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ARTICLE
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Seatrout among Six Florida Estuaries
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College of Marine Science, University of South Florida, 140 7th Avenue South, St. Petersburg, Florida 33701, USA; and
Florida Fish and Wildlife Conservation Commission, Fish and Wildlife Research Institute, 100 8th Avenue Southeast,
St. Petersburg, Florida 33701, USA
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St. Petersburg, Florida 33701, USA

Ernst Peebles and Steven A. Murawski
College of Marine Science, University of South Florida, 140 7th Avenue South, St. Petersburg, Florida 33701, USA

Abstract

Spotted Seatrout Cynoscion nebulosus in Florida, USA, are managed under four geographical regions, including
Apalachicola Bay and Cedar Key (northwest region), Tampa Bay and Charlotte Harbor (southwest region), northeast
Florida (northeast region), and the northern Indian River Lagoon (southeast region). Two of these management
regions are composed of more than one major estuary system (northwest and southwest regions). However, previous
life history research suggests that the management regions do not accurately reﬂect the unique biological populations
of Spotted Seatrout in Florida. Our objective was to determine (1) whether there is signiﬁcant spatial variation in size
structure, the age–length relationship, and recruitment patterns among populations of Spotted Seatrout in Florida;
and (2) whether there is agreement in these life history parameters among estuary populations comprising individual
management regions. We used long-term ﬁshery-independent and ﬁshery-dependent data sets on recruitment, age, and
size structure among six estuaries and the four management regions. Young-of-the-year recruitment patterns and the
length-at-age relationship over all ages differed signiﬁcantly among estuarine populations and within management
regions. Additionally, all estuaries differed signiﬁcantly in length distributions of Spotted Seatrout caught by the
recreational ﬁshery. Our results highlight the need to understand the relative contributions of estuary-speciﬁc data to
regional assessment models if the four-region boundary scheme for Florida is continued. Moreover, as variation in
growth and recruitment among estuaries likely reﬂects estuary-speciﬁc environmental conditions, we suggest that
environmental variables be considered in future assessments and management of this recreationally valuable species.
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The Spotted Seatrout Cynoscion nebulosus is an estuarine ﬁsh ranging from Massachusetts, USA, to the Bay of
Campeche, Mexico (Brown-Peterson and Thomas 1988).
Spotted Seatrout are highly abundant in the northern Gulf
of Mexico, where they currently support an important
inshore recreational ﬁshery (Bedee et al. 2003; Gold et al.
2003). A large commercial ﬁshery for Spotted Seatrout
existed in Florida from the 1950s through the 1970s, with
maximum landings of nearly 1,500 metric tons. Commercial trips declined dramatically during the 1980s, however,
as the Spotted Seatrout ﬁshery transitioned toward the
recreational sector (Murphy et al. 2011). A State of Florida constitutional ban on entangling nets in 1995 and
stricter regulations reduced the recreational catch of Spotted Seatrout from 3.2 million ﬁsh to the current annual
average (1996–present) of 2.6 million (Murphy et al.
2011). Nevertheless, it remains one of the most valuable
recreational ﬁsheries in the state (Murphy et al. 2011).
Age-structured quantitative population analyses of
Spotted Seatrout in Florida have been conducted since
1995 under a management scheme consisting of four geographical management regions (Figure 1). The northeast
region extends from Nassau County south through Flagler
County and includes the northeast Florida estuaries of the
St. Marys, Nassau, and St. Johns rivers. The southeast
region spans from Volusia County south through MiamiDade County and includes the northern and southern

FIGURE 1. Major estuaries in Florida that are continuously monitored
with stratiﬁed random sampling by the Fisheries-Independent Monitoring
group at the Florida Fish and Wildlife Research Institute. Statedesignated management regions for Spotted Seatrout are indicated by a
four-tier shading system. Major estuaries are Apalachicola Bay
(W1_AP), Cedar Key (W2_CK), Tampa Bay (W3_TB), Charlotte
Harbor (W4_CH), northeast Florida (E1_JX), and northern Indian River
Lagoon (E2_IR).

portions of the Indian River Lagoon. The northwest
region extends from Escambia County south through
Pasco County and includes the estuaries of Pensacola,
Santa Rosa Sound, Choctawhatchee Bay, Apalachicola
Bay, Big Bend, and Cedar Key. The southwest region
extends from Pinellas County through Monroe County
and includes Tampa Bay, Sarasota Bay, Charlotte Harbor, and Florida Bay (Murphy et al. 2011; Figure 1).
Research indicates that life history characteristics are
heterogeneous among estuarine populations of Spotted
Seatrout in Florida and between populations within the
same management region. For example, Murphy and Taylor (1994) found differences in growth between Spotted
Seatrout populations in Charlotte Harbor and Tampa
Bay, both in the southwest region. Additionally, DeVries
et al. (2003) and Murphy and McMichael (2003) found
differences in growth patterns among several estuaries in
Florida, also within the same management region. BrownPeterson (2003), Kupschus (2004), and Nelson and Lefﬂer
(2001) concluded that reproductive timing varied spatially
and temporally among most Florida populations. Such
discrepancies in life history parameters between estuaries
in the same management regions suggest that mismatches
may exist between the management regions and the unit
stocks of Spotted Seatrout.
While spatial variation in growth and reproduction
may be explained by genetic differences and differential
ﬁshing pressure, such variation may also result from the
direct inﬂuence of environmental conditions during different life stages or among estuarine systems (Bedee et al.
2003; Kupschus 2004). Variable growth can lead to variation in reproductive capacity and overall stock productivity (Houde 1989). This could be particularly problematic
if populations with different productivities are grouped in
the same management region. The assessments assume
homogeneous life history characteristics in each management region, even though they comprise multiple, relatively isolated populations of Spotted Seatrout that appear
largely conﬁned to their natal estuary for their lifetime,
moving only in response to highly anomalous salinity or
temperature conditions (Baker and Matlock 1993; Helser
et al. 1993; Wiley and Chapman 2003). Such variation
should be quantiﬁed, as it can have signiﬁcant implications for management. Although periodic stock
assessments of Spotted Seatrout attempt to quantify stockspeciﬁc production, under the current management
scheme, observations of age, length, and recruitment are
combined to create estimates of growth, age–length keys
(ALKs), and young-of-the-year (age 0) abundance indices
for the entire region. This could be particularly problematic for quantitative population analyses of stocks in the
northwest and southwest management regions, each of
which encompasses multiple estuaries. Thus, regional estimates of productivity and spawning stock biomass that
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inform ﬁsheries management reference points can be misleading or biased, especially when several closed populations that respond differently to ﬁshing or environmental
conditions are modeled together (Hilborn and Walters
1992; Begg et al. 1999; Gerritsen et al. 2006), which
appears to be the case for Spotted Seatrout.
The objective of this study was to examine spatial
variability in the age structure, size structure, growth,
and recruitment of Spotted Seatrout estuarine populations in Florida using new age, length, and survey data,
with the goal of evaluating potential mismatches when
pooling estuaries within management regions. We tested
the null hypotheses that there were no signiﬁcant differences in ALKs, von Bertalanffy growth function (VBGF)
parameters, age frequency distributions, and length frequency distributions among six estuary populations in
the four management regions. We also tested the null
hypothesis that there was no signiﬁcant spatial covariation in age-0 abundance among the six estuaries. By analyzing data components used as input parameters in
assessment models, we sought to gain better insight into
the most appropriate regional management boundaries
that best reﬂect the unique biological populations of
Spotted Seatrout.

METHODS
Data
Age-0 abundance indices, VBGF parameters, and
ALKs for Spotted Seatrout were estimated and assembled,
respectively, using data collected by the Fisheries-Independent Monitoring (FIM) program of the Florida Fish and
Wildlife Conservation Commission’s (FWC) Fish and
Wildlife Research Institute (FWRI; FWRI 2016). Using
multiple gear types and stratiﬁed random sampling (SRS),
the FIM program collects biological data, including biometric measurements and otoliths, from randomly selected
ﬁshes. The data from these sampling efforts are used to
inform subsequent analyses of habitat, distribution, and
age and growth of important Florida ﬁshes (FWRI 2016).
The FIM program routinely monitors six estuaries: (1) the
Jacksonville area of northeast Florida (E1_JX), which
includes the St. Marys River, Cumberland Sound, the
Nassau River and Sound, and the St. Johns River; (2) the
northern (Mosquito Lagoon through Sebastian Inlet) and
southern (Vero Beach to Jupiter Inlet) portions of the
Indian River Lagoon (E2_IR); (3) Apalachicola Bay
(W1_AP); (4) Cedar Key (W2_CK); (5) Tampa Bay
(W3_TB); and (6) Charlotte Harbor (W4_CH; Figure 1).
Monthly sampling for age-0 and juvenile ﬁshes was initiated in Tampa Bay and Charlotte Harbor during 1989
using 21.3-m bag seines. Sampling for age-0 and juvenile
ﬁshes expanded to the northern region of the Indian River

Lagoon in 1990, Cedar Key in 1996, Apalachicola Bay in
1998, and northeast Florida in 2001. In 1996, the FIM program began monitoring larger ﬁsh, including juvenile and
adult Spotted Seatrout, by use of 183-m haul seines (FWRI
2016; Table 1). Due to the extensive time frame and sampling frequency at which the SRS occurs, data from the six
estuaries (Figure 1) were used for this study, with one
exception. Data from the southern portion of the Indian
River Lagoon were excluded due to limited age and length
data for Spotted Seatrout and because the southern Indian
River Lagoon is not sampled with the 21.3-m seine, precluding estimation of an age-0 abundance index for that
estuary. The FIM program also samples Sarasota Bay,
Estero Bay, and Florida Bay, but age and length data from
those areas were extremely sparse in certain years, and
overall sample size did not meet the minimum requirements
(i.e., there were fewer than 5 observations per age- or
length-bin) for some of our analyses.
Fishery-dependent data were also used to examine variability in Spotted Seatrout populations to complement the
ﬁshery-independent data described above. Length observations of Spotted Seatrout targeted by the recreational ﬁshery (Rec) were obtained from the Marine Recreational
Fisheries Statistics Survey (MRFSS) for ﬁshing years
2000–2003 and from the Marine Recreational Information
Program (MRIP) for ﬁshing years 2004–2015 (NMFS
2013). Although length frequency data for Spotted Seatrout are available for years before 2000, inclusion of those
earlier data in the analyses might have biased length estimates because state regulations changed the catch and
length slot limits in July 2000 (Murphy et al. 2011).
Length data were stratiﬁed using the “county of encounter” variable in the survey data sets to obtain length frequency distributions associated with the major estuaries.
Counties were assigned as follows: Escambia through Taylor counties were assigned to Apalachicola Bay; Dixie
through Citrus counties to Cedar Key; Hernando through
Manatee counties to Tampa Bay; Sarasota through
TABLE 1. Major sampling estuaries of the Florida Fish and Wildlife
Conservation Commission’s Fisheries-Independent Monitoring program.
Estuary codes are provided in parentheses.

Estuary (code)
Apalachicola Bay (W1_AP)
Cedar Key (W2_CK)
Tampa Bay (W3_TB)
Charlotte Harbor (W4_CH)
Northeast Florida (E1_JX)
Indian River Lagoon (E2_IR)

Inception of
sampling
(age 0/adult)
1998/1998
1996/1997
1989/1996
1989/1996
2001/2001
1990/1997

Peak Spotted
Seatrout
recruitment
months
Jun–Oct
May–Nov
Apr–Oct
Apr–Oct
May–Nov
May–Nov
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Monroe counties to Charlotte Harbor; Nassau through
Flagler counties to northeast Florida; and Volusia through
Miami-Dade counties to the northern Indian River
Lagoon. Because the MRFSS and MRIP sampling programs do not collect otoliths or gonadal tissue, there are
no age or sex ratio data to complement length observations. Thus, analyses of ﬁshery-dependent data were limited to size structure.
Statistical Analyses
Age and length.— All statistical analyses were performed
using R version 3.4.1. Estuary-speciﬁc ALKs and VBGFs
(von Bertalanffy 1938) were developed using age and TL
data from the FIM data set. Age and length were treated as
categorical variables, and the length data were categorized
in 2-cm bins. The ALKs were compared using a multinomial logistic regression model of the following form:
A ∼ L þ S;

(1)

where A is the predicted age distribution in length-bin L
within stratum S (here, stratum is estuary; Gerritsen et al.
2006). Likelihood ratio tests were performed using the
FSA package in R to determine whether age-speciﬁc
length distributions differed signiﬁcantly among estuaries
(Kimura 1980; Ogle 2016a). Chi-square tests were conducted to determine whether the age and length distributions differed among estuaries, and two-way ANOVA was
used to compare mean age and length among estuaries
and between sexes. Pairwise comparisons were performed
using post hoc Tukey’s tests.
The VBGFs for each estuary were also estimated using
the FSA package in R (Ogle 2016a),
h
i
Lt ¼ L1 1  ekðtt0 Þ ;
(2)
where Lt is estimated length at age t; L∞ is average maximum length; k is the growth coefﬁcient; and t0 is the theoretical age of the ﬁsh at zero length.
Measurements of Spotted Seatrout daily growth
between ages 0 and 1 were used as supplementary data for
all estuaries, and the data were weighted based on the
inverse of the sample size of each age-bin to overcome
model convergence issues (McMichael and Peters 1989; J.
O’Hop, FWRI, personal communication). Conﬁdence
intervals for the parameters were computed using bootstrap methods. Nested growth models were evaluated with
likelihood ratio tests to afford comparison of the individual growth parameters (L1 and k) among pairs of estuaries (see Ogle 2016b [his Table 12.1] for a list of the nested
models). The t0 parameter was not compared between
pairs of estuaries because the origin of each estuary-speciﬁc growth curve was informed with the same set of juvenile growth data. Akaike’s information criterion (AIC)

was also used to evaluate parsimony among the nested
models (Burnham and Anderson 2002; Ogle 2016b).
Growth models in which t0 was ﬁxed at 0 were also ﬁtted
to the data to explore differences in estimated parameters
(the supplementary juvenile age and length data were not
used in this scenario).
The FL measurements reported from the MRFSS and
MRIP were converted to TLs to be consistent with the
ﬁshery-independent length observations (Murphy et al.
2011):
TL ¼ ð1:00467  FLÞ þ 0:0485:

(3)

Total length measurements were categorized in 5-cm bins.
The Kolmogorov–Smirnov two-sample test (K–S test) was
implemented with the “Matching” package in R to compare
the empirical cumulative distribution functions of TL and
to test for differences among estuary-speciﬁc length frequency distributions (Sekhon 2011; Hollander et al. 2014).
A chi-square test was also used to compare length frequency
distributions and to validate results of the K–S test (Neumann and Allen 2007). Because the chi-square test fails in
instances with fewer than ﬁve observations per length-bin,
there were too few observations in most length-bins outside
of the current recreational slot limit to allow for a chisquare test. Thus, TL observations less than 30 cm and
greater than 65 cm were excluded from the analysis (Murphy et al. 2011; Ogle 2016b). A one-way ANOVA was used
to compare mean age of individuals among estuaries. Pairwise comparisons were performed using post hoc Tukey’s
tests.
Abundance indices.— The FIM catch data were stratiﬁed
by age-0 and adult catch before estuary-speciﬁc abundance
indices were created. Age-0 Spotted Seatrout were deﬁned
as those no larger than 100 mm SL; spawners (adults) were
deﬁned as ﬁsh greater than 200 mm SL (Murphy et al.
2006). Additionally, age-0 abundance indices were calculated using only total catch and effort data collected during
the peak recruitment window with only the 21.3-m bag
seine for each estuary to ensure that older year-classes were
not included in the estimates. Peak recruitment window
was assigned based on the results of previous studies of
reproductive timing in Spotted Seatrout (Table 1; Saucier
et al. 1992; Nelson and Lefﬂer 2001; Kupschus 2004; Lowerre-Barbieri et al. 2009; FWRI 2016). Adult abundance
indices were calculated using total catch and effort data
collected year-round with the 183-m haul seine.
Annual abundance indices (average number of ﬁsh per
haul per year) were estimated with generalized linear models (GLMs). Covariates likely to affect gear efﬁciency or ﬁsh
vulnerability were included in each estuary-speciﬁc GLM
(M. Murphy, FWRI, personal communication). Each
model evaluated ﬁve possible covariates, including shoreline
type (terrestrial, emergent, or structural), bottom type
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(mud/sand or structure), and bottom vegetation type (no
vegetation; or presence of submerged aquatic vegetation)
recorded at each sampling haul in addition to the year and
month of the haul. Each covariate was treated as a categorical variable. To produce abundance indices, the response
data (number of Spotted Seatrout observed per haul) were
modeled with the Poisson distribution; however, preliminary results suggested overdispersion, and model diagnostics suggested a poor ﬁt. Therefore, the data were also
modeled with the negative binomial distribution as well as
the zero-inﬂated versions of the Poisson (ZIP) and negative
binomial (ZINB) distributions by using the “pscl” package
in R (Zeileis et al. 2008; Zuur et al. 2009). The ZIP and
ZINB distribution structures model encounter probability
with a binomial distribution and logit-link function. In the
zero-inﬂated method, a percentage of the zeros in the
encounter probability data set (presence–absence) is added
into the positive catch rate data (nonzero positive data),
and the resulting data set is modeled with a standard Poisson or negative binomial distribution (Zuur et al. 2009).
These distributions better account for the disproportionate
number of zeros common to count data (Zuur et al. 2009).
Stepwise backward selection was performed to identify
covariates that explained the greatest portion of total
deviance, and likelihood ratio testing (a = 0.05) and information-criterion-based model selection (i.e., AIC) were
used to evaluate parsimony among the negative binomial,
ZIP, and ZINB models (Zuur et al. 2009). Pearson’s dispersion statistic (φ) was used to assess over- or under-dispersion based on a rough guideline proposed by Bilder
and Loughin (2014), where the dispersion statistic was
measured against its SD, given overall model degrees of
freedom (Hilbe and Robinson 2013). Least-squares mean
procedures were applied to the predicted abundance data
using the “lsmeans” package in R to produce a covariateadjusted mean value of abundance (Lenth 2016). Finally,
bootstrap resampling (1,000 replicates) was performed to
obtain uncertainty estimates around each index.
Indices of adult abundance were developed in the same
manner to assess density-dependent effects of adult Spotted Seatrout abundance on age-0 production. This effect
was accounted for by ﬁtting Beverton–Holt and Ricker
stock–recruitment models with multiplicative errors to the
log-transformed adult and age-0 abundance indices (Hilborn and Walters 1992), but none of the stock–recruitment curves signiﬁcantly ﬁt the relationship between adult
and age-0 abundance, and the ﬁt to the data was poor for
all populations modeled. Thus, there will be no further
discussion pertaining to adult abundance.
Spatial covariation.— Time series of age-0 abundance
were tested for within-series autocorrelation using the R
package “astsa” before correlation testing (Stoffer 2014).
Analyses of correlation between estuary-speciﬁc age-0
abundance indices were performed using Pearson’s
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product-moment correlation for pairwise comparison
using the “Hmisc” package in R (Harrell and Dupont
2016). Because all of the time series exhibited autoregressive properties typical of autocorrelation of at least a 1year lag, the correlation results were adjusted using the
modiﬁed Chelton method (Peterman et al. 1998). The
resulting P-values were adjusted for multiple comparisons
by using the Bonferroni correction. We note that the limited length of the abundance indices precluded exploration
of temporal variability in correlation.
The spatial scale of correlation was estimated by determining the rate of decay in correlation as a function of
distance (Myers et al. 1997; Peterman et al. 1998; Pyper
et al. 2001; Mueter et al. 2002). The relationship of correlation and distance between pairs of estuaries was modeled
using a nonlinear least-squares exponential covariance
function (Myers et al. 1997) weighted by the number of
years each index had in common:
ρðdÞ ¼ ρ0 ed =v;

(4)

where ρ0 is the estimated correlation between indices when
the geographical distance between pairs of estuaries is
zero; v is the estimated e-folding scale (or the point at
which the correlation is reduced to a proportion of its
value at no geographical separation; Pyper et al. 2001);
and d is the great circle distance (GCD) between pairs of
estuaries. A second form of equation (4) in which ρ0 was
constrained (ρ0 ¼ 1Þ was also ﬁtted to the data to test an
alternative model type. The GCD between each pair of
estuaries was calculated using estuary-speciﬁc medoids
and the “geosphere” package in R (Hijmans 2015). For
each estuary, the medoid was calculated from the GPS
coordinates of all spatially distinct hauls in the estuary by
using the “cluster” package in R (Maechler et al. 2016).
Great circle distance was chosen because it is most appropriate for exploring the inﬂuence of geographically largescale climate phenomena that may be similarly affecting
Spotted Seatrout populations statewide. There may be
other, more local factors (e.g., habitat characteristics, currents, and tides) that differentially inﬂuence Spotted Seatrout populations, and the choice of GCD would not
extend to exploration of those factors. However, because
the primary goal of this analysis was to explore possible
covariance in recruitment indices due to large-scale environmental factors, we deemed GCD sufﬁcient.

RESULTS
Age and Length
In total, 8,796 age and length observations collected by
the FIM program from 1992 through 2015 were used to
analyze estuary-speciﬁc length-at-age relationships for
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Spotted Seatrout. The age distribution of Spotted Seatrout
among all six Florida estuaries ranged from 0 to 10 years,
although only 13 ﬁsh older than 8 years were observed over
the 24 sampling years. Across estuaries, 2-year-old ﬁsh were
most frequent. Mean age differed signiﬁcantly among some
estuaries (F5 = 72.26, P < 0.001). Results of post hoc
Tukey’s test indicated that the mean age of Spotted Seatrout (combined sexes) in Tampa Bay was not signiﬁcantly
different from the mean age of ﬁsh in Apalachicola Bay,
Charlotte Harbor, or the northern Indian River Lagoon
(Figure 2). Additionally, the mean age (combined sexes) of
Spotted Seatrout in Apalachicola Bay was not signiﬁcantly
different from that of ﬁsh in Charlotte Harbor or the northern Indian River Lagoon, and the mean age (combined

FIGURE 2. Crossbar plot of the mean age (95% conﬁdence interval
[CI]) of Spotted Seatrout in Florida, evaluated using ﬁsheries-independent
sampling data from the Florida Fish and Wildlife Research Institute.
Mean age is represented by the bold center horizontal line; the 95% CI is
represented by the upper and lower horizontal lines. Mean age is
presented for combined sexes (top panel) and by sex (bottom panel) for
each major estuary population (estuary codes are deﬁned in Figure 1).
Identiﬁers “a” and “b” in the top panel indicate similar groups in terms
of mean age.

sexes) of Spotted Seatrout in Cedar Key was not signiﬁcantly different from that of ﬁsh in northeast Florida
(Figure 2). Mean age was signiﬁcantly different between
sexes in each estuary (F1 = 40.85, P < 0.001) except Apalachicola Bay, Cedar Key, and Charlotte Harbor (Figure 2).
Additionally, the age distribution was signiﬁcantly different
between almost all pairs of estuaries except in the comparison between Charlotte Harbor and the northern Indian
River Lagoon (χ2 = 9.95, P = 0.12).
Total length across all estuaries ranged from 7 to
75 cm, although Spotted Seatrout ranging from 30 to
45 cm TL were dominant. On average, the largest ﬁsh targeted by the FIM program and the recreational ﬁshery
were from Apalachicola Bay and the Indian River Lagoon
(Table 2; Figure 3). In contrast, Spotted Seatrout in
northeast Florida (E1_JX) were smallest, on average
(Table 2; Figure 3). Ranked based on observed maximum
length, Spotted Seatrout reached the largest sizes in the
Indian River Lagoon (maximum TL = 75.7 cm [FIM] and
78.4 cm [Rec]), followed by Apalachicola Bay (maximum
TL = 71.0 cm [FIM] and 75.2 cm [Rec]), and they
reached the smallest sizes in Cedar Key (maximum
TL = 64.5 cm [FIM] and 66.6 cm [Rec]; Table 2).
Mean TL differed signiﬁcantly among some estuaries
(F5 = 58.83, P < 0.001), with some exceptions. Results of
post hoc Tukey’s test indicated that the mean TL (combined sexes) of Spotted Seatrout in Charlotte Harbor was
not signiﬁcantly different from the mean TL for Tampa
Bay, Cedar Key, or the northern Indian River Lagoon.
Additionally, the mean TL of Spotted Seatrout in the
northern Indian River Lagoon was not signiﬁcantly different from those of ﬁsh in Tampa Bay and Cedar Key
(Figure 3). Mean TL differed signiﬁcantly between sexes
in all estuaries (F1 = 697.31, P < 0.001; Figure 3). Additionally, the length distribution of Spotted Seatrout was
signiﬁcantly different between all pairs of estuaries except
in the comparison between Charlotte Harbor and Cedar
Key (χ2 = 4.88, P = 0.97).
A highly signiﬁcant estuary effect was found for a
multinomial logistic model of length at age for both sexes,
which contained data for all six estuaries (χ2 = 1,498.86,
P < 0.001), and model reduction showed that size at age
was signiﬁcantly different among estuaries (Figure 4).
With the addition of the daily age and length data for
prerecruits and juveniles, the likelihood ratio tests and
AIC indicated that VBGF parameters were signiﬁcantly
different between pairs of estuaries (with some exceptions)
as well as between sexes within each estuary (Table 3;
Figure 4). Results of the likelihood ratio tests indicated
that estimates of L1 and k were not signiﬁcantly different
between Tampa Bay and northeast Florida and that estimated L1 was not signiﬁcantly different between Apalachicola Bay and Tampa Bay or between Apalachicola Bay
and northeast Florida. Furthermore, estimates of k were
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TABLE 2. Total sample numbers from the Fisheries-Independent Monitoring (FIM) program and recreational (Rec) data used to explore age (FIM
only) and TL (both data sets) of Spotted Seatrout populations in six Florida estuaries (codes are deﬁned in Table 1). Estuary-speciﬁc sex ratio and
maximum, median, and mean TLs (cm) are also reported.

Estuary
code

N (FIM; Rec)

W1_AP
W2_CK
W3_TB
W4_CH
E1_JX
E2_IR

1,255; 11,499
864; 6,838
1,874; 9,961
1,169; 5,917
868; 1,801
2,766; 3,407

Sex ratio (%)
(FIM [F, M])
77.7,
77.3,
62.5,
60.2,
57.1,
74.2,

22.3
22.7
37.5
39.8
42.9
25.8

Maximum
TL (FIM; Rec)
71.0;
64.5;
70.4;
64.7;
69.8;
75.7;

75.2
66.6
68.9
70.3
70.4
78.4

Median TL
(FIM; Rec)
39.3;
37.2;
37.0;
37.0;
33.5;
38.3;

41.2
41.3
42.3
42.2
40.9
43.2

Mean TL
(FIM; Rec)
40.4;
38.0;
38.5;
38.1;
34.3;
38.4;

42.5
42.4
43.4
43.1
42.4
45.1

not signiﬁcantly different between northeast Florida and
the Indian River Lagoon (Table 4). When supplemental
juvenile growth data were not included, the model failed
to converge for all estuaries except Apalachicola Bay.
Overall, 39,423 ﬁshery-dependent observations of length
from 2000 through 2015 were used to analyze the size structure of recreationally targeted Spotted Seatrout in Florida
(Table 2). The mean TL of recreationally targeted Spotted
Seatrout was signiﬁcantly different among all estuaries
(F5 = 315.3, P < 0.001), with some exceptions. Results of
post hoc Tukey’s test indicated that the mean TL of Spotted
Seatrout targeted in Cedar Key was not signiﬁcantly different from that of ﬁsh targeted in Apalachicola Bay or northeast Florida. Mean TL of Spotted Seatrout targeted in
northeast Florida was not signiﬁcantly different from that
of ﬁsh in Apalachicola Bay. Recreationally targeted Spotted Seatrout were, on average, largest in the northern
Indian River Lagoon (mean  SE = 45.1  0.12 cm TL)
and smallest in northeast Florida (42.4  0.12 cm TL),
Cedar Key (42.4  0.05 cm TL), and Apalachicola Bay
(42.5  0.15 cm TL; Table 2; Figure 5). Results of K–S
and chi-square testing indicated that the length distributions
were signiﬁcantly different among all pairwise comparisons
(K–S test: P < 0.001).

FIGURE 3. Crossbar plot of the mean TL (95% conﬁdence interval
[CI]) of Spotted Seatrout in Florida, evaluated using ﬁsheries-independent
sampling data from the Florida Fish and Wildlife Research Institute.
Mean TL is represented by the bold center horizontal line; the 95% CI is
represented by the upper and lower horizontal lines. Mean TL is
presented for combined sexes (top panel) and by sex (bottom panel) for
each major estuary population (estuary codes are deﬁned in Figure 1).
Identiﬁers “c,” “d,” and “e” in the top panel indicate similar groups in
terms of mean TL.

Age-0 Abundance and Spatial Covariation
Dispersion statistics and AIC indicated that the ZINB
distribution structure best modeled the variation in age-0
abundance data for all estuaries (Table 5). Year, month,
bottom vegetation type, bottom type, and shoreline type
signiﬁcantly inﬂuenced the total number of age-0 Spotted
Seatrout per haul (Table 5). Age-0 abundance varied in all
estuaries, and a few indices were marked by particularly
large deviations in recruitment; however, the uncertainty
around annual estimates was large, particularly for northeast Florida and Apalachicola Bay (Figure 6). The early to
middle 1990s were characterized by large deviations in age0 abundance in Charlotte Harbor and Tampa Bay. The
middle to late 2000s were characterized by smaller deviations in age-0 abundance, in general, for populations in
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FIGURE 4. Estimated growth curves ﬁtted to Spotted Seatrout age–length data for combined sexes, males, and females (top panel) and von
Bertalanffy growth function parameter estimates (bottom panel; k = growth coefﬁcient; L∞ [Linf] = average maximum length; t0 = theoretical age at
zero length; 95% conﬁdence interval) for six estuary populations in Florida (estuary codes are deﬁned in Figure 1). The raw age–length observations
in the top panel and the point estimates and error bars in the bottom panel have been jittered for clarity. Additionally, the age–length observations
for prerecruits and juveniles are depicted by the cloud of points near the origin in the top panel.

Tampa Bay and Apalachicola Bay. In contrast, recruitment
of age-0 Spotted Seatrout in the ﬁnal 4 years of the recruitment time series (2011–2015) was fairly stable, with no
large deviations, and annual estimates were more certain
(Figure 6). We computed 15 correlations among the six
age-0 abundance indices in relation to GCD, although
none of the correlations was signiﬁcant after using the
Bonferroni adjustment method for multiple comparisons
(Figure 7). There was no signiﬁcant difference between an
exponential covariance model ﬁtted to correlation values
among age-0 abundance indices and GCDs for which ρ0
was constrained to 1 and an exponential covariance model
for which ρ0 was estimated (F1 = 0.32, P = 0.57), so the
simpler model with ρ0 constrained was chosen to model the
relationship between correlation and GCD. In general,

recruitment indices from more closely spaced estuaries were
highly correlated, but the strength of the correlation
declined with increasing geographical distance and in some
cases became negative (Figure 7). The exponential covariance model estimated a spatial decorrelation scale of
136.87  26.66 km (mean  SE); that is, indices from
estuaries separated by less than 136.87 km are expected to
be signiﬁcantly correlated. Only the distance between Charlotte Harbor and Tampa Bay was less than 136.87 km.

DISCUSSION
Heterogeneity in life history and population characteristics among estuarine populations of Spotted Seatrout in
Florida has been described (Brown-Peterson and Thomas
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TABLE 3. Summary of estimated von Bertalanffy growth parameters (with lower and upper 95% conﬁdence limits in parentheses; L∞ = average
maximum length; k = growth coefﬁcient; t0 = theoretical age at zero length) for Spotted Seatrout populations in six Florida estuaries (codes are
deﬁned in Table 1). Sex-speciﬁc parameters and conﬁdence intervals are also reported for each estuary.

Estuary code
W1_AP

W2_CK

W3_TB

W4_CH

E1_JX

E2_IR

Sex
Combined
Female
Male
Combined
Female
Male
Combined
Female
Male
Combined
Female
Male
Combined
Female
Male
Combined
Female
Male

L∞ (cm TL)
52.8
57.7
43.2
52.1
55.1
47.1
53.1
56.49
43.25
47.05
52.20
41.31
53.59
60.90
44.09
54.4
59.87
48.92

(49.9,
(54.9,
(40.9,
(48.6,
(51.1,
(44.0,
(50.0,
(52.8,
(41.3,
(45.1,
(48.7,
(39.5,
(49.0,
(54.6,
(41.1,
(50.5,
(55.9,
(45.2,

k

56.0)
61.3)
46.3)
56.1)
61.2)
52.0)
57.6)
62.0)
46.1)
49.6)
57.0)
43.7)
60.0)
71.4)
49.0)
59.9)
65.7)
55.4)

0.74
0.71
0.87
0.76
0.74
0.77
0.68
0.64
0.88
0.86
0.79
0.94
0.66
0.54
0.83
0.66
0.57
0.62

t0

(0.57,
(0.51,
(0.69,
(0.59,
(0.51,
(0.56,
(0.50,
(0.44,
(0.67,
(0.64,
(0.56,
(0.71,
(0.47,
(0.36,
(0.61,
(0.47,
(0.40,
(0.41,

0.94)
0.91)
1.10)
0.97)
1.07)
1.00)
0.92)
0.90)
1.14)
1.10)
1.10)
1.23)
0.88)
0.80)
1.10)
0.93)
0.86)
0.88)

0.04
0.04
0.04
0.04
0.05
0.03
0.03
0.02
0.04
0.04
0.05
0.04
0.02
0.01
0.03
0.03
0.01
0.00

(0.01, 0.08)
(0.04, 0.10)
(0.0, 0.07)
(0.01, 0.08)
(0.04, 0.11)
(0.02, 0.08)
(0.05, 0.08)
(0.07, 0.10)
(0.02, 0.08)
(0.01, 0.08)
(0.03, 0.11)
(0.02, 0.08)
(0.04, 0.08)
(0.09, 0.08)
(0.02, 0.07)
(0.04, 0.09)
(0.11, 0.10)
(0.10, 0.07)

TABLE 4. Summary of likelihood ratio tests used to compare Spotted Seatrout growth model parameters (L∞ = average maximum length;
k = growth coefﬁcient) among six Florida estuaries (codes are deﬁned in Table 1). The chi-square statistic (χ2 ) and P-value, respectively, are presented
for each estuary comparison. Both parameters were signiﬁcantly different between most pairs of estuaries. Instances in which only one parameter was
signiﬁcantly different are noted in bold.

Estuary code
W1_AP
W2_CK
W3_TB
W4_CH
E1_JX

W2_CK

W3_TB

W4_CH

E1_JX

E2_IR

16.76, <0.001

k; 9.03, 0.002
35.06, <0.001

100.77, <0.001
51.60, <0.001
361.94, <0.001

k; 9.39, 0.002
10.18, 0.006
Neither
198.76, <0.001

51.45, <0.001
19.36, <0.001
135.63, <0.001
109.29, <0.001
L1 ; 33.95, <0.001

1988; Peebles and Tolley 1988; Bedee et al. 2003), and our
results support such ﬁndings. The selected parameters
from the length-at-age relationship, recruitment, and the
size structure of recreationally targeted Spotted Seatrout
were signiﬁcantly different between pairs of estuaries and
within management regions in Florida, speciﬁcally in the
northwest region, where annual age-0 abundance and
mean TL and age (evaluated using ﬁsheries-independent
data) differed signiﬁcantly.
By analyzing both ﬁshery-dependent and ﬁsheryindependent data, we found that mean length was consistent among some estuaries, with females being signiﬁcantly
larger on average; however, the size structure of Spotted
Seatrout varied among all estuaries considered in this analysis. Although we did observe statistically signiﬁcant differences between cumulative distribution functions of size

structure in each estuary, the difference in mean TL of
Spotted Seatrout targeted by the recreational ﬁshery among
these estuaries was less than 3 cm, so it was questionable
whether such differences in size structure were biologically
signiﬁcant. Identifying signiﬁcant biological differences in
size structure among estuaries may suggest differences in
key population dynamics, such as fecundity or stock resilience (Trippel et al. 1997). Therefore, analyses that address
biological signiﬁcance are highly valuable. However, examining potential biologically signiﬁcant differences in size
structure of Spotted Seatrout by using recreational data
may be confounded by slot limits among estuaries that
limit the catch—and therefore the sampling—of Spotted
Seatrout to individuals between 38 and 50 cm TL. Notably, mean TLs of Spotted Seatrout targeted by the recreational ﬁshery across all estuaries were consistently greater
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TABLE 5. Summary of Pearson’s dispersion statistics (φ), Akaike’s information criterion (AIC) values (DAIC = difference in AIC value between the
given model and the best-performing model), and ﬁnal covariates for the count (l) and logistic model (p) portions of the zero-inﬂated negative binomial (ZINB) model ﬁtted to catch data for age-0 Spotted Seatrout and discrete habitat variables including year, month, shore type (shore), bottom
type (bottom), and vegetation type (veg). Model ﬁtting was performed with catch data from six Florida estuaries (codes are deﬁned in Table 1).
Statistics for the negative binomial (NB) and zero-inﬂated Poisson (ZIP) models are also presented.

Estuary code
W1_AP

W2_CK

W3_TB

W4_CH

E1_JX

E2_IR

φ

Model
ZINB
NB
ZIP
ZINB
NB
ZIP
ZINB
NB
ZIP
ZINB
NB
ZIP
ZINB
NB
ZIP
ZINB
NB
ZIP

(l: year + month + veg + shore; p: year + month + bottom + veg)
(l: year +
(l: year +
(l: year +
(l: year +
(l: year +

1.12
1.39
2.53
month + veg + bottom; p: year + month + veg + shore)
1.17
1.27
1.95
month + veg + shore; p: year + month)
1.19
1.67
3.0
veg + shore + bottom; p: year + month + shore + bottom) 1.22
1.52
2.44
month + veg + shore; p: year + month + veg)
1.07
1.34
2.07
month + veg; p: year + month + veg + shore)
1.46
1.93
3.53

FIGURE 5. Crossbar plot of the mean TL (95% conﬁdence interval
[CI]) of Spotted Seatrout in Florida, evaluated using ﬁsheries-dependent
sampling data from the Marine Recreational Information Program and
the Marine Recreational Fisheries Statistics Survey. Mean TL is
represented by the bold center horizontal line; the 95% CI is represented
by the upper and lower horizontal lines. Mean TL is presented for
each estuary population (estuary codes are deﬁned in Figure 1).
Identiﬁers “f,” “g,” “h,” and “i” indicate similar groups in terms of
mean TL.

AIC

DAIC

4,352.39
0.00
4,409.80
57.41
6,361.91 2,009.52
5,721.53
0.00
5,748.29
26.76
7,198.75 1,477.22
22,275.65
0.00
22,555.11
279.46
37,283.14 15,007.49
18,316.29
0.00
18,405.88
89.59
24,699.82 6,383.53
5,221.67
0.00
5,310.10
88.43
6,567.28 1,345.61
18,459.20
0.00
18,791.18
331.98
31,644.29 13,185.09

than the mean TLs for ﬁsh sampled by the FIM group.
Even when the FIM length data were truncated to the minimum and maximum length values in the recreational data,
the mean TLs of recreational catches were larger in all estuaries. This was most likely the result of differential selectivity between the primary gear types used by ﬁshers and
those used by the FIM group. In addition, recreational ﬁshers often “high-grade” (exchange previously caught smaller
ﬁsh for newly caught larger ﬁsh) due to strict recreational
bag limits (Gillis et al. 1995). Nevertheless, estimates of
Spotted Seatrout mean TL generated from both ﬁsheryindependent and ﬁshery-dependent data worked in concert
to produce a highly informed representation of the size
distribution.
Our results on growth are consistent with earlier studies
that explored the size and age structures of Spotted Seatrout
in the Indian River Lagoon, Apalachicola Bay, and Charlotte Harbor. Analyzing commercial and recreational catch
data, Murphy and Taylor (1994) also found that Spotted
Seatrout were, on average, largest in the Indian River
Lagoon. Therefore, it appears that the difference observed
in mean TL is consistent over time. Our analysis of lengthat-age relationships indicated signiﬁcant differences in the
growth of Spotted Seatrout among most estuaries and
between sexes. Our ﬁndings are consistent with those of earlier studies. Murphy and Taylor (1994) analyzed Gompertz
growth curves for female Spotted Seatrout in Apalachicola
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FIGURE 6. Least-squares means (LSMeans) of estimated young-of-the-year (YOY) Spotted Seatrout abundance (age-0 ﬁsh per haul; error
ribbon = 95% conﬁdence interval) in six Florida estuaries (estuary codes are deﬁned in Figure 1) plotted by management region.

Bay, Charlotte Harbor, and Indian River Lagoon.
Although they estimated L1 values (mean  SE = 698.3 
23.09 mm TL for Apalachicola Bay; 817.7  41.13 mm
TL for Charlotte Harbor; and 839.2  30.30 mm TL for
Indian River Lagoon) that were substantially larger than
ours, the estuary-speciﬁc overall models were signiﬁcantly
different. Parameter estimates for the length-at-age relationship of Spotted Seatrout in Mississippi and Alabama echo
our ﬁndings of heterogeneity in growth among estuaries.
For example, Johnson et al. (2011) used ﬁshery-dependent
data to estimate an L1 of 65.9 cm for Spotted Seatrout in
Alabama, which is substantially larger than any L1 value
estimated in our study. Additionally, Dippold et al. (2016)
used tag–recapture methods and otolith-derived age data to
estimate growth curves for Spotted Seatrout in Mississippi
by using a three-parameter logistic model. That method
produced estimates of maximum TL of 60.5 cm for females
and 57.4 cm for males. Those estimates are consistent with
the present estimates for the Indian River Lagoon and
northeast Florida but fall on the edge of or outside of the
conﬁdence interval range estimated for all other estuaries.

The discrepancy between our estimates of L1 and those
of Murphy and Taylor (1994) and Johnson et al. (2011)
may be an artifact of model structure, as Murphy and Taylor (1994) modeled the length-at-age relationship with a
Gompertz model as opposed to the VBGF, which we used.
The differences could also be a result of the type of data set
used to estimate the individual parameters; both Murphy
and Taylor (1994) and Johnson et al. (2011) used ﬁsherydependent data from ﬁsher-intercept programs conducted
during ﬁshing tournaments. These data were likely composed of age and length data from, as our results suggest,
generally larger Spotted Seatrout, whereas we used a longterm set of ﬁshery-independent data in addition to a set of
ﬁshery-dependent data. Even more likely, our decision to
add supplemental age and length data forced the growth
curve toward the origin, which resulted in a high estimate of
k reﬂecting the fast growth characteristic of prerecruit and
early recruit phases. Due to their correlative nature, high
k-estimates resulted in lower L1 values. For example,
when t0 was constrained to 0.5, the VBGF estimated lower
k-values and higher L1 values for both sexes in all estuaries.
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FIGURE 7. Correlation value (q) of estuary-speciﬁc, young-of-the-year (age 0) Spotted Seatrout abundance indices plotted against the great circle
distance between each pair of estuaries in Florida (estuary codes are deﬁned in Figure 1). The estimated distance at which sites become decorrelated is
denoted by the dashed red vertical line. The paired estuary comparison (estuary codes separated by “v.” [versus]) and the associated q value are
presented alongside each comparison point.

Such discrepancies and the original convergence issues suggest that the VBGF may not be the most suitable method
for modeling the growth of Spotted Seatrout in Florida.
Observed maximum TL was heterogeneous among
estuaries, and the results of the ALK analysis indicated
differences in the age–length relationship among estuaries.
Heavy ﬁshing pressure can cause growth overﬁshing and
truncate the age–length distribution (Hilborn and Walters
1992; Berkeley et al. 2004); thus, we expect estuaries with
the greatest ﬁshing pressure to have truncated length distributions and lower estimates of maximum TL. In Florida, recreational ﬁshing pressure on Spotted Seatrout has
slowly increased except in the northeast management
region, which has experienced a slight reduction in the
number of angler trips (Murphy et al. 2011). In the ongoing assessment of Spotted Seatrout, the average number of
Spotted Seatrout harvested by the recreational ﬁshery during 2011–2015 was greatest in the northwest region
(874,850 ﬁsh), with an estimated transitional spawning
potential ratio (tSPR) of 27% (FWRI, personal communication). The average number of Spotted Seatrout harvested in the southwest region was 553,534 ﬁsh, with an
estimated tSPR of 51%; the average number harvested in
the northeast and southeast regions was 152,200 ﬁsh, with
estimated tSPRs of 29% and 45%, respectively (FWRI,
personal communication).

Under the ﬁshing pressure hypothesis, we would expect
Spotted Seatrout in the northwest region (Apalachicola Bay
and Cedar Key), in general, to have the smallest estimated
L1 and smaller mean lengths and ages in the catch and surveys. In contrast, we would expect the southwest region
(Tampa Bay and Charlotte Harbor) to have the largest estimated L1 and the widest length distribution. Mean lengths
from the ﬁsheries-dependent data were generally supportive
of these results. Spotted Seatrout in the northwest region
were smallest on average, whereas Spotted Seatrout in the
southwest region were larger on average than those in the
northeast and northwest regions. However, age and length
observations from the ﬁsheries-independent data suggested
a different pattern. Estimated L1 of Spotted Seatrout in the
northwest region was in fact smaller than those of ﬁsh in the
northeast (northeast Florida) and southeast (Indian River
Lagoon) regions, but the estimated L1 of Spotted Seatrout
in Charlotte Harbor (a portion of the southwest region) was
the smallest. However, differences in sample size among
estuaries may have confounded these results, and it is possible that an additional doubling of sample size in estuaries
with fewer samples (i.e., Charlotte Harbor) would result in
more observations of larger, older ﬁsh. Nevertheless, given
the available data, the results do not solely support the ﬁshing pressure hypothesis and may provide additional support
for hypotheses of genetic and environmental differences.

SPOTTED SEATROUT VARIABILITY AMONG ESTUARIES

We observed yearly variation in Spotted Seatrout
recruitment among all estuaries, and we conclude that no
signiﬁcant covariation exists in recruitment among the largest populations of Spotted Seatrout in Florida. Our ﬁndings suggest that estuary-speciﬁc mechanisms, operating on
scales of one to tens of kilometers, are more likely to be
inﬂuencing patterns of Spotted Seatrout recruitment than
large-scale mechanisms (i.e., operating on geographical
scales of hundreds of kilometers). Although our results are
different from those of other analyses pertaining to spatial
covariation in age-0 abundance that have reported a
recruitment decorrelation scale of around 400 km for populations of rockﬁsh and salmon (Pyper et al. 2001; Mueter
et al. 2002; Field and Ralston 2005), they are similar to
estimated decorrelation scales for more conﬁned, freshwater ﬁshes with life histories similar to that of Spotted Seatrout (Myers et al. 1997). Life history, behavior, high site
ﬁdelity, and differences in environmental variables experienced by Spotted Seatrout and oceanic ﬁshes like rockﬁsh
and salmon explain such a disparity between our estimated
covariation scale and the covariation scales reported in the
literature. Several studies have found signiﬁcant correlations between regional environmental variables and ﬂuctuations in Spotted Seatrout abundance and reproductive
timing. By analyzing a decade-long set of ﬁshery-independent data, Matheson et al. (2003) and Flaherty-Walia et al.
(2015) found that annual freshwater inﬂow exhibited a
strong positive correlation with trends in Spotted Seatrout
abundance in Tampa Bay. Furthermore, Flaherty and
Landsberg (2010) and Gannon et al. (2009) found that a
persistent red tide event on the southwest Florida coast in
2005 signiﬁcantly altered ﬁsh abundance and community
structure, which is temporally consistent with declines in
Spotted Seatrout recruitment in Tampa Bay during 2005
and 2006. Variability in population characteristics may also
be due to genetic differences (Bedee et al. 2003; BrownPeterson 2003), but we observed signiﬁcant, asynchronous
patterns in recruitment and heterogeneity of age and size
structure among Spotted Seatrout from Charlotte Harbor,
Tampa Bay, and Cedar Key. Previous research on the
genetic structure of Spotted Seatrout in the Gulf of Mexico
supports an isolation-by-distance pattern (Somerset and
Saillant 2014) whereby the geographic distance between
Tampa Bay and Cedar Key would support genetic divergence and the observed asynchronous patterns in demographics. However, the results of Seyoum et al. (2014)
indicate that Spotted Seatrout in Tampa Bay, Charlotte
Harbor, and Cedar Key are of the same genetic stock.
Although genetic divergence likely plays a signiﬁcant role
in the observed demographic differences, we cannot entirely
attribute the variability we observed in size structure,
growth, and recruitment to genetic differences until the spatial scale of genetic autocorrelation and dispersal among
Spotted Seatrout population units in Florida is deﬁned.
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We used a long-term set of ﬁshery-independent data to
update estimates of length-at-age relationships in six estuarine populations of Spotted Seatrout in Florida. We
found signiﬁcant differences in size structure, length at age,
and recruitment among all six estuary populations. Additionally, this is the ﬁrst study to explicitly deﬁne the spatial
scale of recruitment correlation among populations of this
species. Deﬁning the spatial scale at which recruitment
covaries is a useful exercise for generating hypotheses
about the spatial scale over which environmental variables
inﬂuence age-0 recruitment (Myers et al. 1997; Peterman
et al. 1998; Pyper et al. 2001; Mueter et al. 2002). For
example, setting aside other variables (e.g., differential ﬁshing pressures), if recruitment indices from geographically
distant stocks are correlated, then such expansive commonality may indicate large-scale environmental forcing
(Koslow 1984; Hollowed et al. 1987; Myers et al. 1997). In
contrast, if recruitment indices from geographically close
populations are signiﬁcantly correlated and such correlation declines with distance, then as Hollowed et al. (1987)
hypothesized, such a relationship may indicate forcing by
local, small-scale environmental variables. Identifying the
spatial scale of recruitment covariation is a necessary precursor to any exploration of an environment–recruitment
relationship in Florida Spotted Seatrout because spurious
correlations between environment and recruitment indices
often arise when the spatial scale is poorly understood and
environmental and biological variables are averaged over a
variety of geographical scales, with little acknowledgment
of the true operating scale of such variables (Myers 1998;
Mueter et al. 2002).
Our results highlight the need to understand the relative
contributions of such estuary-speciﬁc data as growth
curves, length observations, and recruitment indices to
regional assessment models if the four-region management
scheme for Spotted Seatrout in Florida is to continue. We
suggest that sensitivity testing be performed to determine
the inﬂuence of estuary-speciﬁc data components on regional estimates of ﬁsheries management reference points.
Furthermore, because previous research suggests that population dynamics of Spotted Seatrout may be strongly
inﬂuenced by the local environment, additional research
should identify the environmental variables that are most
likely to inﬂuence Spotted Seatrout recruitment in each
major estuary of Florida and should quantify the relative
inﬂuence of each environmental variable on recruitment.
Such information is necessary for effective management of
this recreationally important ﬁsh in a rapidly changing
environmental landscape. The results of this study will
support not only future explorations of possible bias in
ﬁsheries management parameters but also those regarding
model misspeciﬁcation, particularly in the stock–recruit
relationship, both of which greatly affect the overall
assessment model for Spotted Seatrout in Florida.
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