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Abstract Ariopsis felis (Hardhead Catfish) is an
abundant yet understudied estuarine fish species in the
US Atlantic and Gulf of Mexico. Very little is known
about the species’ trophic role and place in coastal
food webs. This study was designed to provide base-
line information on A. felis stable isotope values and to
examine for any ontogenetic changes. n = 126 A. felis
were sampled in the summer of 2018 in Terrebonne
Bay, LA, USA, and muscle tissue was analyzed for
stable carbon (δ13C) and nitrogen (δ15N) values. Over-
all, we found little evidence for any ontogenetic trophic
niche shifts, expansions, or contractions; mature males
and females have similar isotopic values and little to
no differences were detected between immature and
mature fish. Ultimately, A. felis occupy a trophic niche
similar to that of other common estuarine fishes; how-
ever, the lack of any ontogenetic change in trophic
position suggests that A. felis may be occupying a
more stable and long-term place in coastal food webs.
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Introduction

Coastal ecosystems are made up of complex and
dynamic habitats, yet we often define these ecosys-
tems by homogeneous physical and biological char-
acteristics. Teasing apart the complex, interspecific
interactions within coastal ecosystems can provide
clarity for how organisms interact with and use coastal
habitats. Food webs are a central pillar in ecology,
providing a framework to explain interspecific inter-
actions through energy transfer between trophic levels
(Lindeman 1942), and food webs can be used to con-
nect localized interactions to the greater ecosystem
level through the crossing of spatial habitat boundaries
by predator, prey, or nutrients (Polis et al. 1997).

Nektonic, coastal fishes provide one such pathway
for the movement of resources both as consumers and
as prey for larger predators (Hyndes et al. 2014). Gen-
erally, as the size of fishes increases, so does the quan-
tity and size range of prey items (Reid et al. 2007).
As such, how fishes interact and affect the ecosystem
potentially differs throughout their lifecycle. Many
organisms undergo ontogenetic diet changes as they
grow or mature (Polis et al. 1997), which further
muddies the waters of coastal trophic webs. The mul-
tifaceted, interspecific relationships in coastal ecosys-
tems make studying food webs through more tradi-
tional means (e.g., observational studies) impractical
and cost prohibitive (Boecklen et al. 2011).
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Stable isotope analysis (SIA) facilitates the study
of food webs in a cost-effective manner as variation
in the stable isotope values of consumers is a function
of diets and trophic position (Boecklen et al. 2011).
Specifically, stable isotope values of nitrogen (δ15N)
and carbon (δ13C) are used as a proxy for trophic
position (Minagawa and Wada 1984) and habitat use,
through base level, organic diet inputs (Peterson and
Fry 1987), respectively.

In a broad sense, the bivariate mean and variance of
δ15N and δ13C values, also referred to as the isotopic
niche (Newsome et al. 2007), describes an organism’s
trophic niche (Turner et al. 2010). Given the trophic
space in which many species can exist in their life-
time, we might expect coastal fishes to fit into one
of four possible ontogenetic scenarios: (1) no trophic
niche shift or expansion/contraction (i.e., fish diet or
basal resource use does not change with ontogeny), (2)
trophic niche expansion or contraction, but no niche
shift (i.e., fish utilize a wider or smaller variety of prey
items or basal resources with ontogeny), (3) trophic
niche shift (i.e., fish occupy a completely different
trophic niche with ontogeny), or (4) both a trophic
niche shift and expansion (Hammerschlag-Peyer et al.
2011). This framework expands upon the theoreti-
cal scenarios by Layman et al. (2007) and allows for
robust statistical analysis of trophic niche (Turner et al.
2010; Hammerschlag-Peyer et al. 2011). Multivariate
analysis of δ15N and δ13C values can be used to help
uncover which of the four possible trophic niche sce-
narios describe coastal fishes (Hammerschlag-Peyer
et al. 2011). In addition, direct calculations of trophic
position and the relative importance of basal carbon
sources can be made from consumer δ15N and δ13C
values to further elucidate ontogenetic scenarios (Post
2002; Quezada-Romegialli et al. 2018b).

Ariopsis felis (Hardhead Catfish) is a species of
marine catfish found in coastal waters from Cape
Cod, MA, USA, to Yucatan, Mexico (Muncy and
Wingo 1983) and is common in the coastal waters
of Louisiana; however, we know very little about the
species’ biology or population status. A. felis are con-
sidered opportunistic feeders that feed on detritus,
crustaceans, other fish (Lee et al. 1980), and poten-
tially even target the scales of live fish (lepidophagy)
(Hoese 1966). In southern Florida lagoons, A. felis
showed no evidence of body size–related shifts in
trophic niche, but trophic niche did vary significantly
with season (Olin et al. 2012). That study sampled

n = 63 A. felis over two seasons and two estuar-
ies, although stable isotope values were very similar
between estuaries. The seasonal trophic niche shift
observed by Olin et al. (2012) is likely evidence of a
seasonal change in A. felis habitat use or seasonal dif-
ferences in nutrient input. Reports of maximum age
vary widely from 2 years (Benson 1982) to “three
to eight growing seasons” (Doermann et al. 1977)
to 24 (Flinn et al. 2019) or 25 years (Armstrong
et al. 1996), with the strongest evidence supporting
longevity >20 years. While there have been some
studies examining the life history traits and feeding
behavior of A. felis in the northern Gulf of Mexico
and southern Florida, there remain large gaps in our
knowledge of this abundant coastal fish and recent
studies have challenged some of the little reporting
available (Armstrong et al. 1996; Flinn et al. 2019).

Though there is an intrinsic scientific value to
basic biological knowledge of any coastal fish species,
knowing how coastal fishes’ feeding changes over
their lifetime is an important step toward understand-
ing their ecological importance. Ecosystem modeling
has predicted A. felis as abundant enough to be one
of the more important meso-predators in the Gulf of
Mexico (Walters et al. 2008), but despite that abun-
dance, we know little of the trophic niche of A. felis in
coastal Louisiana. Determining possible ontogenetic
dietary shifts of A. felis in Louisiana informs their
trophic niche which, in turn, informs the role of A. felis
in coastal ecosystems and is the basis of understanding
predator-prey relationships. Considering recent chal-
lenges to historic reporting (Armstrong et al. 1996;
Flinn et al. 2019) and the lack of reporting specific
to Louisiana coastal ecosystems, the objectives of this
study were to:

1) establish A. felis trophic niche in coastal
Louisiana, and

2) determine which trophic niche scenario best
describes A. felis ontogeny in coastal Louisiana.

Methods

Collection and processing

A. felis used in this study were sampled oppor-
tunistically in partnership with the Louisiana Depart-
ment of Wildlife and Fisheries (LDWF) as a part of
their routine Fishery-Independent Sampling program.
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Sampling was conducted out of the Lacombe and
Bourg LDWF field offices primarily in Coastal Study
Areas (CSA) 5 (Terrebonne Basin) (Fig. 1) between
June and August, 2018. LDWF uses a variety of col-
lection gears in their fishery-independent sampling
program, including bag seines, gill nets, trammel nets,
and trawls. For more information on this program, see
LDWF’s Marine Fisheries Section Independent Sam-
pling Activities (2017). Whole fish were frozen, then
collected by Louisiana State University for analysis.

A total of n = 126 A. felis were taken to repre-
sent Terrebonne Basin from the summer months (June,
July, and August, 2018). Samples were individually
thawed and processed for basic biological measure-
ments of total length (TL [mm]) and total weight (TW
[g]). A white muscle tissue (here-after muscle) sam-
ple was taken slightly posterior to the dorsal fin for
stable isotope analysis. We specifically chose to ana-
lyze carbon (δ13C) and nitrogen (δ15N) stable isotope
values because they act as proxies for habitat use and
trophic position, respectively (Minagawa and Wada
1984; Peterson and Fry 1987; Boecklen et al. 2011).

Stable isotope analysis

Muscle tissue samples were freeze dried for > 48 h at
−40◦C, ground to a fine powder with amortar and pes-
tle to homogenize samples, and weighed to 0.60 mg ±
0.025 mg for bulk stable isotope analysis. Tissue was
combusted with a Costech 4010 Elemental Analyzer

and the resultant gas was analyzed through a Thermo
Scientific Delta V Isotope Ratio Mass Spectrometer
interfaced with a Thermo Scientific ConFlow IV.

Stable isotope values were normalized using a two-
point system with glutamic acid reference material
(USGS-40 and USGS-41). Sample precision based on
repeated reference material was 0.1‰ for both δ13C
and δ15N. Stable isotope values were calculated with
the following equation and are expressed in standard
delta (δ) notation in per mil units (‰):

δX = [(Rsample/Rstandard) − 1] × 1000 (1)

where X is 13C or 15N and R is the corresponding
ratio 13C/12C or 15N/14N. The Rstandard values were
based on Vienna Pee Dee Belemnite (VPDB) for δ13C
and atmospheric N2 (AIR) for δ15N values.

Samples with a C:N ratio > 3.32 from aquatic
organisms require lipid normalization to analyze δ13C;
therefore, we normalized samples with C:N values
> 3.32 with the equation (Post et al. 2007):

δ13Cnormalized = δ13Cuntreated − 3.32 + (0.99 × C : N) (2)

Statistical analysis

To determine ontogenetic niche shift for A. felis,
we divided the samples into three classes based on
previously determined sex and maturity information
(Pensinger et al. 2021): immature (n = 53), mature

Fig. 1 A. felis sampling
sites in Terrebonne Bay,
coastal Louisiana
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male (n = 28), and mature female (n = 45). Sex
and maturity were determined from visual inspec-
tion of the gonads (for sex) and based on spawning
season gonadosomatic index (for maturity). A. felis
do not exhibit sexually dimorphic growth in coastal
Louisiana (Flinn et al. 2019); however, male and
female A. felis were kept separate to account for
any potential feeding differences while male A. felis
are mouthbrooding. The procedure for determining
statistical differences between groups follows.

A linear regression was used to determine if uni-
variate δ13C or δ15N values changed with A. felis
length. The δ value was modeled as the response (y)
and size (TL) as the predictor:

yi = β0 + β1 × TLi + εi (3)

where yi is the δ value for fish i, β0 is the intercept
parameter, β1 is the slope parameter, and T Li is the
total length for fish i. εi represented the residual error.
All model estimation was done using the lm function
in R (R Core Team 2019).

Niche position of each group was examined through
multivariate and univariate analysis of δ13C and δ15N
values in a Frequentist framework (Hammerschlag-
Peyer et al. 2011). Niche position is examined by
calculating the mean Euclidean distance (ED) between
centroid means of each group (Turner et al. 2010). If
the absolute value of ED was significantly different
than zero, the groups were considered to have different
niche positions (Hammerschlag-Peyer et al. 2011). We
also examined significant differences in multivariate
niche position through univariate analysis of variance
(ANOVA) of δ13C and δ15N values, respectively, to
determine the isotopic driver of niche position.

Niche width was evaluated within two common
frameworks: Frequentist (Hammerschlag-Peyer et al.
2011) and Bayesian (Jackson et al. 2011). In the Fre-
quentist framework, niche width is measured by the
dispersion between samples calculated by compar-
ing the mean distance to centroid (bivariate mean;
MDC) of each group. In other words, the Euclid-
ian distance between each individual sample within a
group and the group’s centroid mean (Hammerschlag-
Peyer et al. 2011; Turner et al. 2010). In the Bayesian
framework, we used standard ellipse areas (SEAb) to
examine trophic niche between groups using Markov
Chain Monte Carlo simulations implemented in the
Stable Isotope Bayesian Ellipses in R (SIBER) pack-
age (Jackson et al. 2011). Bayesian standard ellipses

describe the mean covariance of bivariate data and
are generally calculated encompassing 40% of data
points (Jackson et al. 2011). However, to maintain
consistency between SEAb and the Bayesian estimate
of niche overlap, we calculated SEAb encompassing
95% of data points. For SIBER analyses, we used 5
chains of 10,000 iterations with a burn-in of 1000 and
thinning of 10. Using posterior probabilities (PP), we
compared SEAb of each group to all other groups, with
PP > 0.95 used as a measure of significant differ-
ences. Posterior probabilities allowed us to calculate
the difference between estimated posteriors in two
groups and then examine the probability of whether
posterior SEAb values from one group are less than the
posterior SEAb value from the comparison group. Sig-
nificant differences in multivariate niche width were
further explored through univariate analysis of δ13C
and δ15N values utilizing Bartlett’s test to determine
which element drove the observed multivariate dif-
ference in niche width between ontogenetic groups
(Hammerschlag-Peyer et al. 2011).

We examined trophic niche overlap among groups
relative to the SEAb of immature, male, and female A.
felis estimated to contain 95% of the data points
within each group (Jackson et al. 2011). Trophic
niche overlap was calculated as the probability of
one species falling into the niche area (i.e., SEAb)
of another using a Bayesian model with Markov
Chain Monte Carlo simulations implemented in the
NicheRover package in R (Swanson et al. 2015). For
NicheRover analyses, we used 5 chains of 10,000 iter-
ations with a burn-in of 1000 and thinning of 10.
The resulting pairwise trophic niche overlap values
(%) are presented as median values with 95% credible
intervals. Trophic niche overlap comparisons provided
additional ability to assess potential ontogenetic niche
shifts and expansions or contractions among groups.

Finally, to further complement the isotopic niche
analyses described above, we estimated trophic posi-
tion and the relative importance of basal carbon
sources α to A. felis using a Bayesian model from the
package tRophicposition (Version 0.7.5) implemented
in R (Quezada-Romegialli et al. 2018b). This package
employs a Bayesian formulation of the TP equations
outlined in Post (2002) coupled with Markov Chain
Monte Carlo simulations (Quezada-Romegialli et al.
2018a). This model was parameterized using reported
literature stable isotope values of basal carbon sources
for the Terrebone Basin, LA, collected in August
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and September of 2016 (Nelson et al. 2019). Specifi-
cally, a two baseline model with trophic fractionation
was examined with the C4 grass Spartina alterni-
flora used as a proxy for terrestrial carbon sources
(δ15N: 6.6 ± 0.6‰; δ13C: −14.5 ± 0.3‰) and water
column particular-organic matter (POM) used as a
proxy for aquatic carbon sources (δ15N: 6.7 ± 0.8‰;
δ13C: −22.5 ± 0.8‰). Prior to incorporation in the
model, 100 points were randomly generated from the
mean and standard deviation of each basal resource
contributions (James et al. 2020). All models incor-
porated an assumed mean trophic fractionation (Δ13C
= 0.39 ± 1.30; Δ15N = 3.4 ± 0.98) per trophic
transfer (Post 2002). These values represent the aver-
age trophic discrimination calculated across a range of
aquatic consumers (Post 2002), and as such provide a
measure of the mean ± SD trophic discrimination fac-
tors across all steps/species in the food web leading up
to A. felis. For all models, we used 5 chains of 10,000
iterations with a burn-in of 1000 and thinning of 10.
Resulting TP and α metrics are presented as median
values with 95% credibility intervals. An α value of 1
represents a 100% use of aquatic carbon sources (i.e.,
0% use of terrestrial carbon sources). Similar to SEAb

comparisons above, we used PP to compare trophic

position and α metrics of each group, with PP > 0.95
used as a measure of significant differences.

All statistical analyses were performed in R (R
Core Team 2019). Model-checking was performed by
calculating Gelman–Rubin diagnostic to assess con-
vergence and by comparing posterior estimates of the
mean and standard deviation of TP and α to their
corresponding naive and time-series Markov Chain
Monte Carlo (MCMC) errors to assess precision (Gel-
man et al. 2013). For all models, point estimates of
the potential scale reduction factor (Rc) were < 1.01
and below or equal to their corresponding upper con-
fidence limits (R95%) indicating model convergence.
In addition, both naive and time-series MCMC errors
were less than 5% of their corresponding standard
deviations (i.e., standard deviations were >20 times
larger than MCMC errors) indicating model precision.

Results

Trophic niche position

Univariate, linear regression of A. felis stable isotope
values and TL found a significant, positive effect of

Fig. 2 δ13C (A) and δ15N (B) values plot against total length
(mm). Filled orange squares represent immature A. felis, filled
red circles represent mature female A. felis, and filled purple

triangles represent mature male A. felis. The black line (a) rep-
resents the regression and the gray shaded region represents the
confidence interval for the regression
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size on δ13C values (β1 = 0.006, SE = 0.001, p <

0.05; Fig. 2). However, no significant effect of size
was found on δ15N values (β1 < 0.0001, SE< 0.0001
p = 0.28).

Multivariate analysis of trophic niche position
found a significant difference in niche position
between immature and mature male A. felis (ED =
0.8627‰, p = 0.02) and between immature and
mature female A. felis (ED = 1.0726‰, p = 0.02).
There was no difference in trophic niche position
(ED = 0.2192‰, p = 0.91) between mature male
and mature female A. felis. ANOVA of trophic niche
position of δ13C values showed a significant differ-
ence between groups (F = 6.701, df = 1, p =
0.01). Tukey Honest Significant Difference pairwise
tests (Midway et al. 2020) found that immature fish
δ13C values were 1.1‰ lower than adult males (p =
0.02) and 0.9‰ lower than adult females (p = 0.02).
ANOVA for the response δ15N values showed no sig-
nificant difference between groups (F = 0.046, df =
1, p = 0.83; Table 1).

Trophic niche width

Frequentist, multivariate analysis of δ13C and δ15N
values between immature, mature male, and mature
female A. felis groups showed a small, but significant
(absolute) difference in trophic niche width between
immature and mature males (MDCimmature −
MDCmale = 0.5090‰, p = 0.01) as well
as a small, but significant difference in trophic
niche width between immature and mature females
(MDCimmature − MDCf emale = 0.6169‰, p <

0.01). However, there was no significant difference in

trophic niche width between mature male and mature
female A. felis (MDCmale−MDCf emale = 0.1079‰,
p = 0.668). Our second proxy of niche width (SEAb)
did not differ among immature, mature male, and
mature female A. felis (all PP < 0.95, Table 1). Sim-
ilarly, univariate analysis of homogeneity of variance
using Bartlett’s test found no significant difference
in δ13C values between groups (χ2 = 5.01, df=2,
p = 0.08) or δ15N values between groups (χ2 = 4.47,
df=2, p = 0.11).

Trophic niche overlap

The trophic niche of immature individuals overlaps
with the trophic niche of mature male A. felis by
74% (95% CI = 57–89%). Immature A. felis trophic
niche overlap with mature female trophic niche by
80% (95% CI = 67–92%). The mature male trophic
niche and mature female trophic niche overlap with
the trophic niche of immature A. felis by 93% (95%
CI = 83–99%) and 92% (95% CI = 81–99%) respec-
tively. Mature male trophic niche overlaps with mature
female trophic niche by 93% (95% CI = 84–99%),
while the mature female trophic niche overlaps with
the trophic niche of mature males by 89% (95% CI =
74–97%; Fig. 3).

Trophic position and basal carbon sources

Bayesian analysis of trophic position estimated a
median trophic position of 2.75 for immature A. felis.
Estimates of median trophic position of mature male
and mature female A. felis are 2.74 and 2.72 respec-
tively. Credible intervals for all three groups overlap

Table 1 Sample size (n), total length (mm) range, δ13C and δ15N means, standard ellipse areas (SEAb), trophic position, and α and
broken down by immature, mature male, and mature female A. felis included in this study

Metric Immature Male Female

sample size (n) 53 28 45

Total length (mm) 46–247 193–390 201–432

δ13C‰ ± SD −21.3 ± 1.4 −20.2 ± 2.0 −20.4 ± 1.8

δ15N‰ ± SD 12.7 ± 1.0 12.5 ± 1.4 12.6 ± 1.4

SEAbb‰2 [95% CI] 5.8 [3.8,8.2] 6.4 [4.6,8.3] 4.4 [3.2,5.7]

Trophic position [95% CI] 2.75 [2.59,2.92] 2.74 [2.56,2.94] 2.72 [2.51,2.95]

α [95% CI] 0.99 [0.96,1.00] 0.96 [0.89,1.00] 0.94 [0.84,1.00]

Uncertainty is included in the form of standard deviation (SD) or 95% credible interval (95% CI)
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Fig. 3 Bivariate δ13C and δ15N values plotted with 95% stan-
dard ellipses for A. felis (with colors following those presented
in Fig. 2). Centroid means are represented by open circles
bisected by solid crosshairs

at 95% and all PP < 0.95, indicating that trophic posi-
tion was similar among groups (Table 1). The median
α for immature A. felis is estimated at 0.99. Median α

for male A. felis is estimated as 0.96 and median α for
female A. felis is estimated as 0.94. Similarly, there is
no significant difference in α among groups (all PP <

0.95) with 95% credible intervals overlapping among
immature, mature male, and mature female A. felis
(Table 1).

Discussion

What coastal fishes eat and the habitats they use are
important factors influencing how these fishes inter-
act with coastal ecosystems. Describing the trophic
niche of a coastal fish species begins to elucidate
the complicated nature of these interactions (Werner
and Gilliam 1984) allowing for more effective ecosys-
tem and fisheries management. Differences in δ15N
and δ13C values can be used to describe trophic posi-
tion or shifts (Peterson and Fry 1987; Minagawa
and Wada 1984) and habitat or resource use (Peter-
son and Fry 1987; France and Peters 1997), respec-
tively. Examining ontogenetic shifts through simulta-
neous analysis of trophic position (δ15N values) and

habitat use (δ13C values) allows for a more quan-
titative understanding of the ecosystem role of fish
species (Hammerschlag-Peyer et al. 2011). Entering
this study, we expected fish to fit into one of four pos-
sible trophic niche scenarios: (1) no trophic niche shift
or expansion/contraction, (2) trophic niche expansion,
but no niche shift, (3) trophic niche shift, or (4) both
a trophic niche shift and expansion (Hammerschlag-
Peyer et al. 2011).

We found mixed statistical results when testing for
possible trophic niche shifts with ontogeny in A. felis
in coastal Louisiana. First, we found a positive rela-
tionship with body size (TL) and muscle tissue δ13C,
but not δ15N values. In addition, while the multivari-
ate, frequentist proxy of trophic niche position (ED)
differed between immature and mature fish, univari-
ate analysis identified differences in δ13C values, but
not δ15N values, as the proximate cause. These results
suggest no change in the trophic position of A. felis
with ontogeny, but rather a possible shift in basal car-
bon sources between ontogenetic groups. However,
the differences in δ13C values found between imma-
ture and mature A. felis were small (∼ 1.0‰) relative
to the range of basal carbon sources found in their
environment. For example, in estuarine environments,
δ13C values of consumers are largely influenced by
suspended particulate organic matter such as phyto-
plankton (−21.5 ± 0.8‰) and C4 plants (−14.5 ±
0.3‰), with C3 plants (−28.6 ± 1.3‰) having a
lesser impact (Peterson et al. 1985; Peterson and Fry
1987; Nelson et al. 2019). In our study, A. felis and
basal resources (i.e., POM and C4) were collected in
the same season (June–September) and region (Ter-
rebonne Bay basin) but different years (2016 vs.
2018). If the stable isotope values of these two basal
resources differed between these two years, they could
impact our median estimates of trophic position and/or
basal carbon source use in A. felis. However, if such
interannual variation occurred, it would not alter the
results of our relative comparisons of trophic position
and basal carbon source use among adult and imma-
ture A. felis. Specifically, in addition to finding no
significant differences in calculated trophic position
among groups, the predicted use of aquatic (POM) vs.
terrestrial (C4 plants) basal carbon sources also did not
differ among immature and mature A. felis (Table 1).
In combination, these results suggest a general stabil-
ity with ontogeny in the trophic niche position of A.
felis in coastal Louisiana, at least over the transition
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to maturity during the season examined here. Even
so, given the observed relationship between TL and
muscle tissue δ13C, it maybe be worthwhile in future
studies to examine this question over multiple seasons
using a broader size range of A. felis that includes indi-
viduals near this species’ maximum body size (>400
mm; Flinn et al. 2019).

We also found little support for a trophic niche
expansion or contraction with ontogeny in A. felis in
coastal Louisiana. Specifically, while the multivariate,
frequentist proxy of trophic niche width (MDC) indi-
cated small, but significant differences among imma-
ture and mature A. felis, subsequent univariate analy-
ses (Bartlett’s test) found no differences in the degree
of variation in δ13C and δ15N with ontogeny. In addi-
tion, our Bayesian proxy of trophic niche width SEAb

did not differ among immature, mature male, and
mature female A. felis (Table 1). Similarly, the degree
of niche overlap among immature and mature fish
was constantly high (74–93%) and 95% credibility
intervals around niche overlap estimates overlapped
among all comparisons. Finally, 95% credibility inter-
vals around median estimates of trophic position and
the relative use of aquatic vs. terrestrial basal car-
bon sources (α) were broadly similar. In combination,
these results suggest a general stability in the trophic
niche width of A. felis over the transition to matu-
rity. Given these findings A. felis in coastal Louisiana
most likely fall under the first of the four possible
ontogenetic scenarios: no trophic niche shift or expan-
sion/contraction (i.e., fish diet or basal resource use
does not appreciably change with ontogeny).

There are a variety of non-dietary factors which
could influence A. felis isotopic signatures. Gen-
erally, white muscle tissue is thought to have a
turnover rate measured in weeks to months (Win-
ter et al. 2019; Busst and Britton 2018). As paternal
mouthbrooders, the timing of our A. felis subsam-
ple (July–August) could produce male stable isotope
values influenced by fasting during mouthbrooding.
The influence of fasting on male stable isotope values
could mask potential differences between either males
and females or males and immature individuals. Simi-
larly, mature A. felis of both sexes are thought to move
offshore in the winter months (Muncy and Wingo
1983). It is unclear whether juvenile A. felis exhibit
this same behavior, which potentially introduces a sea-
sonal isotopic difference driven by ontogeny. While

we attempted to control for as many non-dietary fac-
tors as possible that may influence the stable isotope
values of A. felis white muscle, we cannot definitely
say none of these factors mask possible ontogenetic
differences in A. felis trophic niche position, width,
or overlap. Seasonal effects on stable isotopes in A.
felis have been reported elsewhere in Gulf of Mexico
estuaries (Olin et al. 2012), and the same study also
reported very similar δ13C and δ15N values to what we
observed.

A. felis are considered estuarine generalist feeders
(Muncy and Wingo 1983; Merriman 1940) and, based
on our results, there does not appear to be a meaning-
ful ontogenetic shift in this feeding pattern between
immature and mature fish. A. felis are likely using sim-
ilar habitats and eating similar prey items regardless
of size or maturity status. The 95% CI of calculated
trophic positions for A. felis in this study were slightly
lower than the estimation from FishBase using the
TROPH routine (trophic position = 3.0; Froese and
Pauly 2000). This may be due to the use of primary
producer (trophic position = 1) stable isotope values
as opposed to representative aquatic and terrestrial pri-
mary consumers (trophic position = 2) as basal sources
for the Bayesian model and/or an artifact of the spe-
cific trophic discrimination factors employed (Post
2002; Quezada-Romegialli et al. 2018a). The δ13C
values observed in this study suggest that A. felis rely
on a wide range of food resources primarily derived
from water column production as opposed to marsh
grass production (Nelson et al. 2019). Such generalist
feeding and habitat patterns use could partially explain
the apparent mismatch between A. felis life history and
abundance, whereby their low fecundity and relatively
high abundance are not well understood.

Many organisms undergo ontogenetic trophic niche
shifts, especially when transitioning from larvae to
juvenile or juvenile to adult (Werner and Gilliam
1984). However, A. felis does not appear to undergo
such an ontogenetic trophic niche shift in coastal
Louisiana. A. felis sampled for this study ranged from
46-mm TL to 432-mm TL, an increase of nearly a
factor of ten, while mass varied by nearly a factor of
100 (0.723 to 690 g). It seems counterintuitive that a
species exhibiting such a wide range in body size does
not shift its trophic position as body size increases.
Theoretically, immature fish could have large enough
mouths (i.e., gape width) that prey size for imma-
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ture A. felis is not limited by mouth size—leading
to similar stable isotope values for immature and
mature groups. However, horizontal mouth gape of A.
felis appears comparable to many other marine fishes
(Scharf et al. 2000), and as such mouth gape seems an
unlikely explanation for the similar isotope signatures
of immature and mature A. felis.

A. felis have stable isotope values similar to
other large-bodied, estuarine-dependent fishes such
as Sciaenops ocellatus (Red Drum), Paralichthys
lethostigma (Southern Flounder), Pogonias cromis
(Black Drum), and Cynoscion nebulosus (Spotted
Seatrout) (Fig. 4). The range of δ13C values in A. felis
does not overlap with that of S. ocellatus, but does
overlap with the three other species, while the δ15N
values of all five species overlap (Winemiller et al.
2007). One caveat is that fish δ13C values in Wine-
miller et al. (2007) were not normalized to account
for lipid content which has the potential to lower
δ13C values (Post et al. 2007). Even so, amount of
overlap in stable isotope values supports evidence
(Olin et al. 2012; Walters et al. 2008) that A. felis
has the potential to compete for prey items with
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Fig. 4 A comparison of mean δ13C and δ15N stable isotope
values plus standard deviation for A. felis and four other estu-
arine predators common to the Gulf of Mexico. Values for A.
felis come from this study while all other values are fromWine-
miller et al. (2007). A. felis stable isotope values overlap with all
other species except for the δ13C values of S. ocellatus, though
S. ocellatus stable isotope values overlap with C. nebulosus, P.
lethostigma, and P. cromis

other, more commercially desirable estuarine fishes.
Competition for resources is an important factor to
consider when examining ecosystem level interac-
tions and modeling (Walters et al. 2008). As such,
A. felis trophic niche, abundance, and their effect
on other estuarine fishes are important factors in the
management of healthy fish populations and coastal
ecosystems.

A. felis is an important mesopredator in the Gulf
of Mexico (Walters et al. 2008) and they eat varied
prey items throughout their lifetime. Mature A. felis
use a variety of coastal and marine habitats, which,
especially when combined with localized abundance,
likely make A. felis an important vector in the trans-
fer of energy across ecosystem boundaries as both
predator and prey. In fact, A. felis may have an out-
sized influence on ecosystem connectivity in coastal
Louisiana due to their local abundance. Lack of fish-
ing pressure plus the consumption of a wide variety
of prey items independent of ontogeny could possi-
bly explain the apparent mismatch between A. felis
life history traits and abundance that was mentioned
earlier. However, as previously discussed, A. felis life
history traits suggest potential vulnerability to stres-
sors such as overfishing or disease. A decrease in A.
felis abundance—such as the substantial decline seen
in South Carolina beginning in the early 1990s (Bal-
lenger 2018)—could decouple an important trophic
link between coastal ecosystems if that same decline
were to occur in the Gulf of Mexico. Historic catch
data in South Carolina could provide insight into the
implications of the removal of an abundant meso-
predator from coastal ecosystems. This study repre-
sents an important first step in understanding A. felis
trophic niche in coastal Louisiana.
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