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Title 8 

Age, growth, and diet of crevalle jack (Caranx hippos) in the Gulf of Mexico 9 

 10 

Abstract 11 

The goals of this study were to generate baseline population dynamics 12 

parameters for Gulf of Mexico crevalle jack Caranx hippos and examine the foraging 13 

habits of Mississippi and Alabama crevalle jack. Specimens were collected from 14 

Mississippi, Alabama, and Florida, and age was estimated from sagittal otoliths. 15 

Stomachs from some specimens were retained for dietary analyses. Age classes 16 

spanned 0 - 20 years. Overall growth was best represented by the logistic growth 17 

model, whereas sex-specific growth was best represented by a version of the von 18 

Bertalanffy growth function that allowed L∞ to vary by sex while holding k and t0 constant 19 

between sexes. Fishes were more important to crevalle jack diet than invertebrates, and 20 

diet varied among locations and years. These findings will address fundamental 21 

knowledge gaps to inform age-based stock assessments for crevalle jack and 22 

ecosystem approaches to fisheries management in the Gulf of Mexico. 23 

 24 

Keywords 25 

Otolith, von Bertalanffy, Gompertz, logistic, stomach contents, Gulf of Mexico 26 

Introduction 27 

The strong-swimming, deep-bodied crevalle jack Caranx hippos is a member of 28 

the marine family Carangidae (Carpenter, 2002). The species was historically classified 29 

as circumtropical (Briggs, 1960) but is now recognized as one member of a three-30 

species complex comprised of C. hippos, Pacific crevalle jack C. caninus, and longfin 31 

crevalle jack C. fischeri (Smith-Vaniz & Carpenter, 2007). The Pacific crevalle jack is 32 
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found in the eastern Pacific Ocean and the longfin crevalle jack is found in the eastern 33 

Atlantic Ocean, whereas the crevalle jack is found on both sides of the Atlantic Ocean 34 

(Smith-Vaniz & Carpenter, 2007). In the western Atlantic, its distribution extends from 35 

Nova Scotia southward to Uruguay including the Caribbean and Gulf of Mexico 36 

(Carpenter, 2002). Although this euryhaline species can occupy offshore and inshore 37 

waters as well as coastal rivers, these preferences vary by life stage (Berry, 1959; 38 

Benson, 1982). Specifically, larvae lead a pelagic existence, juveniles favor estuaries, 39 

and adults use a wide variety of habitats (Berry, 1959; Johnson, 1978; McBride & 40 

McKown, 2000; Mohan, Sutton, Cook, Boswell, & Wells, 2017). 41 

 Relatively few studies have investigated the biology of crevalle jack. The species 42 

is thought to spawn offshore from March to September in southeastern U.S. Atlantic and 43 

Gulf of Mexico waters (Berry, 1959), with males and females in Florida waters reaching 44 

peak gonadosomatic index in April and June (Snelson, 1992) and larval abundance 45 

over the Gulf of Mexico outer continental shelf peaking in May and June (Ditty, Shaw, & 46 

Cope, 2004). Adult crevalle jack can reach large sizes; the present all-tackle world 47 

record for the species is 30 kg, set in Angola in 2010 (International Game Fish 48 

Association). The maximum reported ages of crevalle jack from Florida’s east and west 49 

coasts (Palko, 1984; Snelson, 1992) and Trinidad (Kishore & Solomon, 2005) range 50 

from 13 to 19 years. Similarly, cohort analysis of crevalle jack from Colombia (Caiafa, 51 

Narváez, & Borrero, 2011) resulted in an estimated age of 14 years for the largest 52 

specimen (Table 1). Maximum age was older for females (19 years) than males (15 53 

years) in Florida (Snelson 1992), but older for males (13 years) than females (10 years) 54 

in Trinidad (Kishore & Solomon 2005). Females grow larger than males (Kishore & 55 

Solomon 2005). Female crevalle jack reach maturity as early as age 5 to 6 (about 66 to 56 

70 cm fork length [FL]) and males at age 4 to 5 (about 55 to 60 cm FL) (Thompson & 57 

Munro, 1983; Snelson, 1992; Caiafa, Narváez, & Borrero, 2011). 58 

 Crevalle jack are generally diurnal predators, often creating surface-water 59 

turbulence by feeding in schools on schooling prey near the surface (Kwei, 1978; 60 

Correia et al. 2017), though larger crevalle jack can be solitary (Carpenter, 2002). The 61 

diet of crevalle jack has been most thoroughly investigated in the eastern Atlantic off the 62 

coast of Africa. There, adults feed predominantly on fishes in the family Clupeidae 63 
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(Correia et al., 2017), juveniles on a mix of small fishes and shrimps (Fagade & 64 

Olaniyan, 1972; Kwei, 1978), and post-larval individuals primarily on copepods (Kwei, 65 

1978). However, some of these studies may have included longfin crevalle jack (Smith-66 

Vaniz & Carpenter, 2007). Crevalle jack diet has also been examined in the 67 

southeastern U.S. Atlantic and Gulf of Mexico in Florida, Louisiana, and Texas 68 

(Saloman & Naughton, 1984). Like in Africa, these crevalle jack specimens were 69 

primarily piscivorous; clupeids represented the most prevalent prey, though larger 70 

crevalle jack were more opportunistic than smaller crevalle jack and fed on a variety of 71 

invertebrate prey, such as penaeids and portunids, as well as fishes (Saloman & 72 

Naughton, 1984). 73 

Crevalle jack are fished both commercially and recreationally (Smith-Vaniz & 74 

Carpenter, 2007). Most of the commercial harvest in the Gulf of Mexico occurs along 75 

Florida’s west (Gulf) coast (National Marine Fisheries Service Fisheries Statistics 76 

Division [NMFS] personal communication, date of inquiry: 1 October 2020). However, 77 

since the implementation of a net ban in Florida waters in 1995, Gulf of Mexico 78 

recreational catch of crevalle jack has far exceeded commercial harvest (Adams, Jacob, 79 

& Smith, 2001). Over the past three decades, annual recreational catch has fluctuated 80 

between 2 and 10 million fish, with approximately 90% released after capture (Figure 1; 81 

National Marine Fisheries Service Fisheries Statistics Division [NMFS] personal 82 

communication, date of inquiry: 1 October 2020). Crevalle jack have substantial 83 

amounts of red muscle, which results in a rather unpleasant taste (Smith-Vaniz & 84 

Carpenter, 2007). For this reason, along with the strong fighting ability of crevalle jack, 85 

recreational effort for the species is driven by catch-and-release (Shipp, 2012). Crevalle 86 

jack are currently unregulated commercially and recreationally in all five Gulf states and 87 

in federal waters. As an unregulated species in Florida, crevalle jack defaults to a 88 

recreational bag limit of two fish or 100 pounds per person per day, whichever is greater 89 

(Florida Statutes, Title XXVIII, Chapter 379, 379.361 Licenses). However, stakeholder 90 

concern about the Florida Keys crevalle jack population (Gervasi et al., 2021) has 91 

prompted the state to consider proactive management action(s) for the stock (Florida 92 

Fish and Wildlife Conservation Commission, 2020). 93 
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Age and growth data represent the foundation of age-based stock assessments 94 

(Legault & Restrepo 1998), and diet data are critical for ecosystem approaches to 95 

fisheries management (Anstead et al. 2021). Although age, growth, and diet of crevalle 96 

jack have previously been described, further work on these topics is needed for several 97 

reasons. First, age and growth of crevalle jack has not been estimated in Gulf of Mexico 98 

waters west of Florida. Second, only two studies modeled crevalle jack growth based on 99 

ages estimated from hard structures; a third used Electronic LEngth Frequency 100 

ANalysis or “ELEFAN” (Snelson, 1992; Kishore & Solomon, 2005; Caiafa, Narváez, & 101 

Borrero, 2011). The former two studies used samples that were collected 20 to 30 years 102 

ago and lacked older fish. Third, only one study has modeled sex-specific growth, and 103 

that study was conducted in Trinidad (Kishore & Solomon, 2005). Lastly, while Saloman 104 

& Naughton (1984) examined a robust sample size of 3,643 stomachs across a broad 105 

sampling region, none of their sampling was in estuaries, no fish were collected from 106 

Mississippi or Alabama, and the study was conducted almost 30 years ago. Given the 107 

emerging stakeholder concern for crevalle jack and their prominent roles as sportfish 108 

and voracious predators in coastal ecosystems, these fundamental knowledge gaps 109 

must be addressed to provide a basis for potential future management measures 110 

(Gervasi et al., 2021). The objectives of this study were to generate baseline population 111 

dynamics parameters for Gulf of Mexico crevalle jack Caranx hippos and examine the 112 

foraging habits of Mississippi and Alabama crevalle jack. Therefore, we 1) modeled up-113 

to-date overall and sex-specific growth for Gulf of Mexico crevalle jack and 2) quantified 114 

the diet of Mississippi and Alabama crevalle jack. 115 

 116 

Methods 117 

Fish Sampling 118 

Large, adult crevalle jack were sampled from recreational harvest on Dauphin 119 

Island, Alabama during 2017 to 2019. Only these fish were used for dietary analyses. 120 

Specifically, crevalle jack data and samples were collected in July during annual Roy 121 

Martin Young Anglers Tournaments and Alabama Deep Sea Fishing Rodeos. These 122 

fish were captured by hook-and-line in Mississippi, Alabama, or west Florida waters and 123 

landed in Alabama. Exact catch locations were undocumented for most fish, so general 124 
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catch locations were obtained when possible (Figure 2). Also, for the purpose of 125 

stomach content analysis, anglers were asked whether they used non-artificial bait or 126 

chum, and if so, what species were used. A small number of other crevalle jack were 127 

captured near Dauphin Island via recreational harvest. 128 

Small crevalle jack were sampled via two different sources. Some of these fish 129 

were collected from fishery-independent surveys in Alabama during 2020. These 130 

specimens were captured by gillnet (stretch mesh size ranging from 5.1 cm to 15.2 cm), 131 

15.2-m bag seine, or 14.9-m benthic otter trawl in Mobile Bay and the Alabama waters 132 

of Mississippi Sound. The remainder of the small crevalle jack were collected from 133 

fishery-independent surveys in Florida during 2002 to 2014. Most of these specimens 134 

were captured by 183-m haul seine, but a few were collected by 548.6-m nylon trammel 135 

net (11.75-cm inner stretch mesh, 35.60-cm outer stretch mesh), 365.8-m monofilament 136 

trammel net (7.0-cm inner stretch mesh, 30.50-cm outer stretch mesh), or hook-and-137 

line. Collection areas ranged across much of the west (Gulf) coast of Florida from 138 

Alligator Point (near Apalachicola, Florida in the Florida panhandle) to the Florida Keys. 139 

Fish Processing & Morphometrics 140 

For each fish, FL was measured to the nearest millimeter, weight was measured 141 

in kilograms, and both sagittal otoliths were extracted and stored for age estimation 142 

(Palko 1984). For fish used in dietary analyses, stomachs were excised and then either 143 

stored in 200 proof ethanol or frozen at -29°C until they could be examined . Sex was 144 

assigned macroscopically for all fish measuring at least 500 mm FL. However, fish 145 

measuring less than 500 mm FL were designated as unknown sex due to difficulty in 146 

distinguishing between female and male gonads prior to maturity (at least 660 mm FL 147 

for females and 550 mm FL for males; Snelson, 1992; Thompson & Munro, 1983). Two-148 

sample Kolmogorov-Smirnov tests were conducted in R version 4.1.0 (R Core Team, 149 

2021) to test for differences in length and weight distributions between sexes (ɑ = 0.05). 150 

Length-weight regressions were generated in R version 4.1.0 (R Core Team, 2021) 151 

using the add-on package FSA: Fisheries stock analysis (Ogle, Wheeler, & Dinno, 152 

2021) to model the overall and sex-specific relationship between FL and weight. 153 

Otolith Processing 154 
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Otolith processing followed guidelines described by VanderKooy, Carroll, Elzey, 155 

Gilmore, & Kipp (2020). For consistency, the left sagittal otolith from each individual was 156 

embedded in epoxy and allowed to cure. If the left otolith was missing or broken through 157 

the core, the right otolith was used. Each embedded otolith was mounted on a slide or 158 

cardstock using heat-activated adhesive and sectioned using a low-speed saw. Three 159 

consecutive 0.5-mm transverse sections were cut simultaneously with four diamond-160 

coated blades, each separated from another by a 0.5-mm spacer. The sections were 161 

affixed to a slide using a low-viscosity, quick-drying mounting medium and allowed to 162 

air-dry for at least 24 hours. 163 

Otolith Age Estimation 164 

Crevalle jack otolith sections were viewed for age estimation using a 165 

stereomicroscope with transmitted light (brightfield illumination). Although age has not 166 

been validated in crevalle jack, the number of opaque zones was assumed to represent 167 

the age of the fish in years, as in previous studies (Palko 1984, Snelson 1992, Kishore 168 

& Solomon 2005). Age was estimated using guidelines described by VanderKooy, 169 

Carroll, Elzey, Gilmore, & Kipp (2020). The best section from each otolith, defined as 170 

the section that was cut closest to the otolith core and at the most perpendicular angle, 171 

was selected for age estimation. Thin opaque zones were enumerated along an axis 172 

near the sulcal groove from the core to the edge. Margin codes (1 to 4) were assigned 173 

according to criteria described by VanderKooy, Carroll, Elzey, Gilmore, & Kipp (2020). 174 

Age class was then determined based on summer annulus deposition (Snelson, 1992). 175 

Specifically, age class was equal to the number of opaque zones, except when a fish 176 

was collected between January 1 and July 31 and the margin code was 3 or 4, in which 177 

case age class was equal to the number of opaque zones plus one. 178 

For the samples from Alabama, age of each fish was estimated by two readers 179 

independently and blindly. However, fish measuring less than 100 mm FL were 180 

automatically assigned to age 0 due to the small size of the otoliths (Snelson 1992, 181 

Kishore & Solomon 2005). Otoliths deemed unreadable (due to poor processing or lack 182 

of alternating opaque and translucent zones) were assigned a code of “U,” and all fish 183 

assigned a code of “U” by at least one reader were omitted from further analyses. Next, 184 

average percent error (APE) was calculated to evaluate between-reader precision 185 
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(Beamish & Fournier, 1981; Campana, 2001). In the event of a disagreement in age 186 

class between the first two readers, a third reader estimated the age of the otolith. The 187 

final age class assigned to the fish was the agreed-upon age class between two of the 188 

three readers. If all three readers disagreed, then the first two readers consulted with 189 

each other and either reached an agreement or deemed the otolith unreadable. 190 

For the samples from Florida, age of each fish was estimated either by a single 191 

reader or by two different readers independently and blindly. When possible, APE was 192 

calculated to evaluate between-reader precision (Beamish & Fournier, 1981; Campana, 193 

2001). In the event of a disagreement in age class between readers, age of the otolith 194 

was estimated again blindly by the original readers to resolve the discrepancy. 195 

For all three datasets, fractional age (years) was then calculated from the final 196 

age classes using a June 1 birthdate, which was estimated based on gonadosomatic 197 

index peaking in April and June (Snelson 1992) and larval collections peaking in May 198 

and June (Ditty, Shaw, & Cope 2004). Specifically, the birthdate was subtracted from 199 

the date of capture, the resulting number was divided by the number of days in the year 200 

of capture, and that number was added to the age class. A two-sample Kolmogorov-201 

Smirnov test was conducted in R version 4.1.0 (R Core Team, 2021) to examine 202 

differences in fractional age distributions between sexes (α = 0.05). 203 

Growth Modeling 204 

A multimodel framework was used to investigate overall growth (Katsanevakis & 205 

Maravelias, 2008; Smart, Chin, Tobin, & Simpfendorfer, 2016). The von Bertalanffy 206 

growth function (VBGF) 207 �� = �∞ሺͳ − �−௞ሺ�−�0ሻሻ,     (1) 208 

Gompertz growth model 209 �� = �∞ሺ�−�ሺ−�ሺ�−�ሻሻሻ,      (2) 210 

and logistic growth model 211 �� = ௅∞ଵ+�−�ሺ�−�ሻ       (3) 212 

where lt = predicted FL in millimeters, L∞ = mean asymptotic FL in millimeters, k and g = 213 

growth coefficients in year-1, t = time (age) in years, t0 = hypothetical age at which length 214 

equals 0 in years, and α = inflection point of the Gompertz and logistic models (von 215 

Bertalanffy, 1938; Gompertz, 1825; Ricker, 1975) were each fit to all fractional age data 216 
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combined, including female, male, and unknown sex observations. Akaike’s information 217 

criterion (AIC) was used to rank the fit of the three resulting models; the model with the 218 

smallest AIC value and greatest Akaike weight was chosen as the best-fitting model 219 

(Akaike, 1998; Katsanevakis & Maravelias, 2008). 220 

Sex-specific growth was also examined using a multimodel framework. First, 221 

unknown sex observations were omitted from the fractional age data. Then, eight 222 

candidate versions of each growth model (VBGF, Gompertz, and logistic) were fit to the 223 

remaining (female and male) fractional age data: a general version, which allowed all 224 

three growth parameters (L∞, k or g, and t0 or α) to vary between sexes; three versions 225 

that allowed two of the three parameters to vary between sexes; three versions that 226 

allowed only one parameter to vary between sexes; and a common version, which held 227 

all three parameters constant between sexes (Ogle, 2016; Nelson et al., 2018; Jefferson 228 

et al., 2019). Akaike’s information criterion was used to rank the fit of all 24 resulting 229 

model versions; the version with the smallest AIC value and greatest Akaike weight was 230 

chosen as the best-fitting version (Akaike, 1998; Katsanevakis & Maravelias, 2008; 231 

Ogle, 2016). All growth parameters were modeled in R version 4.1.0 (R Core Team, 232 

2021) using the add-on packages FSA: Fisheries stock analysis (Ogle, Wheeler, & 233 

Dinno, 2021) and nlstools: Tools for nonlinear regression analysis (Baty et al., 2015). 234 

Stomach Processing 235 

 All stomach contents were examined using instruments that were sterilized in a 236 

10% bleach solution. Stomach contents that matched the description of the bait or chum 237 

used to catch the fish or showed any evidence that they could have been used as bait 238 

were excluded from further analyses. Furthermore, any stomachs that appeared 239 

purposely “stuffed” (i.e., filled by an angler with bait or ice to increase the weight of the 240 

fish) were also excluded from further analyses. All other prey items were identified to 241 

the lowest possible taxa, blotted dry, counted, and weighed to the nearest 0.01 g. All 242 

free otoliths were also separated, identified to the lowest possible taxa, and counted. 243 

Prey items that could not be visually identified to species were stored in 200 proof 244 

ethanol until they could be examined genetically. 245 

 Genetic analysis of stomach contents was performed as a complement to 246 

macroscopic dietary analysis. All DNA extraction from muscle samples, PCR 247 
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amplification, post-PCR processing and pooling, and bioinformatics were conducted at 248 

the Genomics Core Laboratory at Texas A&M University-Corpus Christi (TAMU-CC). A 249 

metagenetics approach was used for species identification following protocols described 250 

in Jargowsky, Cooper, Ajemian, Colvin, & Drymon (2020). Specifically, a 313 bp section 251 

of the coI locus was sequenced via a paired end fashion at the New York University 252 

School of Medicine's Genome Technology Center on an Illumina MiSeq 253 

(www.illumina.com). The primers used in PCR amplification were the universal 254 

metazoan primers MlcoIint-F (primer sequence: 5’- 255 

GGWACWGGWTGAACWGTWTAYCCYCC-3’, Leray et al., 2013) and Jghc-02198 (5’- 256 

TAIACYTCIGGRTGICCRAARAAYCA-3’, Geller, Meyer, Parker, & Hawk, 2013). 257 

Additionally, a crevalle jack blocking primer (CVJ_blk_COIF; 5’-258 

TCCCCCATTAGCTGGTAATCTTGCCCATGCC-C3-3’) was used to decrease the 259 

amplification of predator DNA; however, this primer was omitted for prey items 260 

appearing to be from the family Carangidae to prevent the blocking of any closely 261 

related prey DNA. Following bioinformatic processing, each prey item was assigned a 262 

single, final operational taxonomic unit (OTU) following protocols from Jargowsky, 263 

Cooper, Ajemian, Colvin, & Drymon (2020), with each prey item discriminated at the 264 

species level having a > 98% sequence match with a species in the reference libraries 265 

(Leray et al., 2013). 266 

Dietary Analyses 267 

Prey groups were quantified using single and compound indices, including 268 

average percent number (%N), average percent weight (%W), prey-specific number 269 

(%PN), prey-specific weight (%PW), and frequency of occurrence (%FO) (Hyslop, 1980; 270 

Chipps & Garvey, 2007; Brown, Bizzarro, Cailliet, & Ebert, 2012). To compare among 271 

prey groups, the prey-specific index of relative importance (%PSIRI) was calculated 272 

(Brown, Bizzarro, Cailliet, & Ebert, 2012). The equations for %N (4), %W (4), %PN (5), 273 

%PW (5), %FO (6), and %PSIRI (7) are as follows: 274 %�௜ = ሺ∑ %�௜௝�௝=ଵ ሻሺ݊ሻ−ଵ      (4) 275 %ܲ�௜ = ሺ∑ %�௜௝�௝=ଵ ሻሺ݊௜ሻ−ଵ     (5) 276 %� ௜ܱ = ሺ݊௜ሻሺ݊ሻ−ଵ      (6) 277 %ܲܵ�ܴ� = ሺ� ௜ܱሺ%ܲ ௜ܰ + %ܲ�௜ሻሻሺͲ.ͷሻ   (7) 278 
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where %Aij is the percent abundance (by number or weight) of prey category i in 279 

stomach sample j, ni is the number of stomachs containing prey i, and n is the total 280 

number of stomachs containing prey (Brown, Bizzarro, Cailliet, & Ebert, 2012). An index 281 

of vacuity was calculated by dividing the total number of stomachs without prey by the 282 

total number of stomachs sampled (Hyslop, 1980). 283 

 Using the Mao tau estimate, cumulative prey curves were created for prey 284 

richness, starting at the species level, to determine if a sufficient number of stomachs 285 

had been sampled to adequately describe the diet of crevalle jack (Colwell et al., 2012; 286 

Ferry & Cailliet, 1996). Sample size was considered sufficient once a prey curve 287 

approached an asymptote, defined by whether the slope of a linear regression (b), fit to 288 

the final five randomly sampled stomachs, was < 0.05 (Bizzarro et al., 2009). If a prey 289 

curve failed to approach an asymptote at one taxon level (e.g., species), new prey 290 

curves were generated at higher taxa levels until this criterion was met. 291 

 The Bray-Curtis index was used to create a dissimilarity matrix for the dependent 292 

variables %N and %W, with each individual stomach treated as an individual sampling 293 

event and prey taxa treated as the response variables (Clarke, Gorley, Somerfield, & 294 

Warwick, 2014). A permutational multivariate analysis of variance (PERMANOVA) was 295 

conducted on the dissimilarity matrix to test whether the measured independent 296 

variables (sex, FL, location, and year) showed significant explanatory value to the 297 

primary dietary variables. The variables sex, location (north Mobile Bay, Alabama; south 298 

Mobile Bay, Alabama; north Mississippi Sound, Mississippi/Alabama; south Mississippi 299 

Sound, Mississippi/Alabama; east nearshore [i.e., state waters in the Gulf of Mexico 300 

east of Mobile Bay, Alabama/west Florida]; west nearshore [i.e., state waters in the Gulf 301 

of Mexico west of Mobile Bay, Mississippi/Alabama]; and offshore [i.e., federal waters 302 

south of Mississippi, Alabama, and west Florida]), and year (2017 to 2019) were treated 303 

as factors and the variable FL was treated as a covariate. These variables were tested 304 

independently, and a final model was then created using forward, stepwise model 305 

selection to determine which combination of explanatory variables best explained 306 

dietary variability (Anderson & Burnham, 2002; Bizzarro; Yoklavich, & Wakefield, 2017). 307 

To test for sample dispersion, permutation tests for heterogeneity of multivariate group 308 

dispersions were run for all explanatory variables (Anderson & Walsh, 2013). All 309 
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PERMANOVAs were permutated 9999 times and differences were considered 310 

significant if P-values were < 0.05. 311 

As a complement to the final model of the PERMANOVA analysis, canonical 312 

correspondence analysis (CCA) was conducted and biplots were created to help 313 

visualize the association of the prey groups and the explanatory variables (ter Braak & 314 

Verdonschot, 1995). Rare species that can strongly influence CCA were defined as 315 

having a %FO of less than 2% and excluded to help maximize the explanatory power of 316 

the models (Kemper, Bizzarro, & Ebert, 2017). Additional permutational tests were 317 

conducted on the CCA to examine the significance of overall models, constraining axes, 318 

and explanatory variables. All dietary parameters were modeled in R version 4.1.0 (R 319 

Core Team, 2021) using vegan: Community ecology package (Oksanen et al., 2019). 320 

 321 

Results 322 

Morphometrics 323 

 Overall, 803 crevalle jack were sampled during the study, including 544 from 324 

fishery-dependent sampling in Alabama, 22 from fishery-independent sampling in 325 

Alabama, and 237 from fishery-independent sampling in Florida. Of all sampled fish, 326 

263 were female, 286 were male, and 254 were of unknown sex. The female-to-male 327 

ratio of 0.92:1 did not significantly differ from 1:1 (X2 = 0.96, df = 1, P = 0.33). Fork 328 

length of 801 specimens ranged from 27 to 975 mm. Size ranges were 166 to 975 mm 329 

for fishery-dependent Alabama specimens, 27 to 340 mm for fishery-independent 330 

Alabama specimens, and 158 to 728 mm for fishery-independent Florida specimens 331 

(Figure 3). Weight of 790 specimens and ranged from 0.001 to 16.5 kg. Females were 332 

significantly longer in FL than males (D = 0.14, P < 0.01). In contrast, weight did not 333 

differ significantly between sexes (D = 0.06, P = 0.68). The overall length-weight 334 

regression indicated that crevalle jack become progressively slender as they increase in 335 

length: 336 �݋�ଵ଴[����ℎ�]  =  −ͳ͸.Ͷ͹ +  ʹ.͹ͻ ∗  ଵ଴[��] (R2 = 0.99).  (8) 337�݋�

Sex-specific length-weight relationships did not differ in either their slopes (P = 0.58) or 338 

intercepts (P = 0.38). 339 

Age 340 
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Overall, 793 pairs of otoliths were examined for age estimation. However, otoliths 341 

from 53 individuals were broken and therefore could not be sectioned, and otoliths from 342 

an additional 11 individuals were deemed unreadable. Therefore, ages of 729 fish (514 343 

from fishery-dependent Alabama samples, 22 from fishery-independent Alabama 344 

samples, and 193 from fishery-independent Florida samples) were available for further 345 

analyses (Table 1). Notably, 7 fish measured less than 100 mm FL and were therefore 346 

automatically assigned an age class of 0 years. Fractional ages ranged from 0.02 to 347 

20.14 years with a median age of 10.13 years (Figure 4). Female fractional ages ranged 348 

from 3.27 to 19.14 years with a median age of 11.15 years. Male fractional ages ranged 349 

from 2.84 to 20.14 years with a median age of 12.15 years. Males were significantly 350 

older than females (D = 0.14, P < 0.01). Between-reader APE was 1.74% for the 351 

Alabama samples and 3.60% for the Florida samples. 352 

Growth 353 

 Overall growth was best represented by the logistic growth model (Figure 5; AIC 354 

= 7270.3; Akaike weight = 1.00): 355 �� = ଼଼ସ.ଷ଻ଵ+�−0.66ሺ�−మ.8యሻ (Figure 5).    (9) 356 

The Gompertz model (AIC = 7319.7, Akaike weight < 0.01) and VBGF (AIC = 7647.5, 357 

Akaike weight < 0.01) were less well supported by comparison. Although the VBGF 358 

model was less well supported than the logistic model, those parameters are also 359 

reported here for comparison with previous studies, all of which only used the VBGF: 360 �� = ͻʹͷ.͹͵ሺͳ − �−଴.ଶ଺ሺ�−଴.଴ସሻሻ (Table 2, Figure 5). (10) 361 

In contrast, sex-specific growth was best represented by a VBGF model version 362 

with a different L∞ for males and females and a common k and t0 for both males and 363 

females (AIC = 4906.5, Akaike weight = 0.43): 364 ��ሺ�ሻ = ͻͲ͵.ͲͶሺͳ − �−଴.ଷଽሺ�−଴.଻ଷሻሻ    (11) 365 

and 366 ��ሺெሻ = ͺͺ͹.ͳ͸ሺͳ − �−଴.ଷଽሺ�−଴.଻ଷሻሻ (Table 2, Figure 5). (12) 367 
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This model version was followed closely by three other VBGF versions. A total of 19 of 369 

the 24 candidate versions had Akaike weights of < 0.01, indicating poorer fit among 370 

those versions (Supplemental Table 1). 371 

Stomach Content Analysis 372 

Overall, 528 stomachs were sampled for stomach content analysis. Most 373 

stomachs (99.2%) were sampled from recreational fishermen in July at Roy Martin 374 

Young Anglers Tournaments and Alabama Deep Sea Fishing Rodeos. Only three fish 375 

were excluded from further analyses because their stomachs appeared to be purposely 376 

“stuffed”. Fork length of fish sampled for stomach content analysis ranged from 670 to 377 

975 mm. General catch locations were obtained for 77.9% of fish and included north 378 

Mobile Bay (n = 121), south Mobile Bay (n = 105), north Mississippi Sound (n = 12), 379 

south Mississippi Sound (n = 42), east nearshore (n = 26), west nearshore (n = 69), and 380 

offshore (n = 36). Notably, 68.1% of fish were collected from inshore locations (i.e., 381 

Mobile Bay or Mississippi Sound). 382 

Of the 528 stomachs examined, 57.6% contained prey and 42.4% were empty. 383 

Crevalle jack stomachs were often very full of partially digested medium-sized prey. In 384 

addition, stomachs were often full of hard parts, particularly free otoliths, with 6,479 free 385 

otoliths found in total and multiple stomachs containing greater than 200 free otoliths 386 

each. Most free otoliths were from Atlantic croaker (Micropogonias undulatus, 78%), 387 

other species of Sciaenidae (9%), and prey from the family Ariidae (i.e., sea catfishes, 388 

10%), all of which have large otoliths relative to their body size. These results indicate 389 

that the composition of free otoliths greatly overrepresented prey groups with large 390 

otoliths (97% of all free otoliths), so free otoliths were excluded from further analyses. 391 

 From the 304 stomachs containing prey, 2,867 prey items (9.4 prey items per 392 

non-empty stomach), weighing 40.8 kg, were identified macroscopically. Of these, 178 393 

prey items were analyzed genetically, and 102 (57.3%) were ultimately assigned a final 394 

species-level OTU. In total, 29 prey families were identified. From those 29 families, 45 395 

prey species were identified, 34 of which were fishes. Six families (20.7%) and nine 396 

species (20.0%) were only identified through genetic analyses. Overall, the use of 397 

metabarcoding increased the number of family-level prey identified by 3.2% and 398 

species-level prey identified by 3.8%. Fish prey was more important than invertebrate 399 
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prey (Table 3). Atlantic croaker was the most important prey species. The second and 400 

third most important prey species were Gulf menhaden (Brevoortia patronus) and brown 401 

shrimp (Farfantepenaeus aztecus). Cumulative prey curves indicated that the sample 402 

size of this study was insufficient to adequately describe the diet of crevalle jack at the 403 

species level (b = 0.072) but was sufficient to describe diet at the family level (b = 404 

0.050) (Supplemental Figure 1). Thus, all multivariate analyses were performed at the 405 

family level. 406 

Dietary Variation 407 

 Based on the analysis of the standardized diet data, location explained the 408 

greatest amount of dietary variability, although all four explanatory variables were 409 

significant (Table 4). The interaction between location and year was significant, 410 

indicating that prey communities at each location were likely inconsistent across years. 411 

The variables in the final models accounted for 18.9% (%N) and 19.0% (%W) of the 412 

dietary variability. Dispersion analysis suggested that some of the dietary variability 413 

explained by location, year, and FL may be due to within-group variation in diet 414 

composition (Table 4). 415 

 For the CCA, sex was insignificant and was thus excluded from the models. The 416 

resulting CCA, which included location, year, and FL, explained 6.6% (%N) and 6.4% 417 

(%W) of the overall dietary variability (Figure 6). Prey in the families Carangidae and 418 

Sparidae, along with nondigestible materials (e.g., wood, vegetation), were most 419 

common in the diets of crevalle jack from the east and west nearshore locations. Prey in 420 

the families Ariidae and Penaeidae were correlated with the locations north Mobile Bay, 421 

south Mobile Bay, and north Mississippi Sound, along with the year 2019. Lastly, prey 422 

families Squillidae, Loliginidae, Triglidae, and Portunidae were correlated with the 423 

locations offshore and south Mississippi Sound, the year 2018, and small FL. 424 

 425 

Discussion 426 

 Crevalle jack in the Gulf of Mexico have a moderate lifespan of approximately 20 427 

years, with maximum ages of 17 years in northwest Florida and the Keys (Palko, 1984), 428 

19 years on the east and west coasts of Florida (Snelson, 1992), and 13 years in 429 

Trinidad (Kishore & Solomon, 2005) (Table 1). Although similar to the maximum age 430 
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from our study, other studies lacked older fish, with only 12 specimens older than age 5 431 

from northwest Florida and the Keys (Palko 1984) and only 10 specimens older than 432 

age 5 from the east and west coasts of Florida (Snelson 1992). By comparison, 495 433 

specimens in our study were age 6 years or greater. Thus, our study is the first to 434 

adequately describe the upper age range of crevalle jack, which are likely the 435 

individuals most often caught in recreational fisheries. 436 

 While a variety of factors could be responsible for these differences in crevalle 437 

jack age between studies, a possible explanation stems from differences in size of 438 

crevalle jack between sampling regions (i.e., Mississippi/Alabama versus Florida). The 439 

mean size of fishery-dependent Alabama crevalle jack captured by hook-and-line was 440 

868 mm FL. In contrast, the mean size of fishery-independent Alabama crevalle jack 441 

captured by gillnet, seine, or trawl was 126 mm FL. Noting a striking absence of 442 

medium-sized crevalle jack from the Alabama datasets (Figure 3A, 3B), we 443 

hypothesized that medium-sized fish were lacking from the fishery-independent 444 

Alabama dataset due to small sample size (n = 22). Therefore, we examined all catch 445 

data from fishery-independent gillnet sampling in Alabama during 2000 to 2019. 446 

Surprisingly, many crevalle jack were sampled with gillnets (n = 341), but none were 447 

between 230 and 620 mm FL (Figure 7; J. Mareska / Alabama Marine Resources 448 

Division, unpublished data). Together, these three datasets indicate that the 449 

Mississippi/Alabama region may be lacking discrete age classes that represent 450 

medium-sized crevalle jack, though gear selectivity could be a contributing factor. 451 

To further investigate this observation, we examined recent (2011 to 2020) 452 

Marine Recreational Information Program length frequency data for noticeable 453 

differences between sizes of crevalle jack caught by recreational anglers in Mississippi, 454 

Alabama, and Florida’s west (Gulf) coast (National Marine Fisheries Service Fisheries 455 

Statistics Division [NMFS] personal communication, date of inquiry: 8 September 2021). 456 

Strikingly, 62.6% of crevalle jack caught in Mississippi and Alabama measured greater 457 

than 620 mm FL, whereas only 1.5% of fish caught in Florida met this criterion. 458 

Moreover, while only 28.4% of Mississippi and Alabama crevalle jack measured 459 

between 230 and 620 mm FL, 85.9% of Florida fish fell into this length range. Thus, we 460 

conclude that the lack of older (ages 6+) crevalle jack in the Florida-based studies was 461 
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most likely driven by a scarcity of larger crevalle jack in Florida waters, more so than 462 

differences in sampling design. Perhaps these differences between Florida and the 463 

northern Gulf of Mexico are driven by an ontogenetic shift, wherein subadults reside in 464 

Florida before moving northwest as adults. Saloman & Naughton (1984) sampled many 465 

large crevalle jack from northwest Florida, so a lack of larger crevalle jack may not apply 466 

to that region. Clearly, further research is necessary to understand size and age 467 

distribution patterns, particularly in light of stakeholder concerns over crevalle jack 468 

populations in south Florida (Gervasi et al., 2021). 469 

Our growth models were generated from the broadest ranges of crevalle jack 470 

length and age data ever reported, and therefore are the most comprehensive to date 471 

for this species. Our study was also the first to use a multimodel framework to 472 

investigate overall and sex-specific growth of crevalle jack. Although growth may vary 473 

across our sampling region to some degree, we assumed that these differences would 474 

be negligible relative to modeling growth since all samples were collected from the 475 

eastern half of the Gulf of Mexico. The logistic growth model best fit the overall age 476 

data, presumably because it better fit intermediate-aged fish (age range of 477 

approximately 4 to 10 years) than the VBGF (Figure 5). The overall VBGF growth 478 

parameters estimated from our study are somewhat different from those reported in 479 

previous otolith-based studies (Snelson, 1992; Kishore & Solomon, 2005) (Table 2). 480 

The k estimate from the east and west coasts of Florida was very close to ours, yet the 481 

L∞ estimate from the same location was much larger than ours (Snelson 1992). 482 

Furthermore, the L∞ estimate from Trinidad was relatively close to ours, but the k 483 

estimate from that location was considerably smaller than ours (Kishore and Solomon 484 

2005). Both situations (larger L∞ estimate, smaller k estimate) are likely due to a lack of 485 

older specimens in the previous studies, as further evidenced by the large standard 486 

error value associated with the L∞ estimate from Trinidad (Kishore and Solomon 2005). 487 

Although overall growth was best represented by the logistic growth model, sex-488 

specific growth was best represented by the VBGF (Figure 5). This can be attributed to 489 

the absence of sexed fish measuring less than 500 mm FL, which corresponds to an 490 

age of approximately 3 years. The best-fitting version of the VBGF suggests sexual 491 

dimorphism, with female crevalle jack reaching greater maximum lengths than males 492 
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(Table 2, Figure 5). The only other study to model sex-specific growth reported a larger 493 

L∞ estimate and smaller k estimate for females than males (Kishore & Solomon, 2005). 494 

However, sex-specific growth was only modeled for ages 1 to 9 years. Snelson (1992) 495 

did not model sex-specific growth, but the author reported that males were uncommon 496 

at lengths greater than 800 mm FL. Length-weight relationships did not differ 497 

significantly between sexes in our study area, unlike near Bocas de Ceniza, Colombia, 498 

where females weighed significantly more than males at the same length (Caiafa, 499 

Narváez, & Borrero, 2011). 500 

 While most previous crevalle jack diet studies reported prey in the order 501 

Clupeiformes as the most dominant prey (Fagade & Olaniyan, 1972; Kwei, 1978; 502 

Saloman & Naughton, 1984; Correia et al., 2017), we found that prey in the order 503 

Sciaeniformes (48.8% PSIRI), particularly Atlantic croaker (42.0% PSIRI), was far more 504 

important in diets of crevalle jack in Mississippi and Alabama. Since most of our diet 505 

data were obtained through fishery-dependent sampling, and fishes were the most 506 

common bait (86.9%), it is possible that our results could be biased by our sampling 507 

design. However, any bias is likely minimal because the degree of piscivory in our study 508 

is consistent with that from other studies. The significance of location and the interaction 509 

between location and year demonstrate that crevalle jack in the Gulf of Mexico have a 510 

large dietary breadth, allowing them to consume the more available prey in spatially and 511 

temporally varying assemblages. Unsurprisingly, crevalle jack caught at inshore 512 

locations consumed estuarine prey, including Ariidae, Penaeidae, and Clupeidae, 513 

whereas crevalle jack caught at nearshore sites consumed prey more associated with 514 

nearshore habitats, such as Carangidae and Sparidae. The common consumption of 515 

Ariidae further demonstrates the influence of prey availability on crevalle jack diet, as 516 

these species are hazardous to consume due to their large, venomous, serrated spines 517 

(Ronje et al., 2017; Jargowsky, Cooper, Ajemian, Colvin, & Drymon, 2020). Collectively, 518 

our results indicate that crevalle jack diet should be expected to consist of the most 519 

spatially and temporally available prey rather than specific prey deemed important in 520 

other studies. 521 

 Although previous studies have designated crevalle jack as primarily active 522 

feeders, the species has been observed following commercial shrimp trawlers to feed 523 
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out of their nets and on trawl discards (Johnson, Murray, & Griffith, 1985). Interestingly, 524 

this behavior has been observed in other active pelagic predators in the Gulf of Mexico, 525 

such as yellowfin tuna (Thunnus albacares) (Lovell, 2021). This behavior was strikingly 526 

evident among a large portion of crevalle jack stomachs examined during our study. 527 

Stomachs were often filled to capacity with various partially digested prey species 528 

commonly discarded by commercial shrimp trawlers. Even when stomachs were not 529 

filled to capacity, many contained evidence of massive past feeding events in the form 530 

of loose otoliths. While the length of time these otoliths would remain in a crevalle jack 531 

stomach before passing is unknown, the process is not likely to take much more than 24 532 

hours (Jobling & Breiby, 1986). These results, combined with on-the-water observations 533 

by commercial and recreational fishermen, indicate that the commercial shrimp fishery 534 

subsidizes a large portion of the diet of adult crevalle jack in Mississippi and Alabama. 535 

 While the majority of the crevalle jack stomachs examined in our study were 536 

collected during the month of July, our results are likely an adequate representation of 537 

adult crevalle jack diet throughout the year in Mississippi and Alabama for several 538 

reasons. First, adult crevalle jack only occur seasonally in this area. From 2011 to 2020, 539 

91.7% of recreational landings for the species in Mississippi and Alabama occurred 540 

during July through October. The fishery-independent gillnet data from Alabama also 541 

suggest seasonal occurrence of crevalle jack, as 56 of the 62 adult crevalle jack 542 

collected from this survey, or 90.3%, were captured during July through October. 543 

Additionally, this summer to early fall time frame overlaps with the commercial shrimp 544 

seasons in Mississippi and Alabama. Therefore, shrimp trawl discards should be 545 

expected to remain important to the diet of adult crevalle jack throughout their seasonal 546 

presence in these waters. Although the diet of adult crevalle jack in Mississippi and 547 

Alabama may change from July to October as prey assemblages shift, the impacts of 548 

crevalle jack on coastal food webs likely remain the same. 549 

Our study provides the most comprehensive crevalle jack ages and growth 550 

parameters to date, and our extensive sampling of adult crevalle jack enabled us to 551 

confidently estimate the maximum age of the species in the Gulf of Mexico. Although 552 

our study area was limited to the Gulf of Mexico, our findings can be used in future age-553 

based stock assessments for crevalle jack in the Gulf and in other portions of its range, 554 
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particularly where region-specific management plans are lacking. It also contributes 555 

novel insight into the dietary preferences of adult crevalle jack in estuaries and in 556 

Mississippi and Alabama and illustrates differences in diet across spatial and temporal 557 

scales. This information is useful for ecosystem approaches to fisheries management, 558 

particularly for species like Gulf menhaden (Brevoortia patronus), which comprises the 559 

largest commercial fishery in the U.S. Gulf of Mexico by weight (Brown-Peterson, Leaf, 560 

Schueller, & Andres, 2017; Anstead et al. 2021). Despite these findings, our study 561 

highlights critical research needs for the species. Until crevalle jack movement and 562 

migration patterns are fully understood, especially as they relate to ontogeny, it will be 563 

challenging to explain stark differences in size distributions across regions, including the 564 

one we observed between Mississippi/Alabama and Florida. Additionally, although most 565 

crevalle jack caught by recreational anglers are released after capture, post-release 566 

mortality of the species is presently unknown. Given the importance of crevalle jack as 567 

coastal sportfish (Gervasi et al., 2021) and predators, additional research is essential to 568 

address these and other knowledge gaps before future management measures are 569 

initiated for the species. 570 

References 571 

Adams, C., Jacob, S., & Smith, S. (2001). What happened after the net ban? University 572 

of Florida Cooperative Extension Service, Institute of Food and Agriculture 573 

Sciences, EDIS. 574 

Akaike, H. (1998). Information theory and an extension of the maximum likelihood 575 

principle. In Selected papers of Hirotogu Akaike (pp. 199-213). Springer, New 576 

York, NY. 577 

Anderson, D. R., & Burnham, K. P. (2002). Model selection and multimodel inference 578 

(2nd ed.). Springer, New York, NY. 579 

Anderson, M. J., & Walsh, D. C. I. (2013). PERMANOVA, ANOSIM, and the Mantel test 580 

in the face of heterogeneous dispersions: What null hypothesis are you testing? 581 

Ecological Monographs, 83(4), 557-574. 582 

Anstead, K. A., Drew, K., Chagaris, D., Schueller, A. M., McNamee, J. E., Buchheister, 583 

A., ... & Townsend, C. (2021). The path to an ecosystem approach for forage fish 584 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

management: A case study of Atlantic menhaden. Frontiers in Marine Science, 8, 585 

491. 586 

Baty, F., Ritz, C., Charles, S., Brutsche, M., Flandrois, J.-P., & Delignette-Muller, M.-L. 587 

(2015). A toolbox for nonlinear regression in R: The package nlstools. Journal of 588 

Statistical Software, 66(5), 1-21. 589 

Beamish, R. J., & Fournier, D. A. (1981). A method for comparing the precision of a set 590 

of age determinations. Canadian Journal of Fisheries and Aquatic Sciences, 591 

38(8), 982-983. 592 

Benson, N. G. (Ed.) (1982). Life history requirements of selected finfish and shellfish in 593 

Mississippi Sound and adjacent areas. FWS/OBS-81/51. U.S. Fish and Wildlife 594 

Service, Office of Biological Services, Washington, D.C. 595 

Berry, F. H. (1959). Young jack crevalles (Caranx species) off the southeastern Atlantic 596 

coast of the United States. Fishery Bulletin, 152, 417-435. 597 

von Bertalanffy, L. (1938). A quantitative theory of organic growth (inquiries on growth 598 

laws II). Human Biology, 10(2), 181-213. 599 

Bizzarro, J. J., Smith, W. D., Castillo-Géniz, J. L., Ocampo-Torres, A., Márquez-Farías, 600 

J. F., & Hueter, R. E. (2009). The seasonal importance of small coastal sharks 601 

and rays in the artisanal elasmobranch fishery of Sinaloa, Mexico. Pan-American 602 

Journal of Aquatic Sciences, 4(4), 513-531. 603 

Bizzarro, J. J., Yoklavich, M. M., & Wakefield, W. W. (2017). Diet composition and 604 

foraging ecology of US Pacific Coast groundfishes with applications for fisheries 605 

management. Environmental Biology of Fishes, 100(4), 375-393. 606 

ter Braak, C. J., & Verdonschot, P. F. (1995). Canonical correspondence analysis and 607 

related multivariate methods in aquatic ecology. Aquatic Sciences, 57(3), 255-608 

289. 609 

Briggs, J. C. (1960). Fishes of worldwide (circumtropical) distribution. Copeia, 1960(3), 610 

171-180. 611 

Brown, S. C., Bizzarro, J. J., Cailliet, G. M., & Ebert, D. A. (2012). Breaking with 612 

tradition: Redefining measures for diet description with a case study of the 613 

Aleutian skate Bathyraja aleutica (Gilbert 1896). Environmental Biology of 614 

Fishes, 95(1), 3-20. 615 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

Brown-Peterson, N. J., Leaf, R. T., Schueller, A. M., & Andres, M. J. (2017). 616 

Reproductive dynamics of Gulf menhaden (Brevoortia patronus) in the northern 617 

Gulf of Mexico: effects on stock assessments. Fishery Bulletin, 115(3), 284-299. 618 

Caiafa, I., Narváez, J., & Borrero, S. (2011). Algunos aspectos de la dinámica 619 

poblacional del jurel Caranx hippos (Pisces: Carangidae) en Bocas de Ceniza, 620 

Caribe colombiano. Revista MVZ Córdoba, 16(1), 2324-2335. 621 

Campana, S. E. (2001). Accuracy, precision and quality control in age determination, 622 

including a review of the use and abuse of age validation methods. Journal of 623 

Fish Biology, 59(2), 197-242. 624 

Carpenter, K. E. (2002). Carangidae. In Carpenter, K. E., & De Angelis, N. (Eds.), The 625 

living marine resources of the Western Central Atlantic (pp. 1426-1468). Food 626 

and Agriculture Organization of the United Nations, Rome. 627 

Chipps, S. R., & Garvey, J. E. (2007). Assessment of diet and feeding patterns. In Guy, 628 

C. S., & Brown, M. L. (Eds.), Analysis and interpretation of freshwater fisheries 629 

data (pp. 473-514). American Fisheries Society, Bethesda, MD. 630 

Clarke, K. R., Gorley, R. N., Somerfield, P. J., & Warwick, R. M. (2014). Change in 631 

marine communities: An approach to statistical analysis and interpretation. 632 

Primer-E Ltd., Plymouth, England. 633 

Colwell, R. K., Chao, A., Gotelli, N. J., Lin, S. Y., Mao, C. X., Chazdon, R. L., & Longino, 634 

J. T. (2012). Models and estimators linking individual-based and sample-based 635 

rarefaction, extrapolation and comparison of assemblages. Journal of Plant 636 

Ecology, 5(1), 3-21. 637 

Correia, E., Granadeiro, J. P., Regalla, A., Dias, E., Almeida, A., & Catry, P. (2017). 638 

Predatory pelagic fishes of the Bijagós Archipelago (Guinea-Bissau) show high 639 

overlap in diets dominated by sardinella. African Journal of Marine 640 

Science, 39(4), 389-396. 641 

Ditty, J. G., Shaw, R. F., & Cope, J. S. (2004). Distribution of carangid larvae (Teleostei: 642 

Carangidae) and concentrations of zooplankton in the northern Gulf of Mexico, 643 

with illustrations of early Hemicaranx amblyrhynchus and Caranx spp. 644 

larvae. Marine Biology, 145(5), 1001-1014. 645 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

Fagade, S. O., & Olaniyan, C. I. O. (1973). The food and feeding interrelationship of the 646 

fishes in the Lagos Lagoon. Journal of Fish Biology, 5(2), 205-225. 647 

Ferry, L. A., & Cailliet, G. M. (1996). Sample size and data analysis: Are we 648 

characterising and comparing diet properly? In MacKinlay, D., & Shearer, K. 649 

(Eds.), Gutshop 096: Feeding ecology and nutrition in fish symposium 650 

proceedings (pp. 71-80). American Fisheries Society, San Francisco, CA. 651 

Florida Fish and Wildlife Conservation Commission. (2020). Marine fisheries workplan 652 

review and discussion. Retrieved from https://myfwc.com/media/24088/5a-653 

presentation-mfm-workplan.pdf. 654 

Geller, J., Meyer, C., Parker, M., & Hawk, H. (2013). Redesign of PCR primers for 655 

mitochondrial cytochrome c oxidase subunit I for marine invertebrates and 656 

application in all‐taxa biotic surveys. Molecular Ecology Resources, 13(5), 851-657 

861. 658 

Gervasi, C. L., Santos, R. O., Rezek, R. J., James, W. R., Boucek, R. E., Bradshaw, C., 659 

... & Rehage, J. S. (2021). Bottom-up conservation: Using translational ecology 660 

to inform conservation priorities for a recreational fishery. Canadian Journal of 661 

Fisheries and Aquatic Sciences. 662 

Gompertz, B. (1825). XXIV. On the nature of the function expressive of the law of 663 

human mortality, and on a new mode of determining the value of life 664 

contingencies. Philosophical Transactions of the Royal Society of London, 115, 665 

513-583. 666 

Hyslop, E. J. (1980). Stomach contents analysis—a review of methods and their 667 

application. Journal of Fish Biology, 17(4), 411-429. 668 

Jargowsky, M. B., Cooper, P. T., Ajemian, M. J., Colvin, M. E., & Drymon, J. M. (2020). 669 

Discerning the dietary habits of the smooth butterfly ray Gymnura lessae using 670 

two distinct methods, otolith identification and metagenetics. Journal of Fish 671 

Biology, 96(2), 434-443. 672 

Jefferson, A. E., Allman, R. J., Pacicco, A. E., Franks, J. S., Hernandez, F. J., Albins, M. 673 

A., ... & Drymon, J. M. (2019). Age and growth of gray triggerfish (Balistes 674 

capriscus) from a north-central Gulf of Mexico artificial reef zone. Bulletin of 675 

Marine Science, 95(2), 177-195. 676 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

https://myfwc.com/media/24088/5a-presentation-mfm-workplan.pdf
https://myfwc.com/media/24088/5a-presentation-mfm-workplan.pdf


 

This article is protected by copyright. All rights reserved 

Jobling, M., & Breiby, A. (1986). The use and abuse of fish otoliths in studies of feeding 677 

habits of marine piscivores. Sarsia, 71(3-4), 265-274. 678 

Johnson, G. D. (1978). Caranx hippos (Linnaeus), Crevalle jack. In Johnson, G. D (Ed.), 679 

Development of fishes of the Mid-Atlantic Bight: An atlas of egg, larval, and 680 

juvenile stages, volume IV: Carangidae through Ephippidae (pp. 35-38). 681 

FWS/OBS-78/12. 682 

Johnson, J., Murray, J., & Griffith, D. (1985). Crevalle jack: Fighting for recognition. 683 

NCU-G-85-013. 684 

Katsanevakis, S., & Maravelias, C. D. (2008). Modelling fish growth: Multi‐model 685 

inference as a better alternative to a priori using von Bertalanffy equation. Fish 686 

and Fisheries, 9(2), 178-187. 687 

Kemper, J. M., Bizzarro, J. J., & Ebert, D. A. (2017). Dietary variability in two common 688 

Alaskan skates (Bathyraja interrupta and Raja rhina). Marine Biology, 164(3), 52. 689 

Kishore, R., & Solomon, F. (2005). Age and growth studies of Caranx hippos (crevalle 690 

jack) from Trinidad using hard-parts. Proceedings of the 56th Gulf and Caribbean 691 

Fisheries Institute, 56, 227-239. 692 

Kwei, E. A. (1978). Food and spawning activity of Caranx hippos (L.) off the coast of 693 

Ghana. Journal of Natural History, 12(2), 195-215. 694 

Legault, C. M., & Restrepo, V. R. (1998). A flexible forward age-structured assessment 695 

program. SFD-98/99-16. 696 

Leray, M., Yang, J. Y., Meyer, C. P., Mills, S. C., Agudelo, N., Ranwez, V., ... & 697 

Machida, R. J. (2013). A new versatile primer set targeting a short fragment of 698 

the mitochondrial COI region for metabarcoding metazoan diversity: Application 699 

for characterizing coral reef fish gut contents. Frontiers in Zoology, 10(1), 1-14. 700 

Lovell, M. S. (2021). Seasonal variation in the feeding ecology of yellowfin tuna 701 

(Thunnus albacares) from the northern Gulf of Mexico. Master’s thesis, Louisiana 702 

State University.  703 

McBride, R. S., & McKown, K. A. (2000). Consequences of dispersal of subtropically 704 

spawned crevalle jacks, Caranx hippos, to temperate estuaries. Fishery 705 

Bulletin, 98(3), 528-538. 706 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

Mohan, J. A., Sutton, T. T., Cook, A. B., Boswell, K. M., & Wells, R. J. D. (2017). 707 

Influence of oceanographic conditions on abundance and distribution of post‐708 

larval and juvenile carangid fishes in the northern Gulf of Mexico. Fisheries 709 

Oceanography, 26(5), 526-541. 710 

Nelson, T. R., Jefferson, A. E., Cooper, P. T., Buckley, C. A., Heck Jr, K. L., & Mattila, J. 711 

(2018). Eurasian perch Perca fluviatilis growth and fish community structure, 712 

inside and outside a marine‐protected area in the Baltic Sea. Fisheries 713 

Management and Ecology, 25(3), 172-185. 714 

Ogle, D. H. (2016). Introductory fisheries analyses with R. CRC Press, Boca Raton, FL. 715 

Ogle, D. H., Wheeler, P., & Dinno, A. (2021). FSA: Fisheries stock analysis. R package 716 

version 0.8.32. Retrieved from https://github.com/droglenc/FSA. 717 

Oksanen, J., Blanchet, F. G., Friendly, M., Kindt, R., Legendre, P., McGlinn, D., 718 

Minchin, P. R., O’Hara, R. B., ... & Wagner, H. (2020). vegan: Community 719 

ecology package. R package version 2.5-7. Retrieved from http://CRAN.R-720 

project.org/package=vegan. 721 

Palko, B. J. (1984). An evaluation of hard parts for age determination of pompano 722 

(Trachinotus carolinus), ladyfish (Elops saurus), crevalle jack (Caranx hippos), 723 

gulf flounder (Paralichthys albigutta), and southern flounder (Paralichthys 724 

lethostigma). NOAA Technical Memorandum NMFS-SEFC-132. US Department 725 

of Commerce, National Oceanic and Atmospheric Administration, National 726 

Marine Fisheries Service, Southeast Fisheries Center, Panama City Laboratory. 727 

Quantum GIS Development Team. (2021). Quantum GIS geographic information 728 

system. Open Source Geospatial Foundation Project. Retrieved from 729 

https://www.qgis.org/en/site/index.html. 730 

R Core Team. (2021). R: A language and environment for statistical computing. R 731 

Foundation for Statistical Computing, Vienna, Austria. 732 

Ricker, W. E. (1975). Computation and interpretation of biological statistics of fish 733 

populations. Bulletin of the Fisheries Research Board of Canada, 191, 1-382. 734 

Ronje, E. I., Barry, K. P., Sinclair, C., Grace, M. A., Barros, N., Allen, J., ... & Wells, R. 735 

S. (2017). A common bottlenose dolphin (Tursiops truncatus) prey handling 736 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

https://github.com/droglenc/FSA
http://cran.r-project.org/package=vegan
http://cran.r-project.org/package=vegan
https://www.qgis.org/en/site/index.html


 

This article is protected by copyright. All rights reserved 

technique for marine catfish (Ariidae) in the northern Gulf of Mexico. PloS 737 

one, 12(7), e0181179. 738 

Saloman, C. H., & Naughton, S. P. (1984). Food of crevalle jack (Caranx hippos) from 739 

Florida, Louisiana, and Texas. NOAA Technical Memorandum NMFS-SEFC-134. 740 

Shipp, R. L. (2012). Dr. Bob Shipp's guide to fishes of the Gulf of Mexico, 2nd edition. 741 

Dauphin Island Sea Lab. KME Seabooks, Mobile, AL. 742 

Smart, J. J., Chin, A., Tobin, A. J., & Simpfendorfer, C. A. (2016). Multimodel 743 

approaches in shark and ray growth studies: Strengths, weaknesses and the 744 

future. Fish and Fisheries, 17(4), 955-971. 745 

Smith-Vaniz, W. F., & Carpenter, K. E. (2007). Review of the crevalle jacks, Caranx 746 

hippos complex (Teleostei: Carangidae), with a description of a new species from 747 

West Africa. Fishery Bulletin, 105(2), 207-233. 748 

Snelson, F. F. (1992). Biological studies of crevalle jack (Caranx hippos) in Florida. 749 

Florida Marine Research Institute, St. Petersburg, FL. 750 

Thompson, R., & Munro, J. L. (1983). The biology, ecology, and bionomics of the jacks, 751 

Carangidae. In J. L. Munro (Ed.), Caribbean coral reef fishery resources (pp. 35-752 

38). International Center for Living Aquatic Resources Management, Manila, 753 

Philippines. 754 

VanderKooy, S., Carroll, J., Elzey, S., Gilmore, J., & Kipp, J. (Eds.). (2020). A practical 755 

handbook for determining the ages of Gulf of Mexico and Atlantic Coast fishes, 756 

3rd edition. Gulf States Marine Fisheries Commission, Ocean Springs, MS. 757 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

Tables 

Table 1. Study period, study location, sample size (N), sex ratio, size range, weight range, structure(s) aged, and age 

ranges for each published crevalle jack age and growth study to date from the southeastern U.S., Gulf of Mexico, and 

Caribbean. Studies are listed in chronological order. 

 Palko (1984) Snelson (1992) 
Kishore & Solomon 

(2005) 

Caiafa, Narváez, & 

Borrero (2011) 
This Study 

Study Period 1982 1991 - 1992 
1996 - 1997;            

1999 - 2003 
2005 - 2006 2002 - 2020 

Study 

Location 

Northwest Florida and 

Florida Keys 

East and west coasts of 

Florida 
Trinidad Colombia 

Mississippi, Alabama, 

and west coast of Florida 

N 
102; 59 successfully 

aged 

369; 279 successfully 

aged 

327; 268 successfully 

aged 

1,151; 264 used for 

biological analysis 

803; 729 successfully 

aged 

Sex Ratio 

(F:M) 
NA 166:190 or 0.87:1 115:120 or 0.96:1 84:180 or 0.47:1 263:286 or 0.92:1 

Size Range 

(mm FL) 
84 - 934 135 - 959 58 - 848 105 - 965 27 - 975 

Weight 

Range (kg) 
NA 0.07 - 15.2 NA 0.28 - 10.5 0.001 - 16.5 

Structure(s) 

Aged 

Scales, otoliths 

(sectioned), vertebrae, 

dorsal fin rays, anal fin 

rays 

Otoliths (sectioned) 
Otoliths (whole and 

sectioned) 

None; cohort/length 

frequency analysis 

(ELEFAN) was used 

Otoliths (sectioned) 

Overall Age 

Range (yr) 
0 - 17 0 - 19 0 - 13 NA 0.02 - 20.14 
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Female Age 

Range (yr) 
NA 0 - 19 0 - 10 NA 3.27 - 19.14 

Male Age 

Range (yr) 
NA 0 - 15 0 - 13 NA 2.84 - 20.14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. von Bertalanffy growth function (VBGF) parameters published to date for overall (female, male, and unknown 

sex) and sex-specific crevalle jack data. Studies are listed in chronological order, and parameters include predicted fork 

length in millimeters (L∞), growth coefficient in year-1 (k), and the hypothetical age at which length equals 0 in years (t0). 

Standard error values are shown in parentheses. 
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 VBGF Parameters Snelson (1992) Kishore & Solomon (2005) Caiafa, Narváez, & Borrero (2011) This Study 

Overall L∞ (SE) 980 908.47 (299.50) 910 925.73 (3.69) 

 k (SE) 0.22 0.12 (0.08) 0.38 0.26 (0.01) 

 t0 (SE) -1.2 -1.63 (1.00) 0.32 0.04 (0.03) 

Female L∞ (SE) NA 1044.00 (303.28) NA 903.04 (2.51) 

 k (SE) NA 0.10 (0.06) NA 0.39 (0.01) 

 t0 (SE) NA -1.67 (0.86) NA 0.73 (0.13) 

Male L∞ (SE) NA 709.42 (174.15) NA 887.16 (2.23) 

 k (SE) NA 0.19 (1.09) NA 0.39 (0.01) 

 t0 (SE) NA -1.09 (1.05) NA 0.73 (0.13) 

 

 

 

 

 

Table 3. Diet composition of crevalle jack stomach contents sampled from 2017 to 2019 in Mississippi, Alabama, and 

west Florida. Metrics include frequency of occurrence (%FO), average percent number (%N), prey-specific number 

(%PN), average percent weight (%W), prey-specific weight (%PW), and prey-specific index of relative importance 

(%PSIRI). Prey are reported at the class, order, family, and species levels and are ordered by hierarchical classification. 

Class-level results are indicated by bold text. 

Class Order Family Species %FO %N %PN %W %PW %PSIRI A
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Miscellaneous 

vegetation 
  

Unidentified 3.3% 0.5% 15.1% 0.5% 15.2% 0.5% 

Malacostraca 
   

43.6% 16.8% 38.6% 15.1% 34.8% 16.0% 

 

Unidentified 

Malacostraca 
 

Unidentified 0.7% 0.1% 12.9% 0.2% 26.2% 0.1% 

 
Decapoda 

  
42.6% 16.0% 37.6% 14.3% 33.6% 15.1% 

  

Unidentified 

Dendrobranchiata Unidentified 0.3% 0.0% 3.2% 0.0% 0.8% 0.0% 

  
Sicyoniidae Unidentified 0.7% 0.4% 53.1% 0.4% 53.3% 0.4% 

  
Penaeidae 

 
34.3% 10.9% 31.9% 9.1% 26.5% 10.0% 

   
Farfantepenaeus aztecus 23.8% 6.4% 27.1% 4.8% 20.0% 5.6% 

   
Litopenaeus setiferus 12.5% 4.5% 35.9% 4.3% 34.6% 4.4% 

  

Unidentified 

Pleocyemata Unidentified 3.0% 1.3% 42.3% 1.4% 47.5% 1.3% 

  
Palaemonidae Macrobrachium ohione 0.3% 0.2% 50.0% 0.3% 87.1% 0.2% 

  
Panopeidae Unidentified 0.3% 0.1% 16.7% 0.0% 0.2% 0.0% 

  
Portunidae 

 
6.3% 3.2% 51.5% 3.1% 50.1% 3.2% 

   
Callinectes sapidus 2.6% 1.3% 50.3% 1.3% 50.4% 1.3% 
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Callinectes similis 3.0% 1.7% 57.7% 1.7% 56.8% 1.7% 

   
Portunus gibbesii 0.7% 0.2% 28.1% 0.1% 18.9% 0.2% 

 
Stomatopoda Squillidae Squilla sp. 2.3% 0.7% 32.3% 0.7% 29.8% 0.7% 

Bivalvia 
   

0.7% 0.2% 33.3% 0.4% 55.4% 0.3% 

 

Unidentified 

Bivalvia 
 

Unidentified 0.3% 0.1% 16.7% 0.1% 19.4% 0.1% 

 
Ostreida Ostreidae Crassostrea virginica 0.3% 0.2% 50.0% 0.3% 91.5% 0.2% 

Cephalopoda Myopsina Loliginidae Lolliguncula brevis 4.6% 1.0% 22.7% 1.0% 21.5% 1.0% 

Gastropoda Littorinimorpha 
  

1.0% 0.7% 66.7% 0.4% 39.2% 0.5% 

  
Littorinidae Littoraria irrorata 0.3% 0.3% 100.0% 0.3% 100.0% 0.3% 

  
Naticidae Sinum perspectivum 0.3% 0.1% 25.0% 0.0% 1.1% 0.0% 

 
Neogastropoda Olividae Oliva sayana 0.3% 0.2% 75.0% 0.1% 16.5% 0.2% 

Elasmobranchii Carcharhiniformes Carcharhinidae 

Rhizoprionodon 

terraenovae 0.3% 0.0% 8.3% 0.2% 52.4% 0.1% 

Teleostei 
   

91.7% 80.7% 88.0% 82.4% 89.8% 81.6% 

 

Unidentified 

Actinopterygii  
 

Unidentified 14.2% 5.3% 37.1% 4.3% 30.4% 4.8% 
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Clupeiformes 

  
21.5% 9.1% 42.3% 9.2% 42.7% 9.1% 

  
Clupeidae 

 
19.8% 8.3% 41.8% 8.8% 44.3% 8.5% 

   
Brevoortia patronus 18.2% 7.4% 40.7% 8.0% 43.8% 7.7% 

   
Dorosoma petenense 0.3% 0.2% 50.0% 0.0% 12.9% 0.1% 

   
Harengula jaguana 1.3% 0.4% 28.8% 0.4% 33.0% 0.4% 

   
Opisthonema oglinum 0.3% 0.3% 100.0% 0.3% 100.0% 0.3% 

  
Engraulidae 

 
4.0% 0.8% 20.6% 0.4% 9.7% 0.6% 

   
Anchoa hepsetus 3.0% 0.7% 23.4% 0.4% 11.8% 0.5% 

    
1.0% 0.1% 12.2% 0.0% 3.6% 0.1% 

 
Siluriformes Ariidae 

 
19.1% 7.3% 38.2% 6.8% 35.5% 7.1% 

   
Ariopsis felis 6.6% 2.9% 44.6% 2.9% 44.0% 2.9% 

   
Bagre marinus 10.6% 3.2% 30.1% 2.8% 26.5% 3.0% 

   
Unidentified 2.3% 1.2% 51.5% 1.1% 47.4% 1.1% 

 
Aulopiformes Synodontidae Synodus foetens 1.0% 0.3% 25.3% 0.2% 16.7% 0.2% 

 
Ophidiiformes Ophidiidae Ophidion josephi 0.3% 0.1% 16.7% 0.0% 5.6% 0.0% 

 
Scombriformes 

  
18.8% 5.4% 28.6% 5.6% 29.7% 5.5% 
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Scombridae 

 
0.7% 0.0% 7.5% 0.1% 18.6% 0.1% 

   
Scomberomorus cavalla 0.3% 0.0% 2.5% 0.0% 5.8% 0.0% 

   
Scomberomorus maculatus 0.3% 0.0% 12.5% 0.1% 31.4% 0.1% 

  
Stromateidae Peprilus paru 0.3% 0.3% 100.0% 0.3% 100.0% 0.3% 

  
Trichiuridae Trichiurus lepturus 18.2% 5.0% 27.5% 5.1% 28.2% 5.1% 

 
Carangiformes Carangidae 

 
5.0% 1.7% 35.1% 1.9% 37.4% 1.8% 

   
Caranx crysos 0.3% 0.5% 50.0% 0.6% 93.3% 0.2% 

   
Chloroscombrus chrysurus 3.0% 1.0% 32.2% 1.0% 34.7% 1.0% 

   
Selene setapinnis 1.3% 0.3% 20.0% 0.2% 13.3% 0.2% 

   
Selene vomer 0.3% 0.0% 6.5% 0.0% 2.9% 0.0% 

 
Pleuronectiformes 

  
1.3% 0.5% 39.4% 0.5% 35.9% 0.5% 

  
Achiridae Trinectes maculatus 1.0% 0.5% 51.5% 0.5% 47.1% 0.5% 

  
Paralichthyidae Etropus crossotus 0.3% 0.0% 3.2% 0.0% 2.4% 0.0% 

 

Eupercaria incertae 

sedis Sciaenidae 
 

68.0% 47.7% 70.1% 50.6% 74.4% 49.1% 

   
Bairdiella chrysoura 0.3% 0.0% 2.8% 0.0% 6.9% 0.0% A
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Cynoscion arenarius 7.3% 1.3% 17.6% 1.4% 19.2% 1.3% 

   
Larimus fasciatus 4.6% 0.5% 10.8% 0.3% 5.5% 0.4% 

   
Leiostomus xanthurus 12.9% 3.7% 28.8% 4.9% 38.1% 4.3% 

   
Menticirrhus americanus 1.3% 0.5% 35.5% 0.6% 43.6% 0.5% 

   
Micropogonias undulatus 63.7% 41.4% 64.9% 43.3% 67.9% 42.3% 

   
Stellifer lanceolatus 3.0% 0.3% 11.3% 0.2% 6.5% 0.3% 

 
Lutjaniformes Lutjanidae Lutjanus campechanus 0.3% 0.2% 55.6% 0.2% 66.4% 0.2% 

 
Spariformes Sparidae 

 
4.0% 2.2% 54.6% 1.9% 46.9% 2.0% 

   
Lagodon rhomboides 1.3% 0.6% 42.4% 0.7% 51.0% 0.6% 

   
Stenotomus caprinus 3.0% 1.6% 53.9% 1.2% 39.8% 1.4% 

 
Tetraodontiformes Tetraodontidae Lagocephalus laevigatus 0.3% 0.1% 16.7% 0.0% 6.8% 0.0% 

 
Perciformes Serranidae Centropristis philadelphica 0.3% 0.0% 3.6% 0.0% 0.6% 0.0% 

  Scorpaeniformes Triglidae Prionotus longispinosus 2.6% 1.0% 39.7% 1.4% 51.4% 1.2% 
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Table 4. Outputs of the permutational multivariate analysis of variance models for the 

diet composition of crevalle jack stomach contents sampled from 2017 to 2019 in 

Mississippi, Alabama, and west Florida. Metrics include degrees of freedom (df), F-

statistic (F), amount of variability explained (R2), P-value (P), and results of dispersion 

analysis (*P < 0.05, **P < 0.01). Metrics are reported for average percent number (%N) 

and average percent weight (%W). 

   %N  %W 

Model(s) Variables(s) df F R2 P   F R2 P  

Independent Sex 2 2.413 0.016 0.010   2.470 0.016 0.009  

variables Fork length 1 6.070 0.020 < 0.001 **  6.037 0.020 < 0.001 * 

 Location 7 2.615 0.058 < 0.001 **  2.427 0.054 < 0.001 ** 

 Year 2 4.259 0.028 < 0.001 **  3.912 0.025 < 0.001 * 

Interactions Sex x fork length 2 1.634 0.010 0.080   1.563 0.010 0.109  

 Sex x location 9 1.205 0.034 0.160   1.321 0.037 0.080  

 Sex x year 3 1.023 0.010 0.410   1.050 0.010 0.379  

 Fork length x location 7 1.387 0.030 0.059   1.558 0.034 0.020  

 Fork length x year 2 1.162 0.007 0.278   1.073 0.007 0.353  

 Location x year 14 1.904 0.080 < 0.001   2.018 0.085 0.001  

Final model Location 7 2.842 0.058 < 0.001 **  2.650 0.054 < 0.001 ** 

 Year 2 4.223 0.025 < 0.001 **  3.843 0.023 < 0.001 * 

 Fork length 1 4.470 0.013 0.001 *  4.964 0.015 < 0.001 * 

 Sex 2 2.993 0.018 0.003   3.003 0.018 0.003  

 Location x year 14 1.837 0.076 < 0.001   1.952 0.080 < 0.001  

 Residuals 276  0.811     0.810   

 

Figures 

Figure 1. Gulf of Mexico crevalle jack recreational catch by type (released alive, 

reported harvest, and observed harvest) from 1981 to 2020 according to NOAA 

Fisheries’ Marine Recreational Information Program data. Catch is reported in millions 

of fish. 
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Figure 2. Map showing the locations where crevalle jack were sampled during the 

present study (2002 to 2020) via hook-and-line, gillnet, seine, trawl, haul seine, or 

trammel net. Circle size corresponds to the number of samples, with larger circles 

indicating greater numbers of samples. While fishery-independent points (yellow) 

represent exact catch locations, fishery-dependent points (maroon) represent general 

catch locations. The map was generated using Quantum GIS (Quantum GIS 

Development Team 2021). 

Figure 3. Length frequency distributions, with females in red, males in blue, and 

unknown sex in gray, of crevalle jack sampled from (A) fishery-dependent sampling in 

Alabama from 2017 to 2019, (B) fishery-independent sampling from gillnet, seine, and 

trawl surveys in Alabama during 2020, and (C) fishery-independent sampling from haul 

seine, trammel net, and hook-and-line surveys along Florida’s west coast from 2002 to 

2014. 

Figure 4. Cross-sections, with ventral annotations, of crevalle jack otoliths from 

individual fish with assigned age classes of (A) 0 years, (B) 4 years, (C) 9 years, and 

(D) 20 years sampled from 2017 to 2020 in Alabama. Opaque zones counted for age 

estimation are marked with a white dot. 

Figure 5. Overall logistic (black solid line), overall von Bertalanffy growth function (black 

dashed line), and sex-specific von Bertalanffy growth function (red and blue dashed 

lines) growth curves based on crevalle jack fractional ages estimated from otoliths 

collected in Mississippi, in Alabama, and along Florida’s west coast from 2002 to 2020. 

Figure 6. Canonical correspondence analysis biplots for (A) percent number of prey 

(%N) and (B) percent weight of prey (%W) from the present study, showing the 

relationships between the explanatory variables (blue) from the final model in the 

permutational multivariate analysis of variance analysis and prey families (red). Crevalle 

jack stomach contents used for this analysis were collected from fishery-dependent 

sampling in Alabama from 2017 to 2019. 

Figure 7. Length frequency distribution of all crevalle jack sampled during Alabama’s 

fishery-independent gillnet survey from 2000 to 2019. 
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Supplemental Figure 1. Cumulative prey curves (± standard deviation) showing prey 

richness (number of prey taxa) at the (A) family level and (B) species level for crevalle 

jack sampled from 2017 to 2019 in Mississippi, Alabama, and west Florida. 
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