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Table 2. Station names, coordinates, depths, and sub-regions for pre-DWH
sites and post-DWH sites. B designates a pre-DWH sampling location. The
first three letters of all other station names (PCB and DSH) designate the transect
line for USF (post-DWH) samples. DWH is a post-DWH station named as such
for its sampling location being nearest the Deepwater Horizon oilrig explosion
site

Station Latitude °N Longitude ° W  Depth (m) Sub-Region

PCBO01 30.06 -85.83 25 Continental Shelf
PCB02 29.83 -86.18 50 Continental Shelf
PCBO03 29.73 -86.35 100 Continental Shelf
PCB04 29.57 -86.58 200 Continental Slope
PCBO05 29.44 -86.78 400 Continental Slope
PCB06 29.13 -87.27 1000 Oceanic
PCBI11 28.77 -87.29 1200 Oceanic
DSHO07 29.25 -87.73 400 Continental Slope
DSHO8 29.12 -87.87 1100 Oceanic
DSHO09 28.64 -87.87 2300 Oceanic
DSH10 28.98 -87.87 1500 Oceanic
DWH 28.74 -88.39 1550 Oceanic
B167 30.00 -86.00 40 Continental Shelf
B169 29.50 -86.50 200 Continental Slope
B171 29.50 -87.00 350 Continental Slope
B322 29.25 -88.00 300 Continental Slope
B175 29.00 -87.50 1140 Oceanic
BO081 28.50 -88.00 2200 Oceanic
B001 29.00 -88.00 1500 Oceanic

2.2.3 Zooplankton Analyses

Zooplankton abundances were calculated by identifying and enumerating dominant taxa
in a subsample (such as copepods, euphausiids, chaetognaths, ostracods, etc.), multiplying by the
number of splits for the subsample, and then dividing by the volume (m?) of water filtered as
determined by flowmeters. The post-DWH USF samples were analyzed microscopically to

species for copepods when possible by Dawn Outrum, otherwise to genus or higher taxon for
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other zooplankton. However, to compare our post-DWH and pre-DWH datasets, many post-
DWH zooplankton categories were collapsed into another in order to match the taxa grouping
structure of the pre-DWH data.

The pre-DWH zooplankton samples were analyzed using a Hydroptic ZooScan digital
imaging system. This innovative technology employs pattern recognition of zooplankter
geometric shapes to allow rapid identification down to a resolution determined by a ‘training
set’. The training set created for this study region included the categories listed in Table 3.

Pre-DWH ZooScan sample analyses followed the methods of Gorsky et al. (2010),
including sample preparation, scanning, and image processing with ZooProcess and Plankton
Identifier software. First, two daily blank background images were taken, which were
subsequently subtracted from the scanned zooplankton sample image. The pre-DWH samples,
which were preserved in ethyl alcohol, were transferred to distilled water and split into smaller
representative samples, or aliquots, using a Folsom splitter. The number of splits for a sample
was determined based on visual inspection of the ability for the sample to ‘fit’ atop the scanning
bed, without any individuals touching one another or the edges of the scanning bed. Once the

appropriate aliquot size was obtained (most often 67 splits, i.e., 1/32" or 1/64™ of the original

sample), the number of calanoid copepods present in the aliquots was counted to ensure at least
100 individuals were present. When <100 calanoid copepods were present, two scans were taken
to represent that sample by scanning the final and second to final split. The purpose of this
method is to obtain a representative aliquot of the original sample, since calanoid copepods often
dominate Gulf of Mexico assemblages. The resulting images are saved as JPEG files. Individual
zooplankton images, referred to as vignettes, were grouped by employing a created ‘training set’

based off of images captured by the ZooScan and processed by Plankton Identifier and
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ZooProcess software (Gorsky et al. 2010).

In order to expand the ‘learning’ of the training set, vignettes (single images) were used
to accurately identify the biological attributes of the samples. The training set contains folders
that represent each taxonomic group of organisms or abiotic objects (Table 3). Expanding this
training set required visual inspection of captured vignettes and adding each to their respective
folders. Since pattern recognition software has already been applied to each sample, the last step

required each automated classification to be visually validated for reliability.
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Table 3. Zooplankton taxa group names used to construct the ZooScan
“training set”. A superscript of 1 designates groupings present in only pre-DWH
samples while a superscript of 2 designates groupings only present in post-DWH

samples

Acartia spp.

Candacia spp.
Centropages spp.
Corycaeus spp.
Eucalanus spp.

Lucicutia spp.

Oithona spp.

Oncaea spp.

Sapphirina spp.

Temora spp.

Unknown Calanoids'
Unknown Copepods!
Amphipods
Appendicularians
Bivalves

Chaetognaths

Cladocera

Crab Megalops

Crab Zoea

Crustacean Naupli
Cumaceans>

Doliolids

Echinoderm Larvae and Juveniles
Eggs

Euphausiids (Non-Larval)
Hemichordata, Ptychodera flava?

Hydroid Polyps

Isopods?

Lucifer

Miscellaneous Decapod
Miscellaneous Gelatinous
Miscellaneous Mysids
Ostracods

Phyllosoma

Polychaeta

Pteropod Calvolinia
Pteropod Limacina
Pteropod, conical
Radioloarians?

Salps

Siphonophores
Stomatopods

Heteropod, Atlantidae
Heteropod, Non-Atlantidae
Fish Larvae

Cyphonautes
Miscellaneous Gastropods?
Unknown Young Malacostraca'
Holothuroidea®
Cephalopods

Miscellaneous Pteropods
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To assess zooplankton community structure, a diversity measure known as beta diversity
was employed (Whittaker, 1960). Beta diversity is a measure of both the variation in the
abundance and composition of zooplankton taxa among sample sites. Beta diversity considers
the ratio between gamma and alpha diversity at a sample site in order to assess the similarity
among sites within a sampling region (Whittaker 1960, Jost 2007). Taking Whittaker’s definition
into consideration, Anderson et al. (2006) proposed beta diversity as a multivariate measure of
average dissimilarity of a sample comprising a group to that group’s centroid where it can be
now be used to measure the variability of species composition from a sampling region. For
example, by employing a resemblance matrix, two sites with an identical number and types of
animals present will have the same ratio between alpha (local) and gamma (regional) diversity,
and will therefore be 100% identical, or have a similarity score of 1. Resemblance matrix values
range between 0 and 1 and therefore beta diversity is useful for assessing the degree of
community differentiation across a complex environmental gradient (Whittaker, 1960). For the
purposes of this study, zooplankton community structure is synonymous with zooplankton beta
diversity. Zooplankton beta diversity is being used as a measure of dissimilarity among sites
based on that the taxa present (composition) and corresponding abundance for each site (i.e.
sampling station).

2.2.4 Environmental Data Analyses

The influence of natural environmental variability on zooplankton community structure
was assessed by analyzing a number of parameters, including surface seawater temperature,
salinity, dissolved oxygen (DO), turbidity, discrete chlorophyll, and integrated chlorophyll

fluorescence (0—200 m), obtained during zooplankton collection. In addition, average daily MSR

discharge volume rates (3 days, 14 days, 21 days, and 30 days), and 3-day average daily wind
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components and magnitude were obtained from the United States Geological Survey Stream-
gauging Network, and NOAA National Centers for Environmental Information, respectively.
Some in-situ chlorophyll and wind values were missing from pre-DWH datasets. These missing
values were supplemented with chlorophyll values and surface currents extracted from the
Coupled-Ocean-Atmosphere-Wave- Sediment Transport Modeling System provided by Dr.
George Xue at Louisiana State University, similar to the physical model setup described by Zang
et al. (2018).

2.3 Multivariate Statistics of Pre- and Post-DWH

The relationship between environmental factors and zooplankton variability was assessed
separately for both pre-DWH zooplankton communities and post-DWH zooplankton
communities. Zooplankton abundance data can be found in the Supplemental Tables section.

The evaluation of the influence of environmental variability on zooplankton community
structure consisted of two components. The first component assessed environmental conditions
and zooplankton beta diversity separately to detect differences across seasons and years. The
next component related environmental variables to changes observed in zooplankton
assemblages across seasons and years.

To achieve the first component, scanned pre-DWH samples and post-DWH zooplankton
data were categorized by environmental conditions and zooplankton beta diversity. These data
were compared between seasons across years (i.e., spring vs. summer) and within-seasons
between years (i.e., summer 20xx vs. summer 20xy) to assess significant differences. Euclidean
Distance on standardized data and Bray-Curtis Dissimilarity metrics on fourth-root transformed
data were used for all multivariate testing of environmental data and zooplankton data,

respectively.
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Euclidean distance is a dissimilarity metric calculated when analyzing continuous non-
zero data of multiple variables. Euclidean distance reduces the multidimensionality of abiotic
data by calculating a new single variable from the multivariate data of each site. A new single
variable for each site can then be compared to another, yielding a resemblance matrix of site-to-
site comparisons. Bray-Curtis dissimilarity works similarly but was used for comparing
zooplankton compositional dissimilarity among sites. Bray-Curtis is more appropriate when
analyzing biological data as it treats sites with missing species as ecologically similar. Bray-
Curtis dissimilarities were calculated to infer the beta diversity of zooplankton groups.

Non-parametric permutation-based multivariate pairwise analysis of variance
(PERMANOVA-PW), Canonical Analysis of Principal Coordinates (CAP), similarity
percentages (SIMPER), and indicator values (INDVAL) were used to determine if environmental
conditions (Xguc) or beta diversity (Ysc) were significantly different across seasons or years. All
statistical analyses were conducted using MATLAB R2015a using the “Fathom” multivariate
statistics toolbox for MATLAB (Jones 2017). PERMANOVA-PW tests the null hypothesis of

no difference among groups’ means, where significance was assessed at 1,000 permutations (o =

0.05) of observations in either X or Y (Anderson 2001). Since the nature of this study produces
multiple means to be compared at once, PERMANOVA testing is useful for comparing statistical
significance among groups when group dispersions are homogeneous. All within group
dispersions were tested by conducting a PERMANOVA-PW on group residuals (Anderson,
2006). When dispersions were non-homogeneous, a super-ensemble model technique (Anderson
et al., 2017) recently embedded within the PERMANOVA-PW routine (unpublished) in the

Fathom toolbox for MATLAB (Jones, 2017) was employed. This multivariate technique
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implicitly adjusts for unequal dispersions between groups, often a result of varying sample sizes
between groups.

Significant PERMANOVA-PW tests were followed up with a discriminant analysis,
Canonical Analysis of Principal Coordinates (CAP). This test is useful for visualizing differences
among groups and determining which variables were most responsible for driving the separation
of these groups (Anderson and Willis, 2003; Legendre and Legendre, 2012).

For zooplankton, similarity percentages (SIMPER) (Clarke and Warwick, 1994) and
indicator values (INDVAL) (Dufrene and Legendre, 1997; De Caceres and Legendre, 2009;
Legendre and Legendre, 2012; Clarke and Gorley, 2015) were employed to identify groups of
zooplankton that were good discriminating species between two groups. The SIMPER routine
first calculates the average dissimilarity between all pairs of groups then identifies the separate
contributions of each type of zooplankton driving differences between groups. The INDVAL
routine determines whether a taxon can be considered a significant indicator of a group by

assessing the permutation-based significance () of that taxon and the ‘indicator value’ of

whether that animal appeared in most of the samples comprising a group and if that animal

demonstrated a higher fidelity to one group over another (Dufrene and Legendre, 1997). For this
study, indicator taxa were selected only if they were both statistically significant (a0 = 0.05) and

if the strength, or magnitude, of its ‘indicator value’ was greater than 45.

The second component of the multivariate analyses related the influence of
environmental factors to variation in zooplankton beta diversity. Distance-based Redundancy
Analysis (dbRDA) in conjunction with Akaike’s Information Criterion (AIC) was used to
explore these relationships. Distance-based RDA analysis assesses environmental variables to

develop a combination of those criteria that best explain dissimilarities derived from the
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zooplankton data (Clarke and Warwick, 1994; Legendre and Anderson, 1999) and AIC
determines the significance of those contributing environmental variables (Godinez-Dominguez
and Freire, 2003).
2.4 Comparisons of Pre-DWH versus Post-DWH

Comparisons of pre- and post-DWH zooplankton were analyzed in two ways. First,
multivariate analyses were conducted to identify changes in beta diversity between pre- and post-
DWH zooplankton communities. Next, abundance and percent composition of six major
zooplankton groups and seven copepod genera for pre-DWH and post-DWH were compared.
Taxa included in comparative multivariate analysis of beta diversity can be found in Table 4,
non-copepod taxa and copepod genera included in abundance and percent composition
comparative analyses can be found in Table 5 and Table 6, respectively. Some of the six major
groups (i.e. Total Copepods) represented a cumulative total of other groups. Taxa included in
each of these can be found in Table 7. Because of the seasonal abundance and regional fidelity of
some groups, comparisons were conducted based on seasons and sub-regions. Due to the
variable sampling frequency between pre-DWH and post-DWH sampling efforts, only spring
oceanic, summer continental shelf, and both spring and summer continental slope stations were
analyzed. Classification of stations within each sub-region can be found in Table 2.
2.4.1 Multivariate Comparative Analyses

Principal Coordinates Analyses (PCoA) were used to organize the total variability of the
multivariate beta diversity measures of pre- and post-DWH samples. Resulting ordination
diagrams illustrate the total variability of beta diversity among all stations in two-dimensional
space where each axis displays a percentage of the total explained variability. These ordinations

are useful to determine whether distinct grouping between pre- and post-DWH samples was
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observed or whether substantial overlap suggested beta diversity was similar. Distance between
objects indicated similarity (or dissimilarity) of zooplankton beta diversity at each station; closer
objects are more similar while further apart objects are less similar. Vector biplots accompany
the ordinations and depict the presence and abundance of taxa groups that explain at least 3% of
total variability based on SIMPER results or deemed as significant indicators per INDVAL
testing. Taxa groups displayed as arrow vectors depicted in the ordination are relative gradients
with only positive ends visualized. The vectors are drawn through multivariate space and
correspond to total explained variability. Objects can be superimposed onto a taxa vector arrow
to estimate the presence and abundance of that animal at that station. Proximity and length of the
arrow to the x-axis infers to the relative importance of that variable (Legendre and Legendre,
2012). This exploratory method was selected for assessing differences between pre-and post-
DWH zooplankton communities as opposed to hypothesis-driven counterparts due to the
different methodology of determining abundances of groups in samples (i.e. ZooScan versus
microscopy). By assessing total variability as opposed to formulating an a priori hypothesis
(such as done with permutation-based testing like CAP), results will offer insight into differences
that may be related to zooplankton community variability or variability of the methodology.
2.4.2 Abundance and Percent Composition of Zooplankton Assemblages

Comparative analyses of pre-DWH to post-DWH were also conducted by testing the
percent composition and abundances of some zooplankton groups by season and sub-region for
each sampling period.

Comparisons of percent composition for some zooplankton groups were utilized in order
to assess the conservation of community structure of animal abundances relative to one another.

Comparisons of percent composition for pre- versus post-DWH sampling periods were first
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