
Vol.:(0123456789)

Estuaries and Coasts           (2025) 48:85  
https://doi.org/10.1007/s12237-025-01523-2

Assessing Long‑Term Changes to Estuarine Benthic Communities 
in the Northwestern Gulf of Mexico

Damon Williford1   · Joel Anderson1 

Received: 18 December 2024 / Revised: 10 March 2025 / Accepted: 11 March 2025 
© The Author(s), under exclusive licence to Coastal and Estuarine Research Federation 2025

Abstract
The assessment of long-term changes to estuarine biotic community structure is an important first step towards fisheries 
management and conservation in the face of changes to climate and other extrinsic factors. In Texas, temporal changes in 
community structure have recently been documented in several independent studies, but such studies are often focused on 
larger, managed pelagic species, rather than smaller benthic organisms. We used a 38-year (1986–2023) dataset of fishery-
independent trawl data to assess spatial and temporal change to estuarine benthic fish and macro-invertebrate communities 
coast-wide across Texas. We observed significant spatial variability in catch-per-unit-effort (CPUE) that was associated with a 
known transition from northern (temperate) to southern (sub-tropical) climatic regimes. We also observed significant temporal 
variability between early (1986–2001) and more recent years (2002–2023), and this variability was associated with changes 
in overall CPUE, the ratio of pelagic/demersal taxa, Shannon diversity index, taxonomic distinctness, and either positive or 
negative impacts to annual CPUE of several commonly encountered taxa. Linear regression revealed that changes in com-
munity structure (modeled using an ordinated variable from principal components analysis) and community diversity metrics 
were significantly correlated with both a decline in commercial shrimping effort and an increase in the Atlantic Multidecadal 
Oscillation (AMO) index. Reduced shrimping effort has reduced bycatch mortality of trawl-associated fish species, many of 
which have also benefitted from milder winters associated with the warm phase of the AMO. Reduced fishing-related mortal-
ity of trawl-associated fish species combined with a warming climate have likely contributed to reorganization of benthic fish 
and macro-invertebrate communities over time. Our results indicate that climate factors are at least as important as fishing 
in shaping biotic communities of estuaries in the northwestern Gulf of Mexico, and both factors should be considered when 
devising management strategies for individual species and estuarine communities alike.
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Introduction

The Gulf of Mexico (GoM) can be generally described as 
a transition zone between temperate and sub-tropical cli-
matic and biotic systems (e.g., Stevens et al., 2006). The 
temperate/sub-tropical gradient is a prominent feature of 
coastal areas in Texas, where nine major coastal estuar-
ies (Fig. 1) represent a gradient of water temperature and 

salinity, with these two parameters increasing with decreas-
ing latitude. Lower salinity of the upper coast estuaries is 
the result of both greater freshwater inflow from major riv-
ers and the region’s higher annual rainfall than in south-
ern estuaries (Armstrong, 1987; Kim et al., 2014; Orlando 
et al., 1991). Rainfall on the Texas coast ranges from 135 to 
152 cm year−1 in the area around Sabine Lake in the north, 
to 55 cm year−1 on the southern coast in the vicinity of the 
Upper and Lower Laguna Madre estuaries (Kinard et al., 
2021; Texas Water Development Board, 2024). Most of 
the freshwater inflow for Texas’ southern bays is restricted 
to single major river systems, with highly variable flow. 
Perhaps one of the most extreme estuarine systems in the 
world, the Upper Laguna Madre is a hypersaline lagoon 
that is almost entirely enclosed by land and regularly attains 
salinity over 60 psu. Freshwater inflow in the Upper Laguna 
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is limited to small, often intermittent, coastal streams, and 
water exchange with the northwestern GoM is limited to a 
single channel at its northern end. Texas estuaries are rela-
tively shallow, with average depths varying from 1 m in the 
Upper and Lower Laguna Madre and East Matagorda Bay 
to about 2 m in other bays, although areas around dredged 
navigation channels may be ≥ 12 m deep (Armstrong, 1987; 
Orlando et al., 1991; Cifuentes & Kaldy, 2006). Dynamic 
climatic and hydrological variation shapes the estuarine 
biotic communities in these systems, thus making coastal 
Texas an excellent laboratory for exploring the effects of 
climatic variation on the community structure of fish and 
aquatic invertebrates.

The Coastal Fisheries Division of the Texas Parks 
and Wildlife Department (TPWD) has conducted regular 
monthly sampling in Texas’ coastal estuaries using bag 
seines, gill nets, and trawls as part of a fishery-independ-
ent resource monitoring program since 1982. These long-
term datasets provide opportunities to assess the spatial 

and temporal trends in species abundance and community 
structure in Texas estuaries; and several recent studies have 
begun to address this goal. Coffey et al. (2025) used TPWD 
trawl data to examine how salinity affected the community 
structure of nekton within and among Texas estuaries and 
how this varied among wet and dry periods from 1982 to 
2020. Bag seine and gill net data collected by TPWD have 
been previously used to examine changes in abundance and 
diversity of fishes and invertebrates along the Texas coast 
in relation to climatic variation from the 1980s to early 
twenty-first century (Ceron et al., 2023; Fujiwara et al., 
2019, 2022; Pawluk et al., 2022; Sluis et al., 2025). Fujiwara 
et al. (2022) noted that winter-spawning species underwent 
a general decline in abundance from 1982 to 2019, whereas 
species that spawn outside of winter had become more 
common. Fujiwara et al. (2019), Pawluk et al. (2022), and 
Ceron et al. (2023) noted that tropical species had increased 
in abundance since the 1980s as well as increases in spe-
cies richness and diversity. Fujiwara et al. (2019) and other 

Fig. 1   Map of study area. Cross-hatched regions represent sampling grids for TPWD fishery-independent resource monitoring program
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studies (Ceron et al., 2023; Fujiwara et al., 2022; Pawluk 
et al., 2022) concluded that most of the observed changes in 
abundance, diversity, and structure among littoral fish and 
macro-invertebrate communities were driven by a warming 
climate and generally milder winters.

Of the gears employed in the TPWD fishery-independent 
monitoring program, bottom trawls are the most effective 
for sampling taxonomic and community structure of benthic 
habitats, and it is also the only gear in the TPWD portfo-
lio that is used in open-water sampling grids (i.e., it is not 
deployed solely along shorelines). Despite this, community 
assessments from the bottom trawl sampling program in 
Texas are generally less well-represented in the community 
change literature than either gill net (Ceron et al., 2023; 
Pawluk et al., 2022; Sluis et al., 2025) or bag seine (Fuji-
wara et al., 2019, 2022) datasets (although see Coffey et al., 
2025). Bottom trawl datasets have previously been recog-
nized for their importance globally in assessing marine spe-
cies climate-driven range shifts, and especially for assessing 
species vulnerabilities and adaptive management in the face 
of changing climate (Gervelis et al., 2023; Maureaud et al., 
2021).

In this study, we used the long-term fishery-independ-
ent trawl dataset maintained by TPWD to examine how 
fish and macro-invertebrate communities of Texas estuar-
ies are structured geographically and how the coastwide 
demersal estuarine community has changed from 1986 to 
2023. Furthermore, we evaluated the multivariate nature of 
biotic change in the context of long-term temporal changes 
in fishing behaviors (shrimp trawling and oyster dredging) 
and climatic oscillations. Our specific objectives were the 
following: (1) describe and assess the overall structure of 
fish and macro-invertebrate communities in Texas inshore 
waters using fishery-independent trawl gear that is similar 
to trawls deployed by the commercial shrimping industry; 

(2) examine the spatial and temporal trends in abundance of 
the most common species; and (3) infer possible causes of 
observed changes, particularly in relation to anthropogenic 
factors (fishing) and climatic factors. The size and scope 
of these data allow for broad-scale analysis of climate- and 
fishing-induced changes to estuarine communities in Texas, 
and the interpretations of the drivers of change could be 
broadly extrapolated to make inferences about similar com-
munity shifts observed in other GoM estuaries.

Methods

Field Techniques

The Coastal Fisheries Division of TPWD has conducted 
regular monthly sampling using trawls as part of a fish-
ery-independent resource monitoring program in seven 
major estuaries of the Texas coast since 1982. Sampling 
of Sabine Lake began in 1986 and East Matagorda Bay in 
1987. We limited our data to sampling collected between 
1986 and 2023 due to the potential impact of large changes 
in sampling effort prior to 1986. The 1986–2023 data-
set encompassed 66,458 individual sample deployments 
(x ̅ samples/year = 1749, Table 1). Trawl samples were 
conducted between 0.5 h before sunrise and 0.5 h after 
sunset, with half of the scheduled monthly trawls sam-
ples collected during the first 15 days and the remainder 
collected during the remaining days of the month (Mar-
tinez-Andrade, 2015). Twenty trawls per month were per-
formed in larger estuaries (Sabine Lake, Galveston, West 
Matagorda, San Antonio, Aransas, and Corpus Christi 
Bays), whereas ten trawls per month were performed in 
East Matagorda Bay and the Upper and Lower Laguna 
Madre. Coastal Fisheries trawls were 6.1-m wide otter 

Table 1   Hydrological and physical characteristics of the Texas Gulf of Mexico estuaries

Mean (± SE) values of water temperature (temp.), salinity, turbidity, and dissolved oxygen (DO), and depth (m), maximum depth, and number 
of trawls (N) performed over the study period are based on data collected by TPWD Coastal Fisheries Division as part of trawl sampling from 
1986–2023. Surface area (SA) and freshwater inflow (FI) are derived from the Texas Water Development Board (2024) and Matlock & Osborn 
(1982). Codes for bays are as follows: SL, Sabine Lake; GB, Galveston Bay; EMB, East Matagorda Bay; WMB, West Matagorda Bay; SAB, San 
Antonio Bay; AB, Aransas Bay; CCB, Corpus Christi Bay; ULM, Upper Laguna Madre; and LLM, Lower Laguna Madre

Characteristic SL GB EMB WMB SAB AB CCB ULM LLM

Temp. (°C) 21.7 ± 0.09 22.0 ± 0.07 22.8 ± 0.10 22.4 ± 0.07 22.7 ± 0.07 22.6 ± 0.07 22.9 ± 0.06 23.5 ± 0.09 23.8 ± 0.08
Salinity (ppt) 7.3 ± 0.08 15.9 ± 0.09 24.0 ± 0.10 23.4 ± 0.08 18.3 ± 0.11 21.1 ± 0.09 31.2 ± 0.06 38.2 ± 0.15 33.3 ± 0.08
Turbidity (ntu) 20.0 ± 0.34 23.7 ± 0.40 32.9 ± 0.79 22.3 ± 0.39 23.6 ± 0.38 18.6 ± 0.39 13.6 ± 0.19 21.6 ± 0.55 20.7 ± 0.69
DO (mg/L) 7.9 ± 0.02 7.7 ± 0.02 7.4 ± 0.02 7.5 ± 0.02 7.8 ± 0.20 7.5 ± 0.02 7.0 ± 0.02 6.8 ± 0.03 7.2 ± 0.03
Mean depth (m) 2.2 ± 0.02 2.4 ± 0.01 1.8 ± 0.01 2.9 ± 0.01 2.0 ± 0.01 2.5 ± 0.01 3.6 ± 0.01 2.1 ± 0.01 2.0 ± 0.01
Maximum depth (m) 15.3 14.6 7.0 20.0 16.8 11.2 17.4 6.1 14.2
SA (ha × 1000) 18.3 139.7 15.3 98.9 57.9 45.2 43.3 41.0 72.7
FI (km3) 17.3 13.6 0.7 4.3 3.1 0.6 0.7 0.3 0.7
N 5308 9368 4678 9368 9367 9358 9356 4828 4678
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trawls with 38 mm stretched nylon multifilament mesh 
throughout. Trawl doors were 1.2 m long and 0.5 m wide 
and constructed of 13 mm plywood with angle iron frame-
work and iron runners. This construction was qualitatively 
similar to the design of trawls used in the inshore com-
mercial shrimp trawl fishery in Texas.

Each estuary was divided into 1-min2 grids aligned with 
the geographic coordinate system, and grids are sampled 
in stratified random design. A grid was considered sample-
able by trawl if one-third of that grid’s depth at mean low 
tide is ≥ 1 m. Galveston, West Matagorda, San Antonio, 
Aransas, and Corpus Christi Bays are stratified into equal-
sized upper and lower bay zones with half of the monthly 
trawl samples collected in the upper zone and half in the 
lower zone to ensure good spatial distribution of samples. 
The smaller estuaries (Sabine Lake, East Matagorda Bay, 
and Upper and Lower Laguna Madre) were not spatially 
stratified. Trawls were never conducted in the same grid 
more than once per month. Trawl samples were also not 
collected from navigation channels.

Salinity (ppt), water temperature (C°), dissolved oxy-
gen (mg/L), and turbidity (ntu) were collected 0.3 m off 
the bottom before trawling began. Depth was measured 
to nearest 0.1 m using a marked PVC pole or an on-board 
depth finder. Trawls were towed at 4.8 kph for 10 min 
(0.167 h) in a circular manner near the center of each grid. 
Latitude and longitude were recorded before and after the 
completion of the trawl. Organisms captured by the trawl 
were identified to species-level whenever possible. Marsh 
and daggerblade grass shrimps (Palaemon vulgaris and P. 
pugio) were identified to the level of genus because of the 
large numbers of grass shrimps collected and the difficulty 
of using morphological traits to separate these two species 
in the field. Species such as silversides (Menidia spp.), 
bonefishes (Albula spp.), and ladyfishes (Elops spp.) were 
also identified only to genus level because congeners can 
only be reliably separated using genetic methods (McBride 
et al., 2010; Olsen et al., 2016; Picket et al., 2020; Wil-
liford et al., 2022). Organisms identified to genus-level 
were treated as species in later analyses. All individuals 
were counted. Catch per unit effort (CPUE) per sample 
for each species was calculated as the number of individu-
als captured divided by the length of time, in hours, for 
which the trawl was pulled. For each sample, the first 19 
individuals of each species (except for hermit crabs) were 
measured. Length was measured (in mm) as follows: fish 
from the tip of snout to tip of longest caudal fin ray, shrimp 
were from the tip of rostrum to tip of telson, squid from 
posterior mantle margin to top of pen, brachyuran crabs 
as lateral spine width, bivalves as the widest portion of 
shell, snails the longest axis of shell, and sea stars as the 
maximum diameter (i.e., maximum arm span).

Statistical Analysis

A relatively small number of species made up the bulk 
of the organisms collected through trawls (see Results); 
therefore, we focused our analysis on the 40 most abundant 
species. The spatial and temporal dynamics of the most 
common taxa will likely reflect the major changes in com-
munity composition (Collie et al., 2008). We calculated 
overall and annual catch (number of individuals), CPUE, 
and mean length (mm) of each focal species, and classi-
fied each focal species as pelagic or demersal (including 
those that are usually classified as benthic or benthope-
lagic) using information obtained from either FishBase 
(Froese & Pauly, 2024) or SeaLifeBase (Palomares & 
Pauly, 2024). To assess whether the sampling methods 
and effort employed by TPWD Coastal Fisheries was suf-
ficient to detect spatial differences among the nine bays, 
we performed a redundancy analysis (RDA, Legendre 
& Legendre, 1998) using log10-transformed (x + 1) bay-
specific annual CPUE data. The ordination axes of RDA 
are linear combinations of independent (explanatory) vari-
ables. Yearly averages of water temperature, salinity, dis-
solved oxygen, depth, and turbidity were used as explana-
tory variables. Results were illustrated as a biplot using 
type 1 scaling (Legendre & Legendre, 1998). We further 
assessed differences among the bays by calculating the 
overall catch of each species in each bay. The RDA was 
carried out using the computer program PAST, version 
4.13 (Hammer et al., 2001).

We examined coastwide temporal trends at the species 
and community levels using multiple approaches. First, 
we explored temporal trends of the forty focal species by 
regressing each species’ log10-transformed (x + 1) annual 
coastwide CPUE against time (years). For community 
level analysis, we initially assessed differences among 
years by performing a hierarchical cluster analysis based 
on Bray–Curtis dissimilarity (Bray & Curtis, 1957) using 
log10-transformed (x + 1) CPUE. The results of this analysis 
suggested that the time span consisted of two clusters: one 
consisting of years 1986–2001 and another composed to the 
remaining years 2002–2023 (although the year 2000 fell in 
with the later cluster; Fig. 2). For all subsequent analyses, we 
referred to 1986–2001 as the early period and 2002–2023 as 
the late period. To determine whether significant differences 
existed between suites of organisms observed between the 
early and late periods, we performed a one-way analysis of 
similarities (ANOSIM; Clarke, 1993). We further assessed 
differences amongst the two time periods by conducting 
similarity of percentages (SIMPER; Clarke, 1993). SIMPER 
determines how much each species contributes to the dis-
similarity between groups. Bray–Curtis dissimilarity index 
was applied to log10-transformed (x + 1) CPUE data for both 
the ANOSIM and SIMPER analyses.
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We visualized how the estuarine biotic community had 
changed between 1986 and 2023 by performing a principal 
components analysis (PCA) using the species as explanatory 
variables. PCA creates new variables (components) that are 
ordinated combinations of raw variables and that account for 
as much variation in the data as possible. The relative load-
ings of species log10-transformed (x + 1) CPUE on ordinated 
PCA variables allowed another way to determine which spe-
cies were driving most of the community change from 1986 
to 2023. The clustering analysis, ANOSIM, SIMPER, and 
PCA were performed using PAST. We also constructed plots 
of the annual coastwide CPUE for species that contributed 
the most to the differentiation of the two time periods as 
inferred by either PCA or SIMPER as well as for commer-
cially important penaeid shrimps. Finally, we regressed 
annual mean length data for each species against time to 
assess whether changes in body size were correlated with 
changes in CPUE.

Lastly, we calculated six annual metrics as additional 
assessments of community-level changes over time. We 
used annual CPUE of each focal species to compute two 
biodiversity estimates, Shannon (1948) diversity index and 
taxonomic distinctness (Clarke & Warwick, 1998; War-
wick & Clarke, 1995), using the software program PAST. 
The Shannon diversity index quantifies the proportion of 
individuals per species in a dataset, and the index should 

decline with decreasing representation among taxa. Taxo-
nomic distinctness accounts for the distance between as well 
as CPUE among differing taxonomic levels and is expected 
to decrease with increasing disturbance (Rogers et al., 1999; 
Warwick & Clarke, 1995, 1998). To calculate taxonomic 
distance, we used six taxonomic levels: species, genus, fam-
ily, order, class, and phylum (Appendix S1). Taxonomy of 
fishes was based on Near and Thacker (2024) and taxonomy 
of macro-invertebrates was derived from the World Register 
of Marine Species (WoRMS Editorial Board, 2024).

Total annual CPUE was computed by summing the entire 
catch of the 40 focal species by year and dividing by the 
total trawling hours. Annual pelagic-demersal ratio was cal-
culated as the number of individuals classified as pelagic 
divided by number of individuals of demersal species (Collie 
et al., 2008; de Leiva Moreno et al., 2000). The invertebrate-
fish ratio was calculated in a similar manner: the number of 
invertebrates divided by the number of fish for each year. 
We were unable to compute biomass because weight data 
was not collected; therefore, we used length data to calculate 
mean community length (Collie et al., 2008) as a proxy. We 
multiplied the overall mean length of each focal species by 
the species’ annual CPUE and the subsequent products were 
divided by the total CPUE of relevant year. Simple linear 
regression was used to determine whether any of the six 
community metrics exhibited significant temporal trends.

Fig. 2   Dendrogram of years (1986–2023) based on CPUE data of 40 
most abundant species captured TPWD fishery-independent trawls 
from Texas inshore waters and inferred using Bray–Curtis dissimi-

larity distance. Note the existence of two clusters representing early 
(1986–2001) and late (2002–2023) periods
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We sought to infer the impacts of climate and com-
mercial fishing on community structure by assessing 
the relationship between dependent variables, the first 
principal component (PC1) and community metrics (total 
annual CPUE, Shannon diversity index, taxonomic dis-
tinctness, community mean size, invertebrate-fish ratio, 
and pelagic-demersal ratio), and four predictor variables: 
(1) number of commercial bait trawling licenses issued 
by TPWD; (2) coastwide commercial oyster harvest in 
Texas; (3) the Atlantic Multidecadal Oscillation (AMO); 
and (4) the Pacific Decadal Oscillation (PDO). Annual 
harvest of oysters in metric tons was obtained from the 
Fisheries One Stop Shop of the National Oceanic and 
Atmospheric Administration (NOAA, https://​www.​
fishe​ries.​noaa.​gov/​foss). The AMO is an ongoing, long-
duration driver of sea surface temperature, with cool and 
warm phases that each last 20–40 years (Endfield et al., 
2001; McCabe et al., 2004), is a major driver of sea sur-
face temperature change in the North Atlantic and the 
GoM (del Monte-Luna et al., 2015; Drinkwater et al., 
2014; Muller-Karger et al., 2015), and influences long-
term trends in precipitation across North America (Curtis, 
2008; Feng et al., 2010; McCabe et al., 2004). The PDO 
is another long-term climatic phenomenon that affects 
the GoM. The PDO has been described as a long-lived El 
Niño-like pattern in the Pacific Ocean, with distinct warm 
and cold phases (Mantua & Hare, 2002; Zhang et al., 
1997). The simultaneous occurrence of the PDO cold 
phase and the AMO warm phase increases the intensity 
of drought conditions in Mexico and southwestern United 
States, conversely the warm phase of the PDO combined 
with the cool phase of the AMO can increase river dis-
charge into the northern GoM due enhanced precipitation 
(Clark et al., 2014; Endfield et al., 2001; Murgulet et al., 
2017; Pavia et al., 2006). The AMO index is based on the 
average of sea surface temperature in the North Atlantic 
between 0° and 60° N, and the PDO index is based on the 
average of sea surface temperatures of the North Pacific 
poleward of 20°N. Monthly values of the AMO index 
were obtained from obtained from NOAA’s National 
Centers for Environmental Information (https://​www1.​
ncdc.​noaa.​gov/​pub/​data/​cmb/​ersst/​v5/​index/​ersst.​v5.​amo.​
dat) and monthly values of the PDO were obtained from 
the NOAA’s Physical Sciences Laboratory (https://​psl.​
noaa.​gov/​pdo/). Yearly means of the AMO were derived 
by averaging the monthly (Jan-Dec) values. Temporal 
trends of the four predictor variables were examined and 
compared to trends observed in the community metrics. 
The nature and strength of the relationship between each 
predictor and each dependent variable (PC1 and commu-
nity metrics) was assessed using simple linear regression.

Results

The 40 most abundant species consisted of 25 species of 
ray-finned fishes and 15 species of macro-invertebrates, 
including ten crustaceans, four mollusks, and one echi-
noderm (Table 2). These 40 species accounted for 97% 
(n = 5,337,939) of the 5,518,715 organisms captured 
between 1986 and 2023. Most of the focal species were 
classified as demersal, with only five pelagic species 
present among the focal group: Bay Anchovy (Anchoa 
mitchilli), Gulf Menhaden (Brevoortia patronus), Atlantic 
Spadefish (Chaetodipterus faber), Atlantic Bumper (Chlo-
roscombrus chrysurus), and Threadfin Shad (Dorosoma 
petenense). Overall, Atlantic Croaker (Micropogonias 
undulatus), Pinfish (Lagodon rhomboides), Spot (Leios-
tomus xanthurus), and Bay Anchovy were the four most 
abundant fishes. Brown shrimp (Penaeus aztecus), white 
shrimp, Atlantic brief squid (Lolliguncula brevis), and 
blue crab (Callinectes sapidus) were the most abundant 
macro-invertebrates. The species comprising the greatest 
proportion of the annual catch each year alternated among 
Spot, Pinfish, and Atlantic Croaker. Spot was the most 
abundant species in 11 years of the study period (1988, 
1990, 1996, 1998, 2001, 2003, 2007, 2012, 2014, 2018, 
2019, 2021), Pinfish was the most abundant species in 
12 years of the study (1989, 1999, 2000, 2002, 2004, 2006, 
2008, 2009, 2011, 2013, 2020, 2022), and Atlantic Croaker 
was numerically dominant other years (1986, 1987, 
1991–1995, 1997, 2005, 2010, 2015–2017, 2023). Brown 
shrimp was the most abundant macro-invertebrate in 23 
of 38 years of the study period (1986–1996, 2000, 2001, 
2006, 2009–2015, 2021, and 2023), whereas in other years 
white shrimp was the most abundant macro-invertebrate.  

RDA based on CPUE (Fig. 3) and raw catch data (num-
ber of individuals, Table 3) revealed substantial spatial 
structuring along the Texas coast. Axis 1 and 2 of the first 
RDA explained a combined 27% of the variance in the 
dataset. The first gradient (axis 1) was driven primarily 
by salinity and temperature, with samples from the Upper 
and Lower Laguna Madre forming a cluster of points dis-
tinct from those of other bays (Fig. 3 and Table S1). The 
second gradient (axis 2) was primarily governed by depth, 
with Corpus Christi Bay clustering separately from shal-
lower bays. Atlantic Croaker, Sand Seatrout (Cynoscion 
arenarius), Gulf Menhaden, white shrimp, and Atlantic 
rangia (Rangia cuneata) were negatively correlated with 
temperature and salinity and more closely associated 
with upper coast bays (Sabine Lake, Galveston Bay, and 
East Matagorda Bay). In contrast, Pinfish, pink shrimp 
(Penaeus duorarum), Pigfish (Orthropristis chrysoptera), 
Silver Perch (Bairdiella chrysoura), and Gulf grassflat 
crab (Dyspanopeus texanus) were more closely associated 

https://www.fisheries.noaa.gov/foss
https://www.fisheries.noaa.gov/foss
https://www1.ncdc.noaa.gov/pub/data/cmb/ersst/v5/index/ersst.v5.amo.dat
https://www1.ncdc.noaa.gov/pub/data/cmb/ersst/v5/index/ersst.v5.amo.dat
https://www1.ncdc.noaa.gov/pub/data/cmb/ersst/v5/index/ersst.v5.amo.dat
https://psl.noaa.gov/pdo/
https://psl.noaa.gov/pdo/
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with Upper and Laguna Madre and their abundances were 
positively correlated with temperature and salinity. Gulf 
Butterfish, Spot, Atlantic Bumper, Atlantic brief squid, 
and lesser blue crab (Callinectes similis) were positively 
correlated with depth and were more associated with 

deeper bays (West Matagorda, San Antonio, Aransas, and 
Corpus Christi Bays).

Raw catch data paralleled the results from the RDA. 
Atlantic Croaker, Sand Seatrout, Gulf Menhaden, and white 
shrimp exhibited north-to-south decline in the number of 

Table 2   Top 40 species 
captured in TPWD fishery-
independent trawls between 
1986–2023

For each species we provide the habitat classification (demersal or pelagic), number of individuals captured 
during the study period (N), frequency of occurrence (Freq.), and the mean, minimum, and maximum of 
total length (TL, mm) of each species measured
1 Carapace length of Pagurus pollicaris was obtained from Gosner (1978). TPWD does not measure hermit 
crabs as part of its resource monitoring program

Species Habitat N Freq Mean TL TL (min–max)

Anchoa mitchilli Pelagic 307,332 42 50.5 ± 0.03 5–110
Ariopsis felis Demersal 111,379 37 195.1 ± 0.24 20–762
Bagre marinus Demersal 83,388 15 142.3 ± 0.19 10–765
Bairdiella chrysoura Demersal 145,121 30 129.3 ± 0.09 10–303
Brevoortia patronus Pelagic 172,403 27 96.6 ± 0.12 8–341
Callinectes sapidus Demersal 132,513 38 79.5 ± 0.13 6–286
Callinectes similis Demersal 48,009 14 46.4 ± 37 5–125
Chaetodipterus faber Pelagic 7357 5 89.2 ± 0.41 3–328
Chloroscombrus chrysurus Pelagic 54,947 6 85.6 ± 0.16 16–234
Citharichthys spilopterus Demersal 8121 7 93.8 ± 0.22 8–198
Cynoscion arenarius Demersal 57,076 21 123.6 ± 0.21 7–443
Cynoscion nothus Demersal 8851 3 110.8 ± 0.40 21–333
Dorosoma petenense Pelagic 12,226 6 124.2 ± 0.24 11–322
Dyspanopeus texanus Demersal 35,931 5 13.9 ± 0.04 3–38
Ictalurus furcatus Demersal 19,684 2 203.6 ± 0.76 26–748
Lagodon rhomboides Demersal 823,640 44 112.4 ± 0.04 9–442
Leiostomus xanthurus Demersal 814,923 54 126.3 ± 0.05 3–361
Lolliguncula brevis Demersal 369,330 36 49.1 ± 0.04 3–120
Luidia clathrata Demersal 16,618 2 113.1 ± 0.39 17–226
Micropogonias undulatus Demersal 940,007 63 116.8 ± 0.06 8–602
Mugil cephalus Demersal 28,177 8 203.7 ± 0.47 12–642
Opsanus beta Demersal 7528 3 141.3 ± 0.80 5–381
Orthopristis chrysoptera Demersal 21,825 7 131.4 ± 0.29 5–382
Pagurus pollicaris1 Demersal 8312 6 31 na
Palaemon spp. Demersal 33,521 3 29.1 ± 0.01 2–70
Penaeus aztecus Demersal 484,356 36 96.3 ± 0.05 6–221
Penaeus duorarum Demersal 43,378 11 90.7 ± 0.10 8–198
Penaeus setiferus Demersal 359,729 37 84.7 ± 0.04 6–218
Peprilus burti Demersal 22,038 9 84.9 ± 0.18 15–235
Pogonias cromis Demersal 14,173 7 254.1 ± 1.14 14–1436
Polydactylus octonemus Demersal 8978 4 157.2 ± 0.29 15–299
Rangia cuneata Demersal 59,341 3 31.4 ± 0.08 6–98
Rangia flexuosa Demersal 13,131 1 33.2 ± 0.19 7–84
Selene setapinnis Demersal 10,215 4 85.4 ± 0.26 9–466
Solenosteira cancellaria Demersal 9263 3 27.2 ± 0.07 5–332
Sphoeroides parvus Demersal 10,802 7 70.4 ± 0.22 6–150
Squilla empusa Demersal 7319 5 88.8 ± 0.26 8–216
Stellifer lanceolatus Demersal 7162 3 87.1 ± 0.42 17–195
Tozeuma carolinense Demersal 7071 1 35.3 ± 0.14 4–74
Trichiurus lepturus Demersal 12,764 8 352.3 ± 0.95 24–982
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individuals caught, whereas opposite trends were observed 
among Pinfish, Pigfish, Silver Perch, pink shrimp, and Gulf 
grassflat crab. Freshwater and oligohaline species, such as 
Blue Catfish (Ictalurus furcatus), Threadfin Shad, Atlan-
tic rangia, and brown rangia (Rangia flexuosa), were more 
abundant in river-dominated bays of Sabine Lake and Gal-
veston and San Antonio Bays. The catches of most species 
were lower in the hypersaline Upper Laguna Madre. Grass 
shrimp (Palaemon spp.), arrow shrimp (Tozeuma carolin-
ense), and Black Drum (Pogonias cromis) were exceptions 
to this general trend and the largest catches of these three 
species occurred in the Upper Laguna Madre. The largest 
catches of Gulf grassflat crab occurred in the Lower and 
Upper Laguna Madre. Overall, the position of samples from 
each bay system on the RDA plot demonstrated that the sam-
pling method and effort provides sufficient data sensitivity 
to detect the expected biotic and hydrological differences 
between the nine major bays on the Texas coast.

Twelve species (seven macro-invertebrates and five 
fishes) exhibited significant negative trends in annual 
CPUE from 1986 to 2023, whereas the CPUE of 14 spe-
cies (three macro-invertebrates and 11 fishes) increased dur-
ing the same timeframe (Fig. 4). Based on the slope of the 

regression (m), the sharpest declines in annual CPUE were 
observed among blue crab, Atlantic rangia, and lesser blue 
crab, whereas Gafftopsail Catfish (Bagre marinus) and Bay 
Anchovy exhibited the largest increases in annual CPUE. 
The ANOSIM indicated that significant differences existed 
in the faunal composition of the early and late periods 
(R = 0.718, P < 0.001). The SIMPER results showed that 24 
of the 40 species included in the analysis were responsible 
for 75% of the differentiation between the two time peri-
ods. Taxa providing the largest individual contributions to 
differentiation between the early and late periods, included 
Atlantic rangia (Rangia cuneata, 5.6%), blue crab (5.2%), 
Gafftopsail Catfish (5.2%), lesser blue crab (4.6%), and 
Atlantic bumper (3.8%).

The PCA biplot showed a clear distinction between the 
early and late periods (Fig. 5), which corroborated results 
from ANOSIM and SIMPER. Principal components (PC) 1 
and 2 accounted for 43% of the variance. Years 1986–2001 
had negative loadings on PC1 and the remaining 22 years 
had positive loadings on PC1 (Table S2). Twelve taxa 
with negative loadings on PC1 also exhibited significant 
declines in annual CPUE. Thirteen species that had load-
ings of ≥|0.2| on PC1 were responsible for most of the 

Fig. 3   Ordination of results from RDA of organismal sample fre-
quency data from fishery-independent trawling in Texas inshore 
waters from 1986 to 2023 illustrating the sensitivity of sampling pro-
tocol used in TPWD in its resource monitoring program. RDA is an 
ordination technique in which ordination is constrained by additional 
variables, in this case water quality variables collected alongside 

each trawl deployment used in this study. Green vector arrows rep-
resent environmental predictors and are labeled with the name of the 
corresponding explanatory variable. Species are indicated by black 
dots. To enhance clarity, only the species with the largest axis scores 
(≥ 0.25) are labeled
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differentiation between early and late period. The species 
with the largest positive loading on PC1 was Gafftospail 
Catfish (0.393) and the species with the largest negative 
loading on PC1 belonged to Atlantic rangia (− 0.343).

Atlantic rangia, blue crab, and lesser blue crab, the three 
species exhibiting the sharpest drop in annual CPUE, decline 
by about 2% per year. The declines of Callinectes crabs 
began in the 1980s (Fig. 6). A similar pattern of decline was 

Table 3   Total catch (number of individuals) of the top 40 species captured by TPWD fishery-independent trawls from each bay and coastwide 
between 1986–2023

Codes for bays are as follows: SL, Sabine Lake; GB, Galveston Bay; EMB, East Matagorda Bay; WMB, West Matagorda Bay; SAB, San Antonio 
Bay; AB, Aransas Bay; CCB, Corpus Christi Bay; ULM, Upper Laguna Madre; and LLM, Lower Laguna Madre

Species SL GB EMB WMB SAB AB CCB ULM LLM

Anchoa mitchilli 26,737 23,900 11,104 41,457 35,543 55,969 78,910 21,899 11,813
Ariopsis felis 5328 8182 5976 14,732 16,367 20,485 32,735 2568 5006
Bagre marinus 1546 5823 3832 15,720 28,140 20,772 6799 590 166
Bairdiella chrysoura 697 4250 7754 7706 25,578 48,503 23,726 6923 19,984
Brevoortia patronus 11,992 40,029 6152 26,059 45,607 27,618 12,730 1966 578
Callinectes sapidus 6835 14,905 8459 11,456 38,825 27,674 7346 6718 10,295
Callinectes similis 59 2263 490 5469 5615 10,453 20,244 695 2721
Chaetodipterus faber 1122 1537 798 1330 538 615 1149 36 232
Chloroscombrus chrysurus 846 9345 204 26,546 2257 2155 13,285 6 303
Citharichthys spilopterus 590 1023 429 1588 1898 1350 927 115 201
Cynoscion arenarius 7403 13,699 4948 9419 2575 6927 10,947 99 1059
Cynoscion nothus 105 453 13 5833 881 138 1282 6 140
Dorosoma petenense 1286 5775 134 2027 385 2078 531 6 4
Dyspanopeus texanus 29 7 0 2 1 1843 1656 15,149 17,244
Ictalurus furcatus 1967 5617 1 925 10,738 53 383 0 0
Lagodon rhomboides 6164 6701 3342 23,559 72,963 141,409 433,197 46,780 89,525
Leiostomus xanthurus 28,778 43,229 7707 116,141 110,446 238,566 238,013 18,036 14,007
Lolliguncula brevis 431 13,116 3618 53,395 17,825 27,674 62,524 2122 3960
Luidia clathrata 0 0 0 5327 12 79 2141 4 9055
Micropogonias undulatus 68,553 189,348 30,885 166,827 159,096 169,621 124,496 10,697 20,156
Mugil cephalus 3876 5779 2028 804 3393 6912 3808 1303 274
Opsanus beta 9 90 44 47 141 545 124 1598 4930
Orthopristis chrysoptera 6 160 22 769 2032 2942 7244 602 8048
Pagurus pollicaris 0 333 170 1877 255 880 4415 51 331
Palaemon spp. 131 172 216 163 7608 2287 71 18,045 4828
Penaeus aztecus 16,618 39,036 20,849 51,301 159,906 118,224 51,828 15,437 11,157
Penaeus duorarum 0 224 523 2120 6594 11,116 14,865 2935 5001
Penaeus setiferus 41,942 101,792 40,600 39,604 56,735 52,643 17,524 6553 2336
Peprilus burti 107 2718 60 8,806 1270 3650 5299 11 117
Pogonias cromis 2620 668 2249 97 1197 521 449 6262 110
Polydactylus octonemus 32 238 103 2744 863 1770 2813 88 327
Rangia cuneata 37,377 16,108 7 30 5806 6 6 1 0
Rangia flexuosa 29 10,890 1 24 2061 126 0 0 0
Selene setapinnis 230 1236 60 4484 121 306 3563 0 215
Solenosteira cancellaria 0 4 62 173 19 147 8752 6 100
Sphoeroides parvus 159 1622 260 2695 1666 2402 1109 478 411
Squilla empusa 46 511 389 2019 553 1362 2114 59 266
Stellifer lanceolatus 1828 1443 947 2038 81 88 585 4 148
Tozeuma carolinense 0 0 2 19 319 11 5 3395 3320
Trichiurus lepturus 372 1819 545 3225 268 1760 4324 75 376
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also observed in the mantis shrimp (Squilla empusa). The 
coastwide annual CPUE of Atlantic rangia varied widely 
between 1986 and 2005, but sharp decline in abundance 
began 2006 with only modest recovery since 2015. Species 
showing positive temporal trends in abundance were gen-
erally characterized by gradual increases in annual CPUE. 
Gafftopsail Catfish (Bagre marinus) and Bay Anchovy were 
notable exceptions to this trend and both species increased 
sharply after 2015. The annual CPUE of Gafftopsail Catfish 
increased about 3% per year and the annual CPUE of Bay 
Anchovy by about 2% year, whereas most species exhibiting 
positive CPUE trends increased by 1% per year. Changes 
in the annual CPUE of commercially important species of 
penaeid shrimps (Penaeus aztecus, P. duorarum, and P. set-
iferus) were relatively modest compared with sharp declines 
in blue crab and mantis shrimp.

Significant temporal trends in length were observed in 20 
species. Nine species exhibited decreases in mean length, 
of which five were macro-invertebrates and four were 
fishes (Table 4). Of the 11 species that exhibited increase 
in length, only two were macro-invertebrates: gray sea star 
(Luidia clathrata) and white shrimp. Cancellate cantharus 

(Solenosteira cancellaria), Silver Perch (Bairdiella chry-
soura), and Atlantic Cutlassfish (Trichiurus lepturus) 
underwent reductions in mean length while simultaneously 
increasing in annual CPUE.

Total annual CPUE (F1,36 = 27.0, R2 = 0.43, P < 0.001), 
mean community length (F1,36 = 12.1, R2 = 0.25, P < 0.001), 
and pelagic-demersal ratio (F1,36 = 31.4, R2 = 0.47, P < 0.001) 
increased from 1986 to 2023, whereas the macro-inverte-
brate-fish ratio (F1,36 = 43.8, R2 = 0.55, P < 0.001), Shan-
non diversity index (F1,36 = 22.8, R2 = 0.39, P < 0.001), and 
taxonomic distinctness (F1,36 = 47.0, R2 = 0.57, P < 0.001) 
decreased over the same period (Fig. 7). The number of 
commercial bait licenses issued by TPWD declined from 
a high of 3402 in 1987 to 328 in 2021. Total metric tons 
of oysters harvested commercial varied considerably across 
the time series but exhibited no discernible pattern (Fig. 8). 
The indices of the two climatic oscillations exhibited oppos-
ing trends. The AMO index increased, whereas the index of 
PDO underwent an overall decline. All community metrics 
and PC1 were significantly correlated with the AMO index 
(R2 ≥ 0.15, P ≤ 0.015 in each case) and the number of com-
mercial bait licenses issued per year (R2 ≥ 0.12, P ≤ 0.038; 

Fig. 4   Rates (m) of increase or 
decrease of 40 species based on 
regressing CPUE against year 
(A) and the results from SIM-
PER showing the mean CPUE 
of each species in early and late 
Periods (B). Error bars repre-
sent standard error from simple 
linear regression. Species names 
within gray boxes represent taxa 
with temporal trends that were 
not statistically significant. Blue 
and purple colors represent the 
mean CPUE of each species 
in the early and late periods, 
respectively
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Table 5). The community metrics (excluding the pelagic-
demersal ratio) and PC1 were also significantly correlated 
with the PDO index (R2 ≥ 0.13, P ≤ 0.027). Taxonomic dis-
tinctness (R2 ≥ 0.14, P ≤ 0.020) and mean community length 
(R2 ≥ 0.14, P ≤ 0.022) were the only dependent variables sig-
nificantly correlated with commercial oyster harvest.

Discussion

This study examined spatial patterns and temporal trends of 
trawl-associated fishes and macro-invertebrates captured in 
fishery-independent trawl sampling and assessed changes in 
community structure. Trawl-associated taxa were dominated 
by a subset of 40 species, of which Atlantic Croaker, Spot, 
and Pinfish were the most abundant. Spatial structuring of 
trawl-associated taxa was driven first by a north–south lati-
tudinal gradient of temperature and salinity, and secondarily 
by mean depth. Several species of fish increased in CPUE 
over the time series, whereas macro-invertebrates either 
remained stable or declined in CPUE. The overall species 
composition of our focal group was qualitatively similar in 
comparison to bycatch composition in Texas commercial 
shrimp trawls (Fuls et al., 2002). The most abundant spe-
cies in our dataset were also the most abundant species in 

fishery-independent trawl samples from other GoM estuar-
ies in Louisiana, Mississippi, Alabama, and Florida (Brown 
et al., 2013). A shift in community structure from 1986 
to 2023 was apparent from the results of cluster analysis 
and PCA, which showed clear division between earlier 
(1986–2001) and later years (2002–2023). The change in 
community structure was also reflected in opposing trends 
in community metrics (increasing total CPUE, mean com-
munity length, and pelagic-demersal ratio; and decreasing 
invertebrate-fish ratio, Shannon diversity index, and taxo-
nomic distinctness) as well as trends in the CPUE of specific 
taxa. Strong positive correlations between PC1 and commu-
nity metrics and predictor variables suggest that changes in 
species CPUE and community composition are associated 
with warming climate and declines in some commercial 
fisheries.

Differences in bay-specific raw catch data as well as 
divergent multivariate ordination patterns in the RDA 
demonstrated that the sampling method and effort of the 
TPWD Coastal Fisheries fishery-independent data collec-
tion program provides sufficient data sensitivity to detect 
the expected biotic and hydrological differences between 
the nine major bays on the Texas coast. The salinity and 
temperature gradient of the Texas coast observed in the plot 
of the RDA scores was mirrored by similar clinal gradients 

Fig. 5   Biplot of result of PCA demonstrating the relationships among 
years and the 40 most common taxa captured in fishery-independent 
trawls in Texas inshore waters. Year labels are blue (early period, 

1986–2001) and red (late period, 2002–2023). Green vector arrows 
represent individual species. To ensure clarity, only species with the 
principal component scores ≥|3| are labeled
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in the total catch of several focal species. Larger catches of 
Atlantic rangia, white shrimp, Gulf Menhaden, Sand Sea-
trout, and Atlantic Croaker occurred in the upper coast bays 
but were lower in southern bays. A reversal of this trend 
was observed among species more closely associated with 
Aransas and Corpus Christi Bays and the Upper and Lower 
Laguna such as Silver Perch, Pigfish, pink shrimp, Pinfish, 
and Gulf grassflat crab. Past research has documented how 
salinity and temperature influence the CPUE and distribu-
tion of fishes and macro-invertebrates in Texas bays (i.e., 
Armstrong, 1987; Froeschke et al., 2010; McFarlane et al., 
2015; Olsen, 2019). The effect of depth on the spatial distri-
bution and abundance of fishes and macro-invertebrates in 
Texas estuaries is not as well-documented; however, a recent 

comparison of the abundance of 57 species among estua-
rine systems across the GoM found that depth was far less 
important than salinity and temperature (Miller et al., 2018).

Based on the seemingly high sensitivity to spatial differ-
ences, it could be further inferred that these data are simi-
larly sensitive to temporal change which was the major focus 
of this study. The community structure of fishes and macro-
invertebrates in Texas estuaries shifted substantially between 
the early (1986–2001) and late (2002–2023) periods. Positive 
trends of total CPUE, mean community length, and pelagic-
demersal ratio were largely driven by increased abundance 
and length among fishes. Conversely, the negative trends of 
the Shannon diversity index and taxonomic distinctness were 
tied to decreased CPUE of macro-invertebrates but further 

Fig. 6   Annual trends in abundance based on catch-per-unit effort 
for selected species, including the three most abundant fishes, the 
two most commercially important penaeid shrimps in the Gulf of 
Mexico, and those taxa that contributed the most to the ordination 

of the SIMPER analysis (individual contribution of ≥ 4% to differen-
tiation between the 1986–2001 and 2002–2023) or that had loadings 
of ≥|0.3| on principal component 1 or 2 of the PCA
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amplified by the declines of several demersal fishes. Declin-
ing Shannon diversity observed in this study contrasts with 
that of Fujiwara et al. (2019) who observed an increase in 
the diversity of fish and macro-invertebrates. One possible 
explanation for this difference is that Fujiwara et al. (2019) 
and the present study examined different biotic communi-
ties. Fujiwara et al. (2019) was based on data derived from 

bag seines, which is representative of organisms associated 
with shallow shoreline environments (small-bodied taxa and 
juveniles of larger species), whereas trawl data used in this 
study represents information on species typical of deeper 
water (usually larger-bodied organisms, and later life stages 
of small-bodied taxa). Shoreline and deep-water commu-
nities may respond differently to climatic fluctuations and 

Table 4   Results of regressing 
mean TL (mm) against time 
(years)

Provided are the number of individuals measured (N); the slope (m), R2, and P-value of the regression; and 
the trend (increasing or decreasing) for species exhibiting significant (P < 0.05) temporal trends in length 
(n = 18)

Species N R2 Slope (m) P-value Trend

Anchoa mitchilli 170,254 0.006  − 0.021 0.637
Ariopsis felis 92,504 0.420 1.010  < 0.001 Increasing
Bagre marinus 53,948 0.090 0.224 0.073
Bairdiella chrysoura 101,760 0.130  − 0.191 0.029 Decreasing
Brevoortia patronus 94,472 0.080 0.241 0.085
Callinectes sapidus 109,797 0.002  − 0.035 0.814
Callinectes similis 32,999 0.690  − 0.525  < 0.001 Decreasing
Chaetodipterus faber 6990 0.400 0.672  < 0.001 Increasing
Chloroscombrus chrysurus 19,571 0.350 0.506  < 0.001 Increasing
Citharichthys spilopterus 7992 0.110  − 0.109 0.046 Decreasing
Cynoscion arenarius 49,661 0.030 0.135 0.322
Cynoscion nothus 6906 0.090  − 0.372 0.061
Dorosoma petenense 10,738 0.220 0.278 0.003 Increasing
Dyspanopeus texanus 16,906 0.030  − 0.017 0.269
Ictalurus furcatus 9658 0.009 0.421 0.562
Lagodon rhomboides 271,280 0.003  − 0.017 0.762
Leiostomus xanthurus 308,696 0.220 0.354 0.003 Increasing
Lolliguncula brevis 145,626 0.060  − 0.055 0.135
Luidia clathrata 8386 0.110 0.472 0.043 Increasing
Micropogonias undulatus 382,185 0.010 0.049 0.591
Mugil cephalus 20,225 0.002  − 0.056 0.803
Opsanus beta 6720 0.060  − 0.413 0.151
Orthopristis chrysoptera 17,426 0.020  − 0.114 0.384
Palaemon spp. 211,692 0.020  − 0.010 0.393
Penaeus aztecus 256,811 0.380  − 0.229  < 0.001 Decreasing
Penaeus duorarum 37,134 0.040 0.097 0.206
Penaeus setiferus 234,108 0.290 0.229  < 0.001 Increasing
Peprilus burti 18,996 0.190 0.294 0.006 Increasing
Pogonias cromis 11,773 0.180 1.642 0.008 Increasing
Polydactylus octonemus 8211  < 0.001 0.023 0.961
Rangia cuneata 14,269 0.270  − 0.262 0.001 Decreasing
Rangia flexuosa 2351 0.190  − 0.453 0.006 Decreasing
Selene setapinnis 8891 0.230 0.328 0.002 Increasing
Solenosteira cancellaria 221,057 0.120  − 0.046 0.031 Decreasing
Sphoeroides parvus 9935 0.040  − 0.153 0.221
Squilla empusa 6979 0.100 0.182 0.051
Stellifer lanceolatus 5072 0.030 0.244 0.267
Tozeuma carolinense 2481 0.030 0.096 0.293
Trichiurus lepturus 11,895 0.270  − 1.169 0.001 Decreasing
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anthropogenic impacts. Limiting our study to 40 species may 
have also biased our results. Preliminary analysis using the 
entire dataset, however, also yielded a declining Shannon 
diversity index and an increase in total CPUE; therefore, 
it is unlikely that including the entire dataset would have 
fundamentally changed this result.

Changing composition of biotic communities is often 
influenced more by the reordering of species abundances 
rather than absolute loss of species (Jones et al., 2017), 
which in turn results in homogenization of communities and 
overall loss in species diversity at regional scales (Engel 
et al., 2020). Our results suggest that much of the community 
reorganization is due to increased prevalence and abundance 
of primarily low-trophic (Striped Mullet, Gulf Menhaden, 
and Bay Anchovy) and mid-trophic level (sciaenids, Pin-
fish, and Gafftopsail Catfish) fishes and declines of several 
macro-invertebrates. The shift in community structure and 
changes in CPUE observed in this study parallels changes in 
estuarine shoreline fishes and macro-invertebrates that have 

taken place in the last 40 years in Texas (Fujiwara et al., 
2019, 2022; Pawluk et al., 2022). Long-term (1985–2015) 
TPWD fishery-independent bag seine data indicated that 
species close to the southern extent of their geographic 
distributions underwent declines in prevalence and range 
contractions (Fujiwara et al., 2019). Analysis of TPWD 
fishery-independent gill net data collected since the 1980s 
has corroborated this finding and have documented declines 
in species more closely associated with colder water, such as 
Southern Flounder (Paralichthys lethostigma) and increased 
dominance of the estuarine fish community by warmwater 
species such as snooks (Centropomus spp.), ladyfishes 
(Elops spp.), gray snapper (Lutjanus griseus), Gafftopsail 
Catfish, and various elasmobranchs (Ceron et al., 2023; 
Pawluk et al., 2022; Plumlee et al., 2018). Gafftopsail Cat-
fish exhibited the greatest increase in CPUE among the 40 
species examined in our study. Increased CPUE of Gafftop-
sail Catfish has been observed in previous studies based on 
different sampling gears (Cates et al., 2024; Ceron et al., 

Fig. 7   Trends in community 
metrics calculated for the 
Texas coast: A total CPUE, 
B mean community length, 
C invertebrate-fish ratio, D 
pelagic-demersal ratio, E 
Shannon diversity index, and F 
taxonomic distinctness



Estuaries and Coasts           (2025) 48:85 	 Page 15 of 21     85 

2023; Pawluk et al., 2022). The increase of warmwater and 
tropical species of fishes in Texas estuaries has been attrib-
uted to a warmer climate and milder winters (Ceron et al., 
2023; Fujiwara et al., 2019; Pawluk et al., 2022). Milder 
winters in Texas estuaries and the open GoM may enhance 
survival of larvae and juveniles of tropical and warmwater 
taxa and simultaneously cause stress for others that are at 

or nearing their upper limit of thermal tolerance, or that 
otherwise require cold temperatures during parts of their 
life history (Anderson et al., 2023a; Erickson et al., 2021).

Occupancy modeling in a previous study predicted 
increased prevalence of blue crab and decreased prevalence 
of Bay Anchovy (Fujiwara et al., 2019). Although occu-
pancy and prevalence are not directly comparable to abun-
dance, these concepts are related in that increasing abun-
dance usually leads to increased prevalence. The results of 
Fujiwara et al. (2019) regarding blue crab and bay anchovy 
conflict with our findings, which showed blue crabs under-
went the greatest decrease in CPUE and Bay Anchovy 

Fig. 8   Trends in predictor variables (1986–2023), including number 
of commercial bait trawl licenses issued for Texas coastal waters, 
commercial oyster harvest, and indices of the Atlantic Multidecadal 
and Pacific Decadal Oscillations

Table 5   Results of regressing PC1 and community metrics against 
predictor variables, including the Atlantic Multidecadal Oscillation 
(AMO) index, Pacific Decadal Oscillation (PDO) index, the number 
of bait licenses issued each year by TPWD for Texas coastal waters, 
and the annual harvest in metric tons of oysters in Texas coastal 
waters

Dependent variable R2 P-value Trend

AMO
  PC1 0.60  < 0.001 Positive
  Total CPUE 0.32  < 0.001 Positive
  Shannon diversity index 0.30  < 0.001 Negative
  Taxonomic distinctness 0.36  < 0.001 Negative
  Community mean size 0.15 0.015 Positive
  Invertebrate-fish ratio 0.47  < 0.001 Negative
  Pelagic-demersal ratio 0.31  < 0.001 Positive

PDO
  PC1 0.22 0.003 Negative
  Total CPUE 0.13 0.025 Negative
  Shannon diversity index 0.20 0.005 Positive
  Taxonomic distinctness 0.13 0.027 Positive
  Community mean size 0.14 0.022 Negative
  Invertebrate-fish ratio 0.18 0.008 Positive
  Pelagic-demersal ratio 0.02 0.409 Negative

Bait licenses
  PC1 0.79  < 0.001 Negative
  Total CPUE 0.12 0.038 Negative
  Shannon diversity index 0.29 0.001 Positive
  Taxonomic distinctness 0.50 0.001 Positive
  Community mean size 0.44  < 0.001 Negative
  Invertebrate-fish ratio 0.47  < 0.001 Positive
  Pelagic-demersal ratio 0.27 0.001 Negative

Oyster harvest
  PC1 0.04 0.264 Positive
  Total CPUE 0.09 0.574 Negative
  Shannon diversity index 0.02 0.403 Negative
  Taxonomic distinctness 0.14 0.020 Negative
  Community mean size 0.14 0.022 Positive
  Invertebrate-fish ratio 0.08 0.091 Negative
  Pelagic-demersal ratio 0.01 0.555 Negative
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exhibited the second greatest increase in abundance. The 
decline of blue crabs in the western Gulf of Mexico has 
been previously documented (Perry & VanderKooy, 2015; 
Perry et al., 2022) and CPUE of blue crabs in TPWD bag 
seines has decreased from 1982 to 2024 (data available from 
authors upon request). The discrepancy between Fujiwara 
et al. (2019) and this study regarding trends in blue crabs 
may have resulted from the type of data and parameters 
used in occupancy modeling versus observations of empiri-
cal data (CPUE) used in this study. One possible explana-
tion for the discrepancies regarding bay anchovy may be 
differing trends in abundance of this species in bag seines 
(used by Fujiwara et al., 2019) versus trawls (this study). 
The CPUE of bay anchovies in TPWD bag seines exhibits 
as slight decline, which may be due to increased growth of 
juveniles and subsequent rapid shift to deeper waters rather 
than an overall decline in abundance. A faster growth rate 
was invoked as the most likely explanation for the decline 
of spot in bag seine collections from Texas estuaries despite 
increased abundance of this species in trawls and gill nets 
(Williford & Anderson, 2025).

Shifts in community composition and abundance of cer-
tain species have taken place during a period of declining 
shrimping effort, increased oyster harvest, and changes in 
climate. Of the four predictor variables considered, commer-
cial bay shrimping effort (represented by the number of bait 
licenses) and AMO appear to be the main drivers shaping 
the community structure of fishes and macro-invertebrates 
in Texas estuaries. Commercial shrimp trawling has effects 
on bycatch species through direct mortality (Diamond 
et al., 1999; Fuls et al., 2002) and indirectly through habitat 
alteration and degradation (Auster & Langton, 1999; Smith 
et al., 2000; Thrush & Dayton, 2002). Additionally, bottom 
trawl fisheries (such as the inshore trawl fishery in Texas) 
can have indirect negative effects on body size and condi-
tion of demersal predators by decreasing the availability of 
benthic prey (Diamond et al., 1999; Hiddink et al., 2011; 
Wells et al., 2008). Reductions in commercial shrimp trawl-
ing effort may have had a disproportionate positive impact 
on mesopredators in relation to the targeted shrimp species. 
Shrimp and other crustaceans represent major prey item for 
Pinfish (Stoner, 1980), Atlantic croaker (Akin & Winemiller, 
2012; Willis et al., 2015), spot (Akin & Winemiller, 2012), 
sand seatrout (Barnes, 2014), and marine catfishes (Osowski 
et al., 2023; Rudershausen & Locascio, 2001). Declines in 
shrimping effort may have reduced a constraint on the popu-
lation growth of Atlantic Croaker and other mesopredators 
leading to increased predation on shrimp and other crusta-
ceans, resulting in population declines or lack of population 
growth in various species of shrimp and crabs. Reduced 
bycatch mortality and increased prey availability may have 
also had a favorable impact on growth. This hypothesis, 
however, does not explain the decline in CPUE of Bay 

Whiff, Pigfish, Atlantic Threadfin (Polydactylus octonemus), 
and Least Puffer, which have also been documented as com-
mon in shrimp trawl bycatch (Fuls et al., 2002). Although 
some common bycatch organisms may have enjoyed a ben-
efit from reduced shrimping effort over our time series, oth-
ers did not, and this contrast could potentially be related to 
the interplay between fishing impacts (in this case, declining 
fishing effort) versus climate.

The shift of the AMO to its current warm phase seems to 
have driven as much of the biotic changes in Texas estuaries 
as the decline of shrimping has over the past 38 years. The 
warm phase of the AMO is linked to higher sea surface tem-
peratures in the North Atlantic (Allard et al., 2016; Drink-
water et al., 2014; Knudsen et al., 2011) and warmer land 
temperatures and reduced precipitation over much of North 
America (Endfield et al., 2001; Feng et al., 2010; O’Reilly 
et al., 2017). Summer and winter temperatures in Texas estu-
aries have increased since the early 1990s (Anderson et al., 
2023a; Bugica et al., 2020; Tolan & Fisher, 2008). Previ-
ous studies have concluded that warmer temperatures have 
played a major role in restructuring biotic communities in 
estuaries (Sobocinski et al., 2013; Munk et al., 2014; Fuji-
wara et al., 2019; Kimball et al., 2020; Pawluk et al., 2022). 
Warming climate is a major factor contributing to the 
increased abundance of tropical and subtropical taxa such 
as Gray Snapper (Lutjanus griseus, Tolan & Fisher, 2008; 
Anderson et al., 2022), snooks (Centropomus spp., Ander-
son et al., 2020; Getz et al., 2021), and ladyfishes (Elops 
spp., Williford et al., 2022) in the Gulf of Mexico. Milder 
winters in estuaries and the GoM and Western Atlantic may 
enhance survival of larvae and juveniles of some taxa and 
simultaneously cause stress for others that are at or near-
ing their upper limit of thermal tolerance, or that otherwise 
require cold temperatures during parts of their life history 
(Anderson et al., 2023a; Fujiwara et al., 2022; Plumlee et al., 
2024; Sluis et al., 2025).

The overall weak correlation of PC1 and community 
metrics with commercial oyster harvest was somewhat sur-
prising given the importance of oyster reefs as important 
habitat for adult and juvenile nekton (Balboa et al., 2024; 
Coen et al., 1999; Stunz et al., 2010). This is likely due to 
the fact than none of the taxa, except for the Gulf Toad-
fish (Bass & Guillory, 1979), are regular residents of oyster 
reefs, and, in fact, they use a wide range of other habitats. 
The use of oyster reefs by Gulf Toadfish is mostly restricted 
to the spawning season (Barimo et al., 2007). Much like 
the common practice in the commercial industry, TPWD 
fishery-independent trawls generally avoid operating over 
oyster reefs, such that the species expected to be associated 
with those habitats are not well represented. Similarly, PDO 
appears to have minimal influence on community structure 
in Texas’ estuaries, which may be due to the shorter dura-
tion of PDO warm and cool phases compared to the AMO. 
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It is possible that any signal that could be expected from 
the short-term impacts of PDO have been swamped by the 
longer-term community reorganization observed here and 
driven by gradual declines in inshore commercial trawling 
and the AMO.

Regarding this last point, the shift of the AMO to a 
warm phase and the reduction of shrimping effort has 
occurred during a time that has coincided with increased 
industrialization and urbanization, and human population 
growth in coastal Texas. Industrialization and urbanization 
in coastal areas often lead to increased eutrophication of 
estuaries, which in turn can alter the structure of estuarine 
biotic communities (Yashuara et al., 2007; Gilbert, 2010; 
Shan et al., 2013; Freeman et al., 2019). Although nutri-
ent loading has undoubtedly increased in Texas estuaries, 
only Baffin Bay (a secondary arm of the Upper Laguna 
Madre), Oso Bay (a secondary extension of Corpus Christi 
Bay), and heavily urbanized Galveston Bay are considered 
eutrophic (Bugica et al., 2020). Eutrophic systems are often 
dominated by detritovorous and omnivorous species, with 
large carnivorous species becoming rare (de Carvalho et al., 
2020). Increased abundance of striped mullet, a detritivore 
(Crosetti & Blaber, 2015), and omnivorous species such as 
Atlantic Croaker (Nye et al., 2011) and Pinfish (Montgom-
ery & Targett, 1992) could be interpreted as evidence of 
increased eutrophication. However, the continued presence 
and increased abundance of large predatory fish such as Bull 
Shark (Carcharhinus leucas, Froeschke et al., 2012), Alliga-
tor Gar (Atractosteus spatula, Daugherty et al., 2017), and 
Red Drum (Sciaenops ocellatus, Anderson et al., 2023b) 
in Texas estuaries suggest that eutrophication may play a 
smaller role in the restructuring of fish communities than 
either climate or commercial fishing. Unfortunately, long-
term data (≥ 30 years) that could be used to assess levels 
of eutrophication in Texas estuaries and its effect on the 
community structure of fish and macro-invertebrates is lack-
ing. Other factors that have likely contributed to reshaping 
the community structure of fishes and macro-invertebrates 
in Texas estuaries include changes in the extent and com-
position of seagrass, salt marsh, and mangroves, which 
provide important foraging and nursery habitat for fish 
and macro-invertebrates (Bloomfield & Gillanders, 2005; 
Scheffel et al., 2018; Armitage et al., 2021; zu Ermgassen 
et al., 2021), and the impact of increased salinity caused by 
reduced freshwater inflow from rivers due to droughts and 
human activities (Getz & Eckert, 2023; Kim & Montagna, 
2009; Pollack et al., 2009; Sklar & Browder, 1998). Unfor-
tunately, the long-term data records needed to incorporate 
those factors into our analysis are lacking.

Ongoing climatic change due to both natural and anthro-
pogenic factors may limit the effectiveness of management 
strategies to preserve or enhance populations of declin-
ing species. Enhancing and protecting fine-scale habitat 

heterogeneity of estuaries may buffer the effects of contin-
ued warming. For instance, environmental heterogeneity 
can promote phenotypic plasticity and reduce the risk of 
short-term extirpation for some species (e.g., de Souza et al., 
2023). Habitat loss or conversion from climate, industrial 
development, or other factors over the time period examined 
here suggests a trend towards more homogenous estuarine 
habitats, which will ultimately impact community and spe-
cies-specific resilience and in some cases lead to threat of 
ecosystem collapse (Mahoney & Bishop, 2017; Thrush et al., 
2008). Climate change specifically is expected to have a net-
negative impact on habitat vulnerability (Farr et al., 2021), 
and probably the most notable implication from the current 
study is that climate now seems to have an impact similar 
in magnitude to fishing in restructuring biotic communities 
in estuaries of the northern GoM. Fishing has historically 
been considered one of the main drivers of change either 
at the community or species-specific scales, but persistent 
climate change is at least as important as a consideration for 
management, and changing climate should be elevated in 
estuarine conservation efforts as a primary threat to com-
munity resilience.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s12237-​025-​01523-2.

Acknowledgements  We would like to thank the many TPWD techni-
cians who performed the field work and collected the data that formed 
the basis of this study. TPWD Coastal Fisheries science director M. 
Fisher coordinated the internal review of this manuscript before sub-
mission. The quality of the manuscript was greatly improved by reviews 
of earlier versions by three internal and several external anonymous 
reviewers. The earlier version is available as a preprint (https://​doi.​
org/​10.​21203/​rs.3.​rs-​47523​35/​v1) from Research Square. This research 
was partly funded via a grant from the Sportfish Restoration program 
administered through the United States Fish and Wildlife Service.

Author Contribution  Each of the authors contributed equally to this 
work. Both authors read and approved the current version of the 
manuscript.

Data Availability  Data is available from the authors upon request.

Declarations 

Ethical Approval  Collection of and handling protocols for fish and 
invertebrates were in accordance with ethical guidelines stipulated by 
a Federal Sport Fish Restoration grant agreement, Texas Parks and 
Wildlife Department TX F-281-M, as well as a federal permit for the 
handling of endangered and threatened species issued by the Depart-
ment of the Interior, permit number TE814933-0.

Competing Interests  The authors declare no competing interests.

References

Akin, S., & Winemiller, K. O. (2012). Habitat use and diets of 
juvenile Spot (Leiostomus xanthurus) and Atlantic Croaker 

https://doi.org/10.1007/s12237-025-01523-2
https://doi.org/10.21203/rs.3.rs-4752335/v1
https://doi.org/10.21203/rs.3.rs-4752335/v1


	 Estuaries and Coasts           (2025) 48:85    85   Page 18 of 21

(Micropogonias undulatus) in a small estuary at Mad Island 
Marsh, Texas. Texas Journal of Science, 64, 3–31.

Allard, J., Clarke, J. V., III., & Keim, B. D. (2016). Spatial and tem-
poral patterns of in situ sea surface temperatures within in the 
Gulf of Mexico from 1901–2010. American Journal of Climate 
Change, 5, 314–343. https://​doi.​org/​10.​4236/​ajcc.​2016.​53025

Anderson, J., Fisher, M., Weixelman, R., & Beeken, N. (2023b). Rapid 
changes in age structure, mortality, and escapement accompanied 
stock recovery of the estuarine Red Drum population of Texas. 
Marine and Coastal Fisheries, 15, e10247. https://​doi.​org/​10.​
1002/​mcf2.​10247

Anderson, J., McDonald, D., Getz, E., Weixelman,  R., Grubbs,  F., 
& Ferguson, J. (2022). Distribution, maturity, age and growth 
of Gray Snapper (Lutjanus griseus) in the northwestern Gulf of 
Mexico. Gulf and Caribbean Research, 33, 14–27. https://​doi.​
org/​10.​18785/​gcr.​3301.​02

Anderson, J., Stefffen, C., & Fisher, M. (2023a). Long-term climate 
impacts on the phenology of southern flounder spawning migra-
tions. Estuaries and Coasts, 47, 743–754. https://​doi.​org/​10.​
1007/​s12237-​023-​01317-4

Anderson, J., Williford, D., González, A., Chapa, C., Martinez-
Andrade, F., & Overath, R. D. (2020). Demographic, taxonomic, 
and genetic characterization of the snook species complex (Cen-
tropomus spp.) along the leading edge of its range in the north-
western Gulf of Mexico. North American Journal of Fisheries 
Management, 40, 190–208. https://​doi.​org/​10.​1002/​nafm.​10394

Armitage, A. R., Weaver, C. A., Whitt, A. A., & Pennings, S. C. (2021). 
Effects of mangrove encroachment on tidal wetland plant, nek-
ton, and bird communities in the western Gulf of Mexico. Estuar-
ies, Coastal and Shelf Science, 248, 106767. https://​doi.​org/​10.​
1016/j.​ecss.​2020.​106767

Armstrong, N. E. (1987). The ecology of open-bay bottoms of Texas: A 
community profile. USFWS Biological Report 85(7.12). United 
States Fish and Wildlife Service.

Auster, P. J., & Langton, R. W. (1999). The effects of fishing on fish 
habitat. American Fisheries Society Symposium, 22, 150–187.

Balboa, W., McDonald, D., Olsen, Z., Williford, D., Harper, J. & 
Anderson, J. (2024). Oyster reefs as habitat for aquatic macro-
fauna in a Gulf of Mexico estuary: Biotic complexity at spatial, 
ecological, and demographic scales. Marine Ecology Progress 
Series, 746, 49–66. https://​doi.​org/​10.​3354/​meps1​4686

Barimo, J. F., Serafy, J. E., Frezza, P. E., & Walsh, P. J. (2007). Habitat 
use, urea production and spawning in Gulf Toadfish, Opsanus 
beta. Marine Biology, 150, 497–508. https://​doi.​org/​10.​1007/​
s00227-​006-​0356-7

Barnes, B. T. (2014). Seasonal difference in diet of two predatory fishes 
in relation to reef type in the inshore northern Gulf of Mexico. 
Master thesis, University of Southern Mississippi.

Bass, G., & Guillory, V. (1979). Community structure and abundance 
of fishes inhabiting oceanic oyster reefs and spoil islands in 
the northeastern Gulf of Mexico. Gulf of Mexico Science, 3, 
116–121.

Bloomfield, A. L., & Gillanders, B. M. (2005). Fish and invertebrate 
assemblages in seagrass, mangrove, saltmarsh, and nonvegetated 
habitats. Estuaries, 28, 63–77. https://​doi.​org/​10.​1007/​BF027​
32754

Bray, J. R., & Curtis, J. T. (1957). An ordination of the upland forest 
communities of southern Wisconsin. Ecological Monographs, 
27, 32–349. https://​doi.​org/​10.​2307/​19422​68

Brown, H., Minello, T. J., Matthews, G. A., Fisher, M., Anderson, 
E. J., Reidel, R. & Leffler, D. L. (2013). Nekton from fishery-
independent trawl samples in estuaries of the U.S. Gulf of 
Mexico: A comparative assessment of Gulf estuarine systems 
(CAGES). NOAA Technical Memorandum NMFS-SEFSC-647. 
United States Department of Commerce, National Oceanic and 
Atmospheric Administration, National Marine Fisheries Service.

Bugica, K., Sterba-Boatwright, B., & Wetz, M. S. (2020). Water 
quality trends in Texas estuaries. Marine Pollution Bulletin, 
152, 110903. https://​doi.​org/​10.​1016/j.​marpo​lbul.​2020.​110903

Cates, L., Hale, S., & Olsen, Z. (2024). Gafftopsail Catfish in Texas 
estuaries: Population trends and ecosystem implications. North 
American Journal of Fisheries Management, 44, 145–161. 
https://​doi.​org/​10.​1002/​nafm.​10967

Ceron, M. T., Fujiwara, M., & Martinez-Andrade, F. (2023). Changes 
in species compositions of fish in the bays of northwestern 
Gulf of Mexico. Frontiers in Marine Science, 10, 1274771. 
https://​doi.​org/​10.​3389/​fmars.​2023.​12747​71

Cifuentes, L. A., & Kaldy, J. E. (2006). Study of East Matagorda Bay 
productivity. Final report (2001483447) submitted to Texas 
Water Development Board. https://​www.​twdb.​texas.​gov/​publi​
catio​ns/​repor​ts/​contr​acted_​repor​ts. Accessed 4 Mar 2024.

Clark, C., Nnaji, G. A., & Huang, W. (2014). Effects of El-Niño and 
La-Niña sea surface temperature anomalies on annual precipi-
tations and stream flow discharges in the southeastern United 
States. Journal of Coastal Research, 68, 113–120. https://​doi.​
org/​10.​2112/​SI68-​015.1

Clarke, K. R. (1993). Non-parametric multivariate analysis of 
changes in community structure. Australian Journal of Ecol-
ogy, 18, 117–143. https://​doi.​org/​10.​1111/j.​1442-​9993.​1993.​
tb004​38.x

Clarke, K. R., & Warwick, R. M. (1998). A taxonomic distinctness 
index and its statistical properties. Journal of Applied Ecology, 
35, 523–531. https://​doi.​org/​10.​1046/j.​1365-​2664.​1998.​35405​
23.x

Coen, L. D., Luckenbach, M. W., & Breitburg, D. L. (1999). The role of 
oyster reefs as essential fish habitat: A review of current knowl-
edge and some new perspectives. American Fisheries Sympo-
sium, 22, 438–454.

Coffey, D. M., Stunz, G. W., & Montagna, P. A. (2025). Freshwater 
inflow and salinity shape nekton diversity in community struc-
ture within Texas estuaries. In P. A. Montagna, & A. R. Douglas 
(Eds.), Freshwater inflows to Texas Bayas and Estuaries (pp. 
336–361). Springer.

Collie, J. S., Wood, A. D., & Jeffries, H. P. (2008). Long-term shifts 
in the species composition of a coastal fish community. Cana-
dian Journal of Fisheries and Aquatic Science, 65, 1352–1365. 
https://​doi.​org/​10.​1139/​F08-​048

Crosetti, D., & Blaber, S. J. M. (Eds.). (2015). Biology, ecology and 
culture of grey mullets (Mugilidae). CRC Press.

Curtis, S. (2008). The Atlantic multidecadal oscillation and extreme 
daily precipitation over the US and Mexico during the hurricane 
season. Climate Dynamics, 30, 343–351. https://​doi.​org/​10.​1007/​
s00382-​007-​0295-0

Daugherty, D. J., Schlechte, W., & McDonald, D. L. (2017). Alligator 
Gar in Texas coastal bays: Long-term trends and environmental 
influences. Transactions of the American Fisheries Society, 147, 
653–664. https://​doi.​org/​10.​1002/​tafs.​10041

de Carvalho, D. R., Alves, C. B. M., Moreira, M. Z., & Pompeu, P. S. 
(2020). Trophic diversity and carbon resources supporting fish 
communities along a pollution gradient in a tropical river. Sci-
ence of the Total Environment, 738, 139878. https://​doi.​org/​10.​
1016/j.​scito​tenv.​2020.​139878

de Leiva Moreno, J. I., Agostini, V. N., Caddy, J. F., & Carocci, F. 
(2000). Is the pelagic-demersal ratio from fishery landings a use-
ful proxy for nutrient availability? A preliminary data explora-
tion for the semi-enclosed seas around Europe. ICES Journal of 
Marine Science, 57, 1091–1102. https://​doi.​org/​10.​1006/​jmsc.​
2000.​0705

de Souza, J. S., Vinagre, C., & dos Santos, L. N. (2023). Thermal plas-
ticity over a marine-estuarine ecocline can buffer a tropical fish 
from warming. Marine Environmental Research, 188, 105998. 
https://​doi.​org/​10.​1016/j.​maren​vres.​2023.​105998

https://doi.org/10.4236/ajcc.2016.53025
https://doi.org/10.1002/mcf2.10247
https://doi.org/10.1002/mcf2.10247
https://doi.org/10.18785/gcr.3301.02
https://doi.org/10.18785/gcr.3301.02
https://doi.org/10.1007/s12237-023-01317-4
https://doi.org/10.1007/s12237-023-01317-4
https://doi.org/10.1002/nafm.10394
https://doi.org/10.1016/j.ecss.2020.106767
https://doi.org/10.1016/j.ecss.2020.106767
https://doi.org/10.3354/meps14686
https://doi.org/10.1007/s00227-006-0356-7
https://doi.org/10.1007/s00227-006-0356-7
https://doi.org/10.1007/BF02732754
https://doi.org/10.1007/BF02732754
https://doi.org/10.2307/1942268
https://doi.org/10.1016/j.marpolbul.2020.110903
https://doi.org/10.1002/nafm.10967
https://doi.org/10.3389/fmars.2023.1274771
https://www.twdb.texas.gov/publications/reports/contracted_reports
https://www.twdb.texas.gov/publications/reports/contracted_reports
https://doi.org/10.2112/SI68-015.1
https://doi.org/10.2112/SI68-015.1
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x
https://doi.org/10.1046/j.1365-2664.1998.3540523.x
https://doi.org/10.1046/j.1365-2664.1998.3540523.x
https://doi.org/10.1139/F08-048
https://doi.org/10.1007/s00382-007-0295-0
https://doi.org/10.1007/s00382-007-0295-0
https://doi.org/10.1002/tafs.10041
https://doi.org/10.1016/j.scitotenv.2020.139878
https://doi.org/10.1016/j.scitotenv.2020.139878
https://doi.org/10.1006/jmsc.2000.0705
https://doi.org/10.1006/jmsc.2000.0705
https://doi.org/10.1016/j.marenvres.2023.105998


Estuaries and Coasts           (2025) 48:85 	 Page 19 of 21     85 

del Monte-Luna, P., Villalobos, H., & Arreguín-Sánchez, F. (2015). 
Variability of sea surface temperature in southwestern Gulf of 
Mexico. Continental Shelf Research, 102, 73–79. https://​doi.​org/​
10.​1016/j.​csr.​2015.​04.​017

Diamond, S. L., Crowder, L. B., & Cowell, L. G. (1999). Catch and 
bycatch: The qualitative effects of fisheries on population vital 
rates in Atlantic Croaker. Transactions of the American Fish-
eries Society, 128, 1085–1105. https://​doi.​org/​10.​1577/​1548-​
8659(1999)​128<​1085:​CABTQ​E>2.​0.​CO;2

Drinkwater, K. F., Miles, M., Medhaug, I., Ottera, O. H., Kristiansen, 
T., Sundby, S., & Gao, Y. (2014). The Atlantic Multidecadal 
Oscillation: Its manifestations and impacts with special empha-
sis of on the Atlantic region north of 60°N. Journal of Marine 
Systems, 133, 117–130. https://​doi.​org/​10.​1016/j.​jmars​ys.​2013.​
11.​001

Endfield, D. B., Mestas-Nuñez, A. M., & Trimble, P. J. (2001). The 
Atlantic Multidecadal Oscillation and its relationship to rainfall 
and river flows in the continental U.S. Geophysical Research 
Letters, 28, 2077–2080. https://​doi.​org/​10.​1029/​2000G​L0127​45

Engel, F. G., Mattheiessen, B., & Eriksson, B. K. (2020). A heatwave 
increases turnover and regional dominance in microbenthic com-
munities. Basic and Applied Ecology, 47, 1–11. https://​doi.​org/​
10.​1016/j.​baae.​2020.​03.​003

Erickson, K. A., West, J., Dance, M. A., Farmer, T. M., Ballenger, J. C., 
& Midway, S. R. (2021). Changing climate associated with the 
range-wide decline of an estuarine fish. Global Change Biology, 
27, 2520–2536. https://​doi.​org/​10.​1111/​gcb.​15568

Farr, E. R., Johnson, M. R., Nelson, M. W., Hare, J. A., Morrison, W. 
E., Lettrich, M. D., Vogt, B., Meaney, C., Howson, U. A., Auster, 
P. J., Borsuk, F. A., Brady, D. C., Cashman, M. J., Colarusso, P., 
Grabowski, J.H., Hawkes, J. P., Mercaldo-Allen, R., Packer, D. 
B., & Stevenson, D. K. (2021). An assessment of marine, estua-
rine, and riverine habitat vulnerability to climate change in the 
Northeast U.S. PLoS ONE, 16, e0260654. https://​doi.​org/​10.​
1371/​journ​al.​pone.​02606​54

Feng, S., Hu, Q., & Oglesby, R. J. (2010). Influence of Atlantic sea 
surface temperatures on persistent drought in North America. 
Climate Dynamics, 37, 569–586. https://​doi.​org/​10.​1007/​
s00382-​010-​0835-x

Freeman, L. A., Corbett, D. R., Fitzgerald, A. M., Lemley, D. A., 
Quigg, A., & Steppe, C. N. (2019). Impacts of urbanization 
and development on estuarine ecosystems and water quality. 
Estuaries and Coasts, 42, 1821–1838. https://​doi.​org/​10.​1007/​
s12237-​019-​00597-z

Froeschke, J. T., Froeschke, B. F., & Stinson, C. M. (2012). Long-term 
trends of Bull Shark (Carcharhinus leucas) in estuarine waters 
of Texas, USA. Canadian Journal of Fisheries and Aquatic Sci-
ences, 70, 13–21. https://​doi.​org/​10.​1139/​cjfas-​2012-​0037

Froeschke, J., Stunz, G. W., & Wildhaber, M. L. (2010). Environmen-
tal influences on the occurrence of coastal sharks in estuarine 
waters. Marine Ecology Progress Series, 407, 279–292. https://​
doi.​org/​10.​3354/​meps0​8546

Froese, R., & Pauly, D. (editors). (2024). FishBase. World Wide 
Web electronic publication. https://​www.​fishb​ase.​org, version 
(10/2024).

Fujiwara, M., Martinez-Andrade, F., Wells, R. J. D., Fisher, M., 
Pawluk, M., & Livernois, M. C. (2019). Climate-related factors 
cause changes in the diversity of fish and invertebrates in sub-
tropical coast of the Gulf of Mexico. Nature Communications 
Biology, 2, 403. https://​doi.​org/​10.​1038/​s42003-​019-​0650-9

Fujiwara, M., Simpson, A., Torres-Ceron, M., & Martinez-Andrade, 
F. (2022). Life-history traits and temporal patterns in the inci-
dence of coastal fishes experiencing tropicalization. Ecosphere, 
13, e4188. https://​doi.​org/​10.​1002/​ecs2.​4188

Fuls, B. E., Wagner, T., & McEachron, L. W. (2002). Characteri-
zation of commercial shrimp trawl bycatch in Texas during 

spring and fall commercial bay-shrimp seasons: 1993–1995. 
Management Data Series No. 180. Texas Parks and Wildlife 
Department.

Gervelis, B., Wilber, D. H., Brown, L., & Carey, D. A. (2023). The 
role of fishery-independent bottom trawl surveys in providing 
regional and temporal context to offshore wind farm monitoring 
studies. Marine and Coastal Fisheries, 15, e10231. https://​doi.​
org/​10.​1002/​mcf2.​10231

Getz, E. T., & Eckert, C. (2023). Effects of salinity on species rich-
ness and community composition in hypersaline estuary. Estu-
aries and Coasts, 46, 2175–2189. https://​doi.​org/​10.​1007/​
s12237-​022-​01117-2

Getz, E. T., Garcia, A., & Eckert, C. M. (2021). Ecology and life his-
tory of snook species in Texas. Marine and Coastal Fisheries, 
13, 600–613. https://​doi.​org/​10.​1002/​mcf2.​10181

Gilbert, P. M. (2010). Long-term changes in nutrient loading and stoi-
chiometry and their relationships with changes in the food web 
and dominant pelagic fish species in the San Francisco Estuary, 
California. Reviews in Fisheries Science, 18, 211–232.

Gosner, K. L. (1978). A field guide to the Atlantic seashore from the 
Bay of Fundy to Cape Hatteras. Houghton Mifflin Company.

Hammer, Ø., Harper, D. A. T., & Ryan,  P. D. (2001). PAST: Pale-
ontological statistics software package for education and data 
analysis. Palaeontologia Electronica, 4, 1. https://​palaeo-​elect​
ronica.​org/​2001_1/​past/​issue1_​01.​htm. Accessed 5 June 2024.

Hiddink, J. G., Johnson, A. F., Kingham, R., & Hinz, H. (2011). Could 
our fisheries be more productive? Indirect negative effects of 
bottom trawl fisheries on fish condition. Journal of Applied Ecol-
ogy, 48, 1441–1449. https://​doi.​org/​10.​1111/j.​1365-​2664.​2011.​
02036.x

Jones, S. K., Ripplinger, J., & Collins, S. L. (2017). Species reordering, 
not changes in richness, drives long-term dynamics in grassland 
communities. Ecology Letters, 20, 1556–1565. https://​doi.​org/​
10.​1111/​ele.​12864

Kim, H.-C., & Montagna, P. A. (2009). Implications of Colorado River 
(Texas, USA) freshwater inflow to benthic ecosystem dynam-
ics: A modeling study. Estuarine, Coastal and Shelf Science, 83, 
491–504. https://​doi.​org/​10.​1016/j.​ecss.​2009.​04.​033

Kim, H., Son, S., Montagna, P., Spiering, B., & Nam, J. (2014). Link-
age between freshwater inflow and primary productivity in Texas 
estuaries: Downscaling effects of climate variability. Journal of 
Coastal Research, 68, 65–73. https://​doi.​org/​10.​2112/​SI68-​009.1

Kimball, M. E., Allen, D. M., Kenny, P. D., & Ogburn-Matthews, V. 
(2020). Decadal-scale changes in subtidal nekton assemblages in 
a warm-temperature estuary. Estuaries and Coasts, 43, 927–939. 
https://​doi.​org/​10.​1007/​s12237-​019-​00692-1

Kinard, S., Patrick, C. J., & Carvallo, F. (2021). Effects of a natural 
precipitation gradient on fish and macroinvertebrate assemblages 
in coastal streams. PeerJ, 9, e12137. https://​doi.​org/​10.​7717/​
pearj.​12137

Knudsen, M. F., Seidenkrantz, M. -S., Jacobsen, B. H., & Kuijpers, A. 
(2011). Tracking the Atlantic Multidecadal Oscillation through 
the last 8,000 years. Nature Communications, 2(178). https://​doi.​
org/​10.​1038/​ncomm​s1186

Legendre, P., & Legendre, L. (1998). Numerical Ecology, 2nd (Eng-
lish). Elsevier Science.

Mahoney, P. C., & Bishop, M. J. (2017). Assessing risk of estuarine 
ecosystem collapse. Ocean and Coastal Management, 140, 
46–58. https://​doi.​org/​10.​1016/j.​oceco​aman.​2017.​02.​021

Mantua, N. J., & Hare, S. R. (2002). The Pacific decadal oscillation. 
Journal of Oceanography, 58, 35–44. https://​doi.​org/​10.​1023/A:​
10158​20616​384

Martinez-Andrade, F. (2015). Marine resource monitoring operations 
manual. Texas Parks and Wildlife Department Coastal Fisher-
ies Division. https://​datad​ocs.​bco-​dmo.​org/​Texas_​Coast​al_​Fish/​
data_​docs/​CF-​Mar-​Res-​Mon-​Ops-​Manual-​2015.​pdf

https://doi.org/10.1016/j.csr.2015.04.017
https://doi.org/10.1016/j.csr.2015.04.017
https://doi.org/10.1577/1548-8659(1999)128<1085:CABTQE>2.0.CO;2
https://doi.org/10.1577/1548-8659(1999)128<1085:CABTQE>2.0.CO;2
https://doi.org/10.1016/j.jmarsys.2013.11.001
https://doi.org/10.1016/j.jmarsys.2013.11.001
https://doi.org/10.1029/2000GL012745
https://doi.org/10.1016/j.baae.2020.03.003
https://doi.org/10.1016/j.baae.2020.03.003
https://doi.org/10.1111/gcb.15568
https://doi.org/10.1371/journal.pone.0260654
https://doi.org/10.1371/journal.pone.0260654
https://doi.org/10.1007/s00382-010-0835-x
https://doi.org/10.1007/s00382-010-0835-x
https://doi.org/10.1007/s12237-019-00597-z
https://doi.org/10.1007/s12237-019-00597-z
https://doi.org/10.1139/cjfas-2012-0037
https://doi.org/10.3354/meps08546
https://doi.org/10.3354/meps08546
https://www.fishbase.org
https://doi.org/10.1038/s42003-019-0650-9
https://doi.org/10.1002/ecs2.4188
https://doi.org/10.1002/mcf2.10231
https://doi.org/10.1002/mcf2.10231
https://doi.org/10.1007/s12237-022-01117-2
https://doi.org/10.1007/s12237-022-01117-2
https://doi.org/10.1002/mcf2.10181
https://palaeo-electronica.org/2001_1/past/issue1_01.htm
https://palaeo-electronica.org/2001_1/past/issue1_01.htm
https://doi.org/10.1111/j.1365-2664.2011.02036.x
https://doi.org/10.1111/j.1365-2664.2011.02036.x
https://doi.org/10.1111/ele.12864
https://doi.org/10.1111/ele.12864
https://doi.org/10.1016/j.ecss.2009.04.033
https://doi.org/10.2112/SI68-009.1
https://doi.org/10.1007/s12237-019-00692-1
https://doi.org/10.7717/pearj.12137
https://doi.org/10.7717/pearj.12137
https://doi.org/10.1038/ncomms1186
https://doi.org/10.1038/ncomms1186
https://doi.org/10.1016/j.ocecoaman.2017.02.021
https://doi.org/10.1023/A:1015820616384
https://doi.org/10.1023/A:1015820616384
https://datadocs.bco-dmo.org/Texas_Coastal_Fish/data_docs/CF-Mar-Res-Mon-Ops-Manual-2015.pdf
https://datadocs.bco-dmo.org/Texas_Coastal_Fish/data_docs/CF-Mar-Res-Mon-Ops-Manual-2015.pdf


	 Estuaries and Coasts           (2025) 48:85    85   Page 20 of 21

Matlock, G.C., & Osborn, M.F. (Ferguson). 1982. Shallow-water sur-
face areas and shoreline distances on the Texas coast. Manage-
ment Data Series No. 37: Texas Parks and Wildlife Department.

Maureaud, A. A., Frelat, R., Pécuchet, L., Shackell, N., Mérigot, B., 
Pinsky, M. L., Amador, K., Anderson, S. C., Arkhipkin, A., 
Auber, A. I., Barri1, R. J., Bell, J., Belmaker, E., Beukhof, M. L., 
Camara, R., Guevara-Carrasco, J. Choi, H.T. Christensen, J. Con-
ner, L.A. Cubillos, H.D. Diadhiou, D. Edelist, M. Emblemsvåg, 
B. Ernst, T. P., Fairweather, H. O., Fock, K. D., Friedland, C. 
B., Garcia, , Gascuel, D., Gislason, H., Goren, M., Guitton, J., 
Jouffre, D., Hattab, T., Hildalgo, M., Kathena, J. N., Knuckey, I., 
Kidé, S. O., Koen-Alonso, M.,  Koopman, M., Kulik, V., León, 
J. P., Levitt-Barmats, Y., Lindegren, M., Llope, M., Massiot-
Granier, F., Masski, H., McLean, M., Meissa, B., Mérillet, L., 
Mihneva, V., Nunoo, F. K. E., O’Driscoll, R., O’Leary, C. A., 
Petrova, E., Ramos, J. E., Refes, W., Román-Marcote, E., Sieg-
stad, H., Sobrino, I., Sólmundsson, J., Sonin, O., Spies, I., Ste-
ingrund, P., Stephenson, F., Stern, N., Tserkova, F., Tserpes, G., 
Tzanatos, E., van Rijn, I., van Zwieten, P. A. M., Vasilakopou-
los, P., Yepsen, D. V., Ziegler, P., & Thorson, J. T. (2021). Are 
we ready to track climate-driven shifts in marine species across 
international boundaries? – A global survey of scientific bottom 
trawl data. Global Change Biology, 27, 220–236.

McBride, R. S., Rocha, C. R., Ruiz-Carus, R., & Bowen, B. W. (2010). 
A new species of ladyfish, of the genus Elops (Elopiformes: 
Elopidae), from the western Atlantic Ocean. Zootaxa, 2346, 
29–41. https://​doi.​org/​10.​11646/​zoota​xa.​2346.1.3

McCabe, G. J., Palecki, M. A., & Betancourt, J. L. (2004). Pacific and 
Atlantic Ocean influences on multidecadal drought frequency 
in the United States. Proceedings of the National Academy of 
Sciences, 101, 4136–4141. https://​doi.​org/​10.​1073/​pnas.​03067​
38101

McFarlane, R., Leskovskaya, A., Lester, J., & Gonzalez, L. (2015). 
The effect of four environmental parameters on the structure of 
shoreline communities in Texas, USA. Ecosphere, 6, 258. https://​
doi.​org/​10.​1890/​ES15-​00326.1

Miller, J., Esselman, P. C., Alameddine, I., Blackhart, K., & Obenour, 
D. R. (2018). Hierarchical modeling assessment of the influence 
of watershed stressors on fish and invertebrate species in Gulf of 
Mexico estuaries. Ecological Indicators, 90, 142–153. https://​
doi.​org/​10.​1016/j.​ecoli​nd.​2018.​02.​040

Montgomery, J. L. M., & Targett, T. E. (1992). The nutritional role of 
seagrass in the diet of the omnivorous Pinfish Lagodon rhom-
boides (L.). Journal of Experimental Biology and Ecology, 158, 
37–57. https://​doi.​org/​10.​1016/​0022-​0981(92)​90307-V

Muller-Karger, F. E., Smith, J. P., Werner, S., Chen, R., Roffer, M., 
Liu, Y., Muhling, B., Lindo-Atichati, D., Lamkin, J., Cerdeira-
Estrada, S., & Enfield, D. B. (2015). Natural variability of sur-
face oceanographic conditions in the offshore Gulf of Mexico. 
Progress in Oceanography, 134, 54–76. https://​doi.​org/​10.​1016/j.​
pocean.​2014.​12.​007

Munk, P., Cardinale, M., Casini, M., & Rudolphi, A.-C. (2014). The 
community structure of over-wintering larval and small juvenile 
fish in a large estuary. Estuarine, Coastal and Shelf Science, 139, 
27–39. https://​doi.​org/​10.​1016/j.​ecss.​2013.​12.​024

Murgulet, D., Valeriu, M., Hay, R. R., Tissot, P., & Mestas-Nuñuez, 
A. M. (2017). Relationships between sea surface temperature 
anomalies in the Pacific and Atlantic Oceans and South Texas 
precipitation and streamflow variability. Journal of Hydrology, 
550, 726–739. https://​doi.​org/​10.​1016/j.​jhydr​ol.​2017.​05.​041

Near, T. J., & Thacker, C. E. (2024). Phylogenetic classification of liv-
ing and fossil ray-finned fishes (Actinopterygii). Bulletin of the 
Peabody Museum of Natural History, 65, 3–302. https://​doi.​org/​
10.​3374/​014.​065.​0101

Nye, J. A., Loewensteiner, D. A., & Miller, T. J. (2011). Annual, 
seasonal, and regional variability in diet of Atlantic Croaker 

(Micropogonias undulatus) in Chesapeake Bay. Estuaries and 
Coasts, 34, 691–700. https://​doi.​org/​10.​1007/​s12237-​010-​9348-4

O’Reilly, C. H., Woollings, T., & Zanna, L. (2017). The dynamical 
influence of the Atlantic Multidecadal Oscillation on continental 
climate. Journal of Climate, 30, 7213–7230. https://​doi.​org/​10.​
1175/​JCLI-D-​16-​0345.1

Olsen, Z. (2019). Quantifying the spatial extent and distribution of 
estuarine habitat with changing salinity: Do positive, neutral, 
and negative estuaries respond differently to salinity variation? 
Estuaries and Coasts, 42, 1169–1184. https://​doi.​org/​10.​1007/​
s12237-​019-​00528-y

Olsen, Z., Anderson, J. D., & McDonald, D. (2016). Morphological and 
molecular variation among populations of Tidewater (Menidia 
peninsulae) and Inland (M. beryllina) Silversides: Insight into 
drivers of adaptation and speciation of silverside fishes. Environ-
mental Biology of Fishes, 99, 857–871. https://​doi.​org/​10.​1007/​
s10641-​016-​0528-3

Orlando, Jr., S. P., Rozas, L. P., Ward, G. H., & Klein, C. J. (1991). 
Analysis of salinity structure and stability for Texas estuaries. 
Strategic Assessment Branch, NOS/NOAA.

Osowski, A. R., Jargowsky, M. B., Cooper, P. T., Powers, S. P., & Dry-
mon, J. M. (2023). Dietary habits of Hardhead (Ariopsis felis) 
and Gafftopsail (Bagre marinus) Catfish revealed through DNA 
barcoding of stomach contents. Fishes, 8, 539. https://​doi.​org/​
10.​3390/​fishe​s8110​539

Palomares, M. L. D., & Pauly, D. (editors). (2024). SeaLifeBase. World 
Wide Web electronic publication. https://​www.​seali​febase.​org, 
version (12/2024).

Pavia, E. G., Graef, F., & Reyes, J. (2006). PDO-ENSO effects in the 
climate of Mexico. Journal of Climate, 19, 6433–6438. https://​
doi.​org/​10.​1175/​JCLI4​045.1

Pawluk, M., Fujiwara, M., & Martinez-Andrade, F. (2022). Climate 
change linked to functional homogenization of a subtropical 
estuarine system. Ecology and Evolution, 12, e8783. https://​doi.​
org/​10.​1002/​ece3.​8783

Perry, H. M., Anderson, J., & Collins, L. (2022). Status and manage-
ment of blue crab fishery in the Gulf of Mexico. North American 
Journal of Fisheries Management, 42, 164–179. https://​doi.​org/​
10.​1002/​nafm.​10727

Perry, H. M., & VanderKooy, S. J. (2015). The blue crab fishery of the 
Gulf of Mexico, United States: a regional management plant, 
2015 revision. Gulf States Marine Fisheries Commission.

Picket, B. D., Wallace, E. M., Ridge, P. G., & Kauwe, J. S. K. (2020). 
Lingering taxonomic challenges hinder conservation and man-
agement of global bonefishes. Fisheries, 347–358. https://​doi.​
org/​10.​1002/​fsh.​10438

Plumlee, J. D., Dance, K. M., Matich, P., Mohan, J. A., Richards, T. 
M., TinHan, T. C., Fisher, M. R., & David Wells, R. J. (2018). 
Community structure of elasmobranchs in estuaries along the 
northwest Gulf of Mexico. Estuarine, Coastal and Shelf Science, 
204, 103–113. https://​doi.​org/​10.​1016/j.​ecss.​2018.​02.​023

Plumlee, J. D., Powers, S. P., Kimbro, D. L., Lehrter, J. C., Herrmann, 
J., & Mareska, J. (2024). Increasing duration of heatwaves poses 
a threat to oyster sustainability in the Gulf of Mexico. Ecological 
Indicators, 162, 112015. https://​doi.​org/​10.​1016/j.​ecoli​nd.​2024.​
112015

Pollack, J. B., Kinsey, J. W., & Montagna, P. A. (2009). Freshwater 
inflow biotic index (FIBI) for the Lavaca-Colorado Estuary, 
Texas. Environmental Bioindicators, 4, 153–169. https://​doi.​
org/​10.​1080/​15555​27090​29868​31

Rogers, S. I., Clarke, K. R., & Reynolds, J. D. (1999). The taxonomic 
distinctness of coastal bottom-dwelling fish communities of the 
north-east Atlantic. Journal of Animal Ecology, 68, 769–782. 
https://​doi.​org/​10.​1046/j.​1365-​2656.​1999.​00327.x

Rudershausen, P. J., & Locascio, J. V. (2001). Dietary habits of the 
Gafftopsail Catfish, Bagre marinus, in Tarpon Bay and Pine 

https://doi.org/10.11646/zootaxa.2346.1.3
https://doi.org/10.1073/pnas.0306738101
https://doi.org/10.1073/pnas.0306738101
https://doi.org/10.1890/ES15-00326.1
https://doi.org/10.1890/ES15-00326.1
https://doi.org/10.1016/j.ecolind.2018.02.040
https://doi.org/10.1016/j.ecolind.2018.02.040
https://doi.org/10.1016/0022-0981(92)90307-V
https://doi.org/10.1016/j.pocean.2014.12.007
https://doi.org/10.1016/j.pocean.2014.12.007
https://doi.org/10.1016/j.ecss.2013.12.024
https://doi.org/10.1016/j.jhydrol.2017.05.041
https://doi.org/10.3374/014.065.0101
https://doi.org/10.3374/014.065.0101
https://doi.org/10.1007/s12237-010-9348-4
https://doi.org/10.1175/JCLI-D-16-0345.1
https://doi.org/10.1175/JCLI-D-16-0345.1
https://doi.org/10.1007/s12237-019-00528-y
https://doi.org/10.1007/s12237-019-00528-y
https://doi.org/10.1007/s10641-016-0528-3
https://doi.org/10.1007/s10641-016-0528-3
https://doi.org/10.3390/fishes8110539
https://doi.org/10.3390/fishes8110539
https://www.sealifebase.org
https://doi.org/10.1175/JCLI4045.1
https://doi.org/10.1175/JCLI4045.1
https://doi.org/10.1002/ece3.8783
https://doi.org/10.1002/ece3.8783
https://doi.org/10.1002/nafm.10727
https://doi.org/10.1002/nafm.10727
https://doi.org/10.1002/fsh.10438
https://doi.org/10.1002/fsh.10438
https://doi.org/10.1016/j.ecss.2018.02.023
https://doi.org/10.1016/j.ecolind.2024.112015
https://doi.org/10.1016/j.ecolind.2024.112015
https://doi.org/10.1080/15555270902986831
https://doi.org/10.1080/15555270902986831
https://doi.org/10.1046/j.1365-2656.1999.00327.x


Estuaries and Coasts           (2025) 48:85 	 Page 21 of 21     85 

Island South, Florida. Gulf of Mexico Science, 19, 90–96. https://​
doi.​org/​10.​18785/​goms.​1902.​02

Scheffel, W. A., Heck, K. L., Jr., & Johnson, M. W. (2018). Tropi-
calization of the northern Gulf of Mexico: Impacts of salt marsh 
transition to black mangrove dominance on faunal communities. 
Estuaries and Coasts, 41, 1193–1205. https://​doi.​org/​10.​1007/​
s12237-​017-​0334-y

Shan, X., Sun, P., Jin, X., Li, X., & Dai, F. (2013). Long-term changes 
in fish assemblage structure in the Yellow River Estuary Ecosys-
tem, China. Marine and Coastal Fisheries, 5, 65–78. https://​doi.​
org/​10.​1080/​19425​120.​2013.​768571

Shannon, C. E. (1948). A mathematical theory of communication. Bell 
System Technical Journal, 27, 379–423.

Sklar, F. H., & Browder, J. A. (1998). Coastal environmental impacts 
brought about by alterations to freshwater flow in the Gulf of 
Mexico. Environmental Management, 22, 547–562. https://​doi.​
org/​10.​1007/​s0026​79900​127

Sluis, M. Z., Fujiwara, M., Martinez-Andrade, F., & David Wells, R. 
J. (2025). Spatiotemporal shifts and influence of environmental 
parameters on estuarine-dependent fishes in Texas bays. Estua-
rine, Coastal and Shelf Science, 312, 109034. https://​doi.​org/​10.​
1016/j.​ecss.​2024.​109034

Smith, C. J., Papadopoulou, K. N., & Diliberto, S. (2000). Impact of 
otter trawling on an eastern Mediterranean commercial trawl 
fishing ground. ICES Journal of Marine Science, 5, 1340–1351. 
https://​doi.​org/​10.​1006/​jmsc.​2000.​0927

Sobocinski, K. L., Orth, R. J., Fabrizio, M. C., & Latour, R. J. (2013). 
Historical comparison of fish community structure in Lower 
Chesapeake Bay seagrass habitats. Estuaries and Coasts, 36, 
775–794. https://​doi.​org/​10.​1007/​s12237-​013-​9586-3

Stevens, P. W., Fox, S. L., & Montague, C. L. (2006). The interplay 
between mangroves and saltmarshes at the transition between 
temperate and subtropical climate in Florida. Wetlands Ecol-
ogy and Management, 14, 435–444. https://​doi.​org/​10.​1007/​
s11273-​006-​0006-3

Stoner, A. W. (1980). Feeding ecology of Lagodon rhomboides (Pices: 
Sparidae): Variation and functional responses. Fishery Bulletin, 
78, 337–352.

Stunz, G. W., Minello, T. J., & Rozas, L. P. (2010). Relative value 
of oyster reef as habitat for estuarine nekton in Galveston Bay, 
Texas. Marine Ecology Progress Series, 406, 147–156.

Texas Water Development Board. (2024). Major estuaries of Texas. 
https://​www.​twdb.​texas.​gov/​surfa​cewat​er/​bays/​major_​estua​ries/​
index.​asp. Accessed 4 Mar 2024.

Thrush, S. F., & Dayton, P. K. (2002). Disturbance to marine benthic 
habitats by trawling and dredging: Implications for marine bio-
diversity. Annual Reviews in Ecology and Systematics, 33, 449–
473. https://​doi.​org/​10.​1146/​annur​ev.​ecols​ys.​33.​010802.​150515

Thrush, S. F., Halliday, J., Hewitt, J. E., & Lohrer, A. M. (2008). The 
effects of habitat loss, fragmentation, and community homog-
enization on resilience in estuaries. Ecological Applications, 18, 
12–21. https://​doi.​org/​10.​1890/​07-​0436.1

Tolan, J. M., & Fisher, M. (2008). Biological response to changes in 
climate patterns: Population increases of Gray Snapper (Lutjanus 

griseus) in Texas bays and estuaries. Fishery Bulletin, 107, 
36–44.

Warwick, R. M., & Clarke, K. R. (1995). New ‘biodiversity’ meas-
ures reveal a decrease in taxonomic distinctness with increasing 
stress. Marine Ecology Progress Series, 129, 301–305. https://​
doi.​org/​10.​3354/​meps1​29301

Warwick, R. M., & Clarke, K. R. (1998). Taxonomic distinctness and 
environmental assessment. Journal of Applied Ecology, 35, 
532–543. https://​doi.​org/​10.​1046/j.​1365-​2664.​1998.​35405​32.x

Wells, R. J. D., Cowan, J. H., Jr., & Patterson, W. F., III. (2008). Habitat 
use and the effect of shrimp trawling on fish and invertebrate 
communities over the northern Gulf of Mexico continental shelf. 
ICES Journal of Marine Science, 65, 1610–1619. https://​doi.​org/​
10.​1093/​icesj​ms/​fsn145

Williford, D., & Anderson, J. (2025). Abundance, seasonality, and 
growth of Spot (Leiostomus xanthurus) in the western Gulf of 
Mexico. Environmental Biology of Fishes. https://​doi.​org/​10.​
1007/​s10641-​025-​01672-0

Williford, D., Beeken, N. S., Anderson, J., & Hajovsky, P. (2022). Phy-
logenetic origins and age-based proportions of Malacho (Elops 
smithi) relative to Ladyfish (Elops saurus): Species on the move 
in the western Gulf of Mexico. Gulf and Caribbean Research, 
33, 46–59. https://​doi.​org/​10.​18785/​gcr.​3301.​07

Willis, C. M., Richardson, J., Smart, T., Cowan, J. P., & Biondo, P. 
(2015). Diet composition, feeding strategy, and diet overlap of 3 
sciaenids along the southeastern United States. Fishery Bulletin, 
113, 290–301. https://​doi.​org/​10.​7755/​FB.​113.3.5

WoRMS Editorial Board. (2024). World Register of Marine Spe-
cies. Available from https://​www.​marin​espec​ies.​org at VLIZ. 
Accessed 21 Nov 2024.

Yashuara, M., Yamazaki, H., Tsujimorot, A., & Hirose, K. (2007). 
The effect of long-term spatiotemporal variations in urbaniza-
tion-induced eutrophication on a benthic ecosystem, Osaka Bay, 
Japan. Limnology and Oceanography, 52, 1633–1644. https://​
doi.​org/​10.​4319/​lo.​2007.​52.4.​1633

Zhang, Y., Wallace, J. M., & Battisti, D. S. (1997). ENSO-like interdecadal 
variability: 1900–93. Journal of Climate, 10, 1004–1004. https://​doi.​
org/​10.​1175/​1520-​0442(1997)​010<​1004:​ELIV>2.​0.​CO;2

zu Ermgassen, P. S. E., DeAngelis, B., Gair, J. R., zu Ermgassen, S., 
Baker, R., Daniels, A., MacDonald, T. C., Meckley, K., Powers, 
S., Ribera, M., Rozas, L. P., & Grabowski, J. H. (2021). Esti-
mating and applying fish and invertebrate density and produc-
tion enhancement from seagrass salt marsh edge, and oyster reef 
nursery habitats in the Gulf of Mexico. Estuaries and Coasts, 44, 
1588–1603. https://​doi.​org/​10.​1007/​s12237-​021-​00935-0

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.18785/goms.1902.02
https://doi.org/10.18785/goms.1902.02
https://doi.org/10.1007/s12237-017-0334-y
https://doi.org/10.1007/s12237-017-0334-y
https://doi.org/10.1080/19425120.2013.768571
https://doi.org/10.1080/19425120.2013.768571
https://doi.org/10.1007/s002679900127
https://doi.org/10.1007/s002679900127
https://doi.org/10.1016/j.ecss.2024.109034
https://doi.org/10.1016/j.ecss.2024.109034
https://doi.org/10.1006/jmsc.2000.0927
https://doi.org/10.1007/s12237-013-9586-3
https://doi.org/10.1007/s11273-006-0006-3
https://doi.org/10.1007/s11273-006-0006-3
https://www.twdb.texas.gov/surfacewater/bays/major_estuaries/index.asp
https://www.twdb.texas.gov/surfacewater/bays/major_estuaries/index.asp
https://doi.org/10.1146/annurev.ecolsys.33.010802.150515
https://doi.org/10.1890/07-0436.1
https://doi.org/10.3354/meps129301
https://doi.org/10.3354/meps129301
https://doi.org/10.1046/j.1365-2664.1998.3540532.x
https://doi.org/10.1093/icesjms/fsn145
https://doi.org/10.1093/icesjms/fsn145
https://doi.org/10.1007/s10641-025-01672-0
https://doi.org/10.1007/s10641-025-01672-0
https://doi.org/10.18785/gcr.3301.07
https://doi.org/10.7755/FB.113.3.5
https://www.marinespecies.org
https://doi.org/10.4319/lo.2007.52.4.1633
https://doi.org/10.4319/lo.2007.52.4.1633
https://doi.org/10.1175/1520-0442(1997)010<1004:ELIV>2.0.CO;2
https://doi.org/10.1175/1520-0442(1997)010<1004:ELIV>2.0.CO;2
https://doi.org/10.1007/s12237-021-00935-0

	Assessing Long-Term Changes to Estuarine Benthic Communities in the Northwestern Gulf of Mexico
	Abstract
	Introduction
	Methods
	Field Techniques
	Statistical Analysis

	Results
	Discussion
	Acknowledgements 
	References


