run
(n = 9999) using a subset of the data to determine if
differences between factor levels were statistically significant
(pairwise.adonis, Martinez Arbizu, 2019). A similarity percentage
analysis (SIMPR, “vegan” package, Oksanen et al., 2019) was used
to determine taxa driving the differences between statistically
different factor levels.

We performed a degradation analysis for each community
metric to determine if taxonomic level influenced our observed
patterns. Taxa were degraded to both order and then class,
at which all models were tested. Taxa that were impossible to
identify to order due to image resolution (e.g., invertebrate larvae
or ostracods) were maintained at the lowest taxonomic grouping
image resolution allowed. All community metric trends, sans
taxa richness over time, were recovered when degraded. All
analysis, therefore, were performed using taxa identified to
order. This approach maintained taxonomic consistency without
compromising functionally important groups, such as copepods.

Environmental drivers of community structure were evaluated
with a BIOENV analysis (Clarke and Ainsworth, 1993). This
analysis correlates a community dissimilarity matrix with all
possible combinations of an environmental matrix. The best
correlations are produced as a subset of all the environmental
parameters input. The environmental matrix is compared using
Euclidean distance after standardizing the data by mean and
standard deviation. The community matrix used was calculated
as for the other multivariate analyses (Hellinger transformation,
Bray-Curtis dissimilarity). Strengths of relationships between
the community and environmental matrices were assessed with
Spearman correlation. Mean temperature (◦C), salinity (psu),
dissolved oxygen (mL/L), and transmittance (%) of the water
column at each station was included in the analysis as these
parameters were collected at all stations over all cruises.

RESULTS

Mesozooplankton density (indv/m3) showed a slight U-shape
pattern over time (Figure 2A). Densities of mesozooplankton

from September 2017 were significantly higher than all other
months (Table 1, p < 0.01). Nearshore stations appeared to have
higher densities than shelf stations (Supplementary Figure S2)
but were not found to be statistically different (Table 1). Taxa
richness was slightly higher in October relative to other months
(Table 1 and Figure 2B). A difference in richness was also
found between nearshore and shelf stations (Table 1, p = 0.01)
with higher richness found at shelf stations (Supplementary
Figure S2). Diversity followed a “hump-shaped” over the 6
months sampled. Diversity peaked during October 2017 (Figure
2C) and was found to be statistically different from September
(Tukey HSD, p = 0.04) and March 2018 (Tukey HSD, p = 0.02).
Shelf station diversity was elevated compared to nearshore
stations (Supplementary Figure S2 and Table 1).

We found significant differences in the mesozooplankton
community structure between sampling events (Table 2 and
Figure 3). The post-hoc pairwise PERMANOVA, using a
conservative Bonferroni corrected p-value, could not reveal
any differences between the months. Raw p-values indicate
differences between each month, except September and March
(Table 2), but this should be interpreted carefully as Type
I error is likely inflated. Closer inspection of the most
abundant taxa revealed that all groups exhibited higher densities
during the September cruise relative to other months, with
calanoid copepods exhibiting an especially pronounced peak
(Figure 4). Nearshore and shelf stations had significantly
different mesozooplankton community structures (Df = 1, Sum
Sq = 0.28, Pseudo-F = 6.15, R2 = 0.204, p << 0.001) which
was driven by ostracods (18%), calanoid copepods, cyclopoid
copepods, salps, chaetognaths, and appendicularians (Figure 4).
Combined, these six taxa accounted for over half the spatial
variation in community structure (55%).

The BIOENV analysis revealed that mesozooplankton
community structure was related to mean salinity, dissolved
oxygen, and transmission (correlation = 0.261, Table 3).

DISCUSSION

In this study, we investigated changes in mesozooplankton
community structure over 6 months in a previously understudied
region of the nGOM. September was characterized by
significantly higher mesozooplankton abundances compared
to other months (Figure 2A). Taxa richness was not found
to vary over the 6 months (Figure 2B). Taxa richness and
diversity were found to have higher values at shelf stations
compared to nearshore stations (Supplementary Figure S2).
Diversity showed a hump shaped pattern over the 6 months
sampled, with the highest diversity peaking in October 2017
(Figure 2C). When investigating community structure, we found
that only September 2017 and March 2018 were significantly
different, driven by the high abundance of cyclopoid copepods
during September (Figures 3, 4). Mesozooplankton community
structure was shown to be related to both temperature and
salinity (Table 3). These findings will inform our understanding
of prey availability for larval fish as late summer and spring are
key spawning times in the northwestern GOM for recreationally
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FIGURE 2 | Density (log10 transformed) (A), taxa richness at order (B), and Shannon-Weiner diversity (H′) (C) of mesozooplankton for each cruise. Asterisk denotes
groups that are significantly different based on a two-way ANOVA and post-hoc Tukey test. Differences in abundance were determined using a Kruskal–Wallis and
pairwise-Wilcox test.

and ecologically important fishes, including Sciaenidae (drums
and croakers, and spotted sea trout) as well as Gobiidae (S.
Geist, pers. comm).

Abundance and Diversity Patterns in the
nGOM
The spatial and temporal patterns we describe for the LATEX
shelf mesozooplankton communities corroborate well with other
studies performed in the nGOM (Ortner et al., 1989; Ditty

et al., 2004; Dubickas, 2019). Both Ditty et al. (2004) and Liu
et al. (2017) found higher abundances of zooplankton during
“summer” sampling events compared to “spring” or “fall” across
the nGOM. It is unknown how our January communities
compare to other areas of the nGOM, as few studies have
reported sampling during this time of year. The spatial patterns of
zooplankton community reported in this study (high abundance,
lower diversity nearshore) are consistent with studies performed
throughout the nGOM (Ortner et al., 1989; Carassou et al., 2014;
Dzwonkowski et al., 2017). The range of diversities we report
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TABLE 1 | Results of two-way ANOVAs (richness, H′) and Kruskal–Wallis test [log10(density)] against cruise and spatial position.

Response DF F value Chi-Squared P value

Month Richness 3 3.43 na 0.036

H′ 3 4.39 na 0.015

Log10(density) na na 13.4 0.004

Position Richness 11.07 na 0.003

H′ 17.81 na 0.0003

Log10(density) na 2.84 0.09

Bold font indicates significant (p < 0.05) results.

TABLE 2 | Pairwise-PERMANOVA results based on Bray-Curtis dissimilarity on Hellinger standardized densities of zooplankton community structure in relation to cruise.

Df Sums Of Sqs F.model R2 P value P adjusted

Oct. vs. Jan. 1 0.129 2.441 0.182 0.05 0.29

Oct. vs. March 1 0.139 2.69 0.196 0.04 0.26

Oct. vs. Sept. 1 0.129 2.916 0.196 0.03 0.19

Jan. vs. March 1 0.141 2.893 0.224 0.03 0.16

Jan. vs. Sept. 1 0.088 2.154 0.164 0.06 0.36

March vs. Sept. 1 0.068 1.714 0.135 0.14 0.82

F, degrees of freedom; SumOfSq, sum of squares; F Model, F value by permutation; P-values based on 9999 permutations. Bold values indicate significant differences
(p < 0.05).

FIGURE 3 | NMDS analysis of mesozooplankton community structure. Colors
indicate cruise month. Ellipses represent 95% CI (Solid lines = significant
differences in community structure from PERMANOVA, p < 0.05).

are similar to those presented in Ortner et al. (1989). Both
salinity and temperature are frequently reported as drivers of
mesozooplankton community structure elsewhere in the nGOM
(Elliott et al., 2012; Greer et al., 2016; Liu et al., 2017). However,
unlike areas of heavy river influence (e.g., MS Bight), dissolved
oxygen did not appear to play as significant a role in driving
zooplankton communities on the LATEX shelf (Kimmel et al.,
2010; Elliott et al., 2012; Roman et al., 2012).

While temporal and spatial patterns of mesozooplankton
community structure in our sampling area of the LATEX
shelf match well with other areas of the nGOM, there are
large discrepancies regarding total mesozooplankton abundance.
Reported abundances for the nGOM have been shown to have
large spatial and temporal variability, making it difficult to

make broad generalities across the region (Carassou et al., 2014;
Dubickas, 2019). Abundance, measured in volume standardized
counts or biovolume, were lower than some of the abundances
reported for the Louisiana shelf (Table 4; Kimmel et al.,
2010; Elliott et al., 2012; Roman et al., 2012). Specifically, our
abundances were an order of magnitude smaller compared to
the values reported in Elliott et al. (2012) and Roman et al.
(2012). This extreme difference in abundance could be attributed
to differences in sampling gear and environmental conditions
as both these studies used smaller mesh sizes (202 µm) and
incorporated areas of high Mississippi River influence. Kimmel
et al. (2010) reported twice as much zooplankton for their
nearshore stations, but their offshore values were comparable.
September and October zooplankton abundances from this study
were found to similar to those reported for the continental
shelf near Alabama, Louisiana, and across the nGOM for similar
months (Ditty et al., 2004; Kimmel et al., 2010; Di Mauro
et al., 2017; Dzwonkowski et al., 2017). When we compare our
abundances to Galveston Bay, we find that nearshore abundances
can be up to ten times greater than what is found at the
mouth of the bay (Liu et al., 2017). Overall, the zooplankton
abundances reported over the 6 months sampled fell well within
the range presented for the nGOM. While there is extreme
variation in zooplankton abundance across the entire nGOM, the
conservation of spatial and seasonal patterns suggests that local
mechanisms regulate the magnitude of zooplankton abundance
(e.g., productivity; Dagg and Whitledge, 1991; Dagg and Breed,
2003). Because a rigorous comparison of mesozooplankton
abundance across the nGOM is beyond the scope of this study,
we suggest that further investigation of community structure
and potential environmental drivers over a greater spatial scale
could provide insight on the variation in local importance of
community governing mechanisms.
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FIGURE 4 | Results of SIMPER analysis between cruises. Top five highest contributing taxa to structural differences were chosen to explain over 50% of the variance.

TABLE 3 | Results from BIOENV analysis.

Size Correlation

Salinity 1 0.2013

Salinity Temperature 2 0.2445

Dissolved Oxygen Salinity Temperature 3 0.2610

Dissolved Oxygen Salinity Temperature Transmission 4 0.2471

Bold denotes best combination of environmental parameters based on the highest Spearman’s correlation.

TABLE 4 | Abundance (indv m−3) and biovolume (mL m−3) of mesozooplankton collected at each station over the 6 months following Hurricane Harvey on LATEX shelf
near Galveston Bay.

September 2017 October 2017 January 2018 March 2018

Station Abundance Biovolume Abundance Biovolume Abundance Biovolume Abundance Biovolume

1 1335.51 1.56 179.97 1.27 na na na na

2 1268.85 3.40 159.64 0.81 101.41 0.23 550.61 0.92

3 1838.93 3.67 349.77 1.09 328.67 0.34 437.01 0.85

4 1094.10 1.61 281.38 0.22 144.68 0.16 301.68 0.52

5 1832.88 1.65 438.62 0.28 101.79 0.15 299.26 0.38

6 304.21 0.63 11.64 0.03 12.84 0.04 7.59 0.02

7 457.86 0.93 88.73 0.19 210.65 0.23 209.23 0.42

“na’s” represent no data due to equipment malfunction.

Food Web Implications
Changes in mesozooplankton community structure has broad
implications for energy transfer to higher order consumers
such as fish and seabirds. Recruitment success of major fishery
species can also be impacted by the suitability of prey items
within zooplanktonic communities. Late fall is the spawning
time for Scienidae fishes in nearshore waters of the northwestern

GOM. Diet analysis of these larvae, collected simultaneously
with our mesozooplankton in September nearshore, revealed
the importance of calanoid and cyclopoid copepods and
chaetognaths as prey (McAskill et al., in prep). Because of
the tight coupling between marine copepod production and
temperature (Huntley and Lopez, 1992), regional, long-term
increases in sea surface temperature in both nGOM nearshore
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FIGURE 5 | Common mesozooplankton taxa found in larval fish gut contents at the study area according to McAskill et al. (in prep). Note differences in scale of the y
axis (density; indv m−3). Nearshore stations are white and shelf stations are gray.

(1◦C per decade) (Fodrie et al., 2010) and oceanic waters
(+0.17◦C to +0.3◦C per decade) (Muller-Karger et al., 2015)
may induce phenological shifts that result in a mismatch with
these larval fishes. These warming trends may also accelerate
the seasonal production of plankton predators like ctenophores
and scyphozoans that selectivity feed on small copepods (e.g.,
Cyclopoida) as well as larval fish themselves during late fall
(Purcell, 1985; Graham and Kroutil, 2001; Shiplett, 2011;
Robinson and Graham, 2013, Robinson and Graham, 2014). It is
important to also note that mesozooplankton do not only modify
food web production as food but also via direct competition for
resources or through predation (Robinson et al., 2015).

Zooplankton compositional changes can dictate food quality
for adult-stage fish that are valuable Gulf of Mexico fisheries (e.g.,
Gulf menhaden, Brevoortia sp.). These changes in community
structure can occur via direct consumption of the adults or
through recruitment success of larval fish. Heneghan et al. (2016)
quantitatively showed that shifts in zooplankton community
structure from specialist herbivores to generalist carnivores,
impacts forage fish production, abundance, and the overall
stability of the food web against perturbations. There was a
distinct change in zooplankton assemblage over the 6 months
we sampled (Figure 4). Smaller cyclopoid copepods dominated
the composition of the September cruise compared to the later
March communities (Figure 5). It has been shown that shifts
toward smaller dominant copepods can have an important role
in the organization of higher trophic levels such as forage fish
(anchovies to sardines; Alheit and Niquen, 2004, jack mackerel
to redbait; McLeod et al., 2012). These shifts in dominant
forage fish taxa are driven by changes in nutritional quality
of their prey (Brett et al., 2009). As their carbon sources are

derived more from detrital pathways, small copepods and other
small zooplankton typically have less carbon compared to larger
copepods and zooplankton (Bouley and Kimmerer, 2006). This
results in lowered nutritional benefit for consumers (Brett et al.,
2009) and altered dominance patterns in planktivorous fishes
(Winder and Jassby, 2011).

Examples of zooplankton compositional changes in the
Gulf of Mexico have also been explored using ecosystem
modeling. Manipulated shifts in GOM zooplankton communities
toward gelatinous dominated communities was shown to
severely reduced trophic transfer efficiency and overall biomass
production of higher trophic levels such as pelagic sportfish and
birds (Robinson et al., 2015). In systems such as the nGOM where
planktivores such as gulf menhaden are a major energy pathway
to higher trophic levels, understanding how compositional
changes of lower trophic levels like mesozooplankton is critical
for understanding how our coastal food webs could be impacted
by disturbances.

Limitations
Understanding interannual variability is important in order to
contextualize our abundance and biovolume data for this area
of the nGOM. This leaves a wide avenue for consolidating and
exploring what constitutes a “normal” zooplankton community
structure for this area of the LATEX shelf. Further comparison
of this study’s zooplankton communities to historic samples
will provide essential context for our results. Another limitation
of this study is our interpretation of community patterns at a
coarse taxonomic resolution. While our taxonomic degradation
analysis did not distinguish any significant differences between
our results when resolution was mixed, spanning family to class, a
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more refined resolution may highlight specific taxa within groups
that are driving our observed patterns of mesozooplankton
community change.

Broad Implications and Summary
Investigating patterns in mesozooplankton community structure
over space and time is critical for understanding how pelagic
food webs will react in a world of change. Understanding
drivers of these compositional changes is especially pertinent
in a climate regime where disturbances, like that from
hurricanes, are projected to increase in frequency and intensity
(Risser and Wehner, 2017). For an area such as the nGOM
which heavily relies on forage fish production, knowledge of
how these storms may impact coastal food webs and larval
fish survival is crucial for proper analysis of management
techniques and policy. To our knowledge, this paper described
the first spatial and temporal patterns in mesozooplankton
community structure on the LATEX shelf off Galveston, TX.
We observed strong seasonal differences in abundance and
unimodal patterns in diversity over the 6-months sampling
period driven by changes in temperature and salinity. Peak
abundance of important larval fish prey items varied in
both in space and time, which may have control over
recruitment success.
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