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ABSTRACT: Feeding habits, seasonal diet variation, and predator size-prey size relationships of red drum (Sciaenops
ocellatus) were investigated in Galveston Bay, Texas through stomach contents analysis. A total of 598 red drum ranging
from 291-763 mm total length were collected and their stomach contents analyzed during fall 1997 and spring 1998.
The diet of red drum showed significant seasonal patterns, and was dominated by white shrimp (Penaeus setiferus) during
fall and gulf menhaden (Brevoortia patronus) during spring. Blue crab (Callinectes sapidus) was an important component
of red drum diets during both seasons. Significant differences existed between prey types consumed during fall and
spring as red drum diet reflected seasonal variation in prey availability. Predictive regression equations were generated
to estimate original carapace width of blue crabs from several measurements taken from carapace fragments recovered
in red drum stomachs. Regressions were highly significant (r?> > 0.97) and increased the number of blue crabs with size
information nearly three fold. Predator size-prey size relationships were determined for red drum feeding on white
shrimp, gulf menhaden, and blue crab. Although regression slopes were statistically significant, prey sizes increased only
slightly with increasing red drum size. Comparisons of prey sizes consumed by red drum with sizes occurring in the field
indicate that red drum feed in nearshore shallow water habitats, which serve as nursery areas for many juvenile fishes
and crustaceans. Our findings demonstrate that red drum feed on several prey species of commercial and recreational

value and may have important effects on estuarine community structure.

Introduction

The effect of predaceous fishes on the compo-
sition of aquatic ecosystems can be significant.
Mortality induced by predation can reduce prey
abundances locally and may limit prey recruitment
in some systems (Nielsen 1980; Hartman and Mar-
graf 1993; Bailey 1994). Predation by fishes is often
size-dependent leading to increased mortality at
specific life stages of prey (Werner and Gilliam
1984) and to potential shifts in the size distribu-
tions of surviving individuals (Rice et al. 1993). To
begin to quantify potential effects of fish predation
on community structure and prey populations, de-
tailed information is needed on the feeding habits
of important predators.

The red drum (Sciaenops ocellatus) is an abun-
dant estuarine-dependent fish that is widely distrib-
uted throughout the Gulf of Mexico (Pattillo et al.
1997). Adults spawn in nearshore Gulf waters close
to the mouths of passes and inlets during late sum-
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mer and early fall (Pearson 1929; Peters and
McMichael 1987; Comyns et al. 1991). Larvae are
transported through passes into estuaries via tidal
currents, where they settle in shallow nursery areas
and remain through the juvenile stage (Holt et al.
1989; Rooker and Holt 1997). Although older red
drum typically migrate to offshore waters during
fall and winter, fish at least as old as age four com-
monly occur in Gulf of Mexico estuaries (Pattillo
et al. 1997).

Past research on red drum feeding habits along
the Gulf coast indicates that red drum diets are
fairly heterogeneous with several crustaceans and
juvenile fishes being important dietary compo-
nents (Boothby and Avault 1971; Bass and Avault
1975; Overstreet and Heard 1978). The diet of red
drum in estuaries along the Texas coast is similar
to that found in other Gulf coast regions, however,
information is limited and dated (Pearson 1929;
Gunter 1945; Knapp 1950; Miles 1950). Previous
research demonstrates that commercially impor-
tant species of shrimp, crabs, and fishes can be
abundant in red drum diets in Gulf coast estuaries,



and that red drum feeding patterns may have a
strong seasonal component.

We determined the diet and feeding habits of
age one and older red drum during fall and spring
in Galveston Bay, Texas, a large estuary on the
north-central Gulf coast. Seasonal variation in diet
composition was examined and related to tempo-
ral patterns in prey availability. The relationship
between red drum size and prey size was examined
for important prey species. Selective feeding pat-
terns of red drum were assessed through compar-
isons of prey types and sizes consumed with those
available in the estuary. We generated a series of
allometric equations used to estimate carapace
width of blue crab (Callinectes sapidus) from dis-
tances between orbital and frontal teeth and assess
the potential for these equations to improve size-
based dietary information for predators feeding on
blue crabs.

Materials and Methods

Red drum (age 1-4) were captured in monofil-
ament gill nets between September 16—November
21, 1997 (fall) and between April 14—June 17, 1998
(spring). During each season, 45 gill nets were set
throughout Galveston Bay, each net being set with-
in a one square nautical mile grid containing
shoreline that was chosen randomly from all avail-
able grids that contained shoreline (Fig. 1). Gill
nets measured 183 m long X 1.2 m deep and con-
sisted of four separate sections (each of 45.7 m
length) of 7.6 cm, 10.2 cm, 12.7 cm, and 15.2 cm
stretched mesh. Gill nets were set within one hour
of sunset and were retrieved the following day be-
tween sunrise and four hours past sunrise. Gill nets
were set perpendicular to shore with the section
consisting of the smallest mesh (7.6 cm) being po-
sitioned closest to the beach (see Fuls and Mc-
Eachron 1997 for more detail on gill net sam-
pling). Upon retrieval of each gill net, red drum
were measured and the stomachs removed and
kept on ice until they could be frozen at the lab-
oratory. At the laboratory, stomachs were thawed
and the contents identified to the lowest possible
taxon, counted, measured to the nearest mm, and
weighed wet to the nearest 0.01 g.

Prey availability and size structure were assessed
by sampling with bag seines at random stations
(one square nautical mile grids containing shore-
line) throughout the bay during each season. Bag
seines measured 18.3 m long X 1.8 m deep, with
1.9 cm and 1.3 cm stretched nylon mesh in the
wings and bag, respectively. Each bag seine was
pulled approximately 15.2 m parallel to shore at
each station. For each seine haul, all fish and in-
vertebrates captured were counted and measured
(total length in mm). Twenty bag seines were com-
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pleted monthly resulting in approximately 60 seine
hauls during each season.

Diet composition was evaluated using a variety
of indices. These included: a numerical index (%
N) = the number of prey in a specific prey cate-
gory as a percentage of the total number of all prey
items; a gravimetric index based on prey wet
weight (% W) = the weight of all prey in a specific
prey category as a percentage of the total weight
of all prey; and a percent frequency of occurrence
index (% FO) = the percentage of all stomachs
containing food that contained a specific prey cat-
egory. An estimate of accuracy in describing the
diet (Ferry and Cailliet 1996) was generated by
plotting the cumulative number of stomachs ana-
lyzed in a random order along the x-axis and the
cumulative number of new prey items encountered
in the stomachs along the y-axis. The asymptotic
stabilization of the curve indicates that a sufficient
number of stomachs has been analyzed to produce
an accurate description of diet breadth.

Seasonal variation in red drum diet composition
was assessed using contingency table analysis. Chi-
square statistics were calculated for each combi-
nation of season and prey type, with a significant
grand total x? statistic indicating a significant dif-
ference in the proportions of specific prey species
consumed between fall and spring seasons. Be-
cause the random sampling design resulted in re-
gional differences within the bay in the number of
red drum captured and the potential existed for
site-specific differences in prey availability, we com-
pared red drum diet composition between seasons
in a single region of the bay (West Bay region, see
Fig. 1) wherein sampling effort was nearly equal.
Further, within season comparisons were made be-
tween separate bay regions to determine if red
drum diet composition was fairly homogeneous
throughout the bay.

Prey species selection by red drum was evaluated
by comparing the proportional contribution of in-
dividual prey species to red drum diets with the
proportional contribution of the same prey species
to the available prey population in the estuary.
Dominant prey species were evaluated during fall
and spring separately. Chesson’s selectivity index
(Chesson 1978) was calculated using prey species
proportions consumed by red drum captured in
gill nets and prey species proportions in the field
captured in bag seines. Field prey proportions
were calculated from bag seines performed 2-4 h
prior to setting of the gill net in the same sampling
grid and the neighboring grids. Chesson’s indices
were calculated for several dates with sufficient and
coinciding data on diet and prey availability. For
each date, calculation of the selectivity index gen-
erates a value of alpha (a), which were then aver-
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Fig. 1. Map of Galveston Bay, Texas illustrating the sample locations for red drum captured during fall 1997 (A) and spring 1998 (@).

aged and compared statistically (#test) to an ex-
pected value. Mean o-values were calculated for
each of nine sets of dates during fall (September
15-16, 23-24, 25-26; October 16-17, 21-22; No-
vember 6-7, 11-12, 18-19, 20-21) and for each of
nine sets of dates during spring (April 20-21, 22—
23, 27-28, 29-30; May 4-5, 6-7, 11-12, 13-14; June
8-9).

A series of allometric equations was generated
using regression analysis to estimate original cara-
pace width of blue crabs from partial carapace re-
mains recovered from red drum stomachs. For diet
analyses, it was assumed that if carapace fragments
were recovered from a given red drum stomach,
then the entire crab was consumed. This assump-
tion could not be made if only chelipeds or walk-
ing legs were recovered as crab escapement could
have occurred. Further, because of the ability of
crabs to regenerate lost limbs, predictions of orig-
inal size based on measurements from regenerated
appendages may not be accurate. For each red

drum stomach examined, all carapace fragments
recovered were assumed to be from a single crab
unless two or more identical carapace fragments
were recovered (i.e., frontal section containing or-
bital teeth), which were then each counted as a
separate crab. Three measurements were regressed
against total carapace width. These were: the dis-
tance between the outer and inner orbital teeth;
the distance between the inner orbital tooth and
the adjacent frontal tooth; and the distance be-
tween the two frontal teeth (Fig. 2).

Predator size-prey size relationships were exam-
ined by plotting red drum total length (TL) versus
prey TL measurements (carapace width for crabs).
For all prey pooled and for several important prey
species, ontogenetic changes in minimum, mean,
and maximum prey sizes consumed by red drum
were estimated using least squares and quantile re-
gression techniques (Scharf et al. 1998a). Quanti-
les used to represent maximum and minimum
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Fig. 2. Illustration of blue crab carapace indicating mea-
surements used to generate predictive regression equations re-
lating the measurements indicated and blue crab carapace
width. A = distance between the outer and inner orbital teeth;
B = distance between the inner orbital tooth and the adjacent
frontal tooth; C = distance between the two frontal teeth.

prey sizes were selected based on sample size con-
siderations (Scharf et al. 1998a).

Size-selective feeding patterns of red drum were
examined by comparing length frequencies of im-
portant prey species recovered from red drum
stomachs with length frequencies of those same
prey species occurring in Galveston Bay during fall
and spring. Bag seine samples were used to con-
struct length frequencies of prey species in the es-
tuary. Length frequency distributions for prey spe-
cies captured using bag seines were compared to
length frequency distributions for prey species con-
sumed by red drum using a Kolmogorov-Smirnov
two sample test.

Results

A total of 598 red drum stomachs were collected
and examined (229 during fall; 369 during
spring); 383 red drum stomachs contained food
(168 [73.4%] during fall; 215 [58.3%] during
spring). Red drum stomachs were collected from
27 locations in fall and 33 locations in spring (Fig.
1). Red drum size ranged from 291-763 mm dur-
ing fall and from 345-751 mm during spring. Clear
modes in the length frequency plots represented
ages 1-3 (Fig. 3), with some larger individuals po-
tentially representing age 4 fish in each season
based upon previously constructed length-at-age
plots (Colura and Buckley 1996). Plots of the cu-
mulative number of prey types recovered from red
drum stomachs versus the cumulative number of
stomachs examined showed trends toward asymp-
totic stabilization for each season (Fig. 4). This re-
sult indicates that, for age 1-4 red drum in Gal-
veston Bay, Texas, a sufficient number of red drum
stomachs were examined to produce an accurate
estimate of diet breadth.
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Fig. 3. Length frequency distributions of red drum exam-
ined for stomach contents during fall 1997 and spring 1998.
Length modes during fall represent ages 1-4; length modes dur-
ing spring represent ages 1.5-3.5.

The fall diet of red drum was dominated pri-
marily by decapod crustaceans with teleost fishes
being of secondary importance (Table 1). Deca-
pods occurred in nearly 83% of red drum stom-
achs examined that contained food with crabs and
shrimp occurring in approximately 40% and 60%
of stomachs, respectively. Of the crabs consumed,
blue crab was most commonly eaten, occurring in
25% of red drum stomachs and accounting for
nearly 20% of the diet by weight. White shrimp
(Penaeus setiferus) were the single most important
dietary item of red drum in fall, occurring in near-
ly 23% of stomachs examined and accounting for
nearly 40% of the diet by number. In addition,
most unidentified shrimp were likely white shrimp
based on relative proportions of the three shrimp
species recovered in red drum diets in fall. There-
fore, white shrimp likely represented nearly 60%
of the diet of red drum by number and occurred
in over 60% of red drum stomachs during fall.
Other decapods that occurred in fall red drum di-
ets in relatively small proportions included lesser
blue crab (Callinectes similis), brown shrimp (Pen-
aeus aztecus), several xanthid crabs, grass shrimp
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Fig. 4. The cumulative number of prey types recovered from
red drum stomachs versus the total number of stomachs ex-
amined during fall 1997 and spring 1998. Asymptotic stabiliza-
tion of the number of new prey types recovered is indicative of
a sufficient number of stomachs examined to obtain an accurate
estimate of diet breadth.

(Palaemonetes spp.), green porcellain crabs (Petrol-
isthes armatus), and estuarine snapping shrimp (Al
pheus estuariensis) .

Teleost fishes occurred in slightly over 40% of
the stomachs examined in fall and represented
about 40% of the diet by weight, with most fish
being unidentified (Table 1). The most prevalent
fish species were black cheeked tonguefish (Sym-
phurus plagiusa), shrimp eels (Ophichthus gomest),
and gulf menhaden (Brevoortia patronus). Other
fish species eaten in fall included bay anchovy (An-
choa mitchilli), hardhead catfish (Arius felis), mullet
(Mugil spp.), least puffer (Sphoeroides parvus), mid-
shipman (Porichthys plectrodon), and sea robin
(Prionotus spp.). Sea anemones, isopods, and oyster
shell were also recovered in trace amounts.

TABLE 1. 1997 fall diet composition of red drum (Sciaenops
ocellatus) in Galveston Bay, Texas expressed as percent frequency
of occurrence (% FO), percent number (% N), and percent
wet weight (% W). UID = unidentified; NA = not applicable.

Prey Category % FO % N % W
Decapoda 82.74 73.14 58.01
Portunidae
Callinectes sapidus 25.00 8.66 18.84
Callinectes similis 2.38 0.57 0.84
Callinectes spp. 2.38 0.85 0.17
Penaeidae
Penaeus setiferus 22.62 38.49 21.19
Penaeus azlecus 1.79 0.85 0.63
Xanthidae
Eurypanopeus depressus 1.19 0.43 0.31
Menippe adina 0.59 0.14 0.80
Xanthidae spp. 0.60 0.14 0.03
Palaemonidae
Palaemonetes spp. 1.79 0.43 0.07
Porcellanidae
Petrolisthes armatus 0.60 0.14 0.22
Alpheidae
Alpheus estuariensis 1.19 0.28 0.22
UID crabs 5.36 1.14 1.28
UID shrimp 39.29 21.73 13.03
Teleostei 41.67 25.88 40.11
Culpeidae
Brevoortia patronus 2.98 2.84 9.03
Engraulidae
Anchoa mitchilli 1.79 0.85 0.32
Ariidae
Arius felis 1.19 0.28 0.72
Mugilidae
Mugil spp. 2.98 0.99 7.12
Cynoglossidae
Symphurus plagiusa 8.33 6.25 7.57
Ophichthidae
Ophichthus gomesi 9.52 3.69 7.56
Tetraodontidae
Sphoeroides parvus 0.60 0.14 0.26
Batrachoididae
Porichthys plectrodon 0.60 0.14 0.68
Triglidae
Prionotus spp. 0.60 0.71 0.25
UID fish 23.21 10.23 7.87
Actiniaria 2.38 0.07 0.46
Isopoda 1.19 0.28 0.03
Mytiloida 2.98 NA NA
Ostreidae
Crassostrea virginica 2.98
UID remains 4.17 NA 1.39

The spring diet of red drum was dominated by
fishes, which represented over 97% of the diet by
number and over 80% by weight (Table 2). Gulf
menhaden represented the greatest proportion of
fishes consumed, with 95% of the diet by number
and nearly 70% of the diet by weight being gulf
menhaden. The frequency of occurrence of gulf
menhaden was 35%, which was low when com-
pared to the percent of the diet by number and
weight represented by this prey. However, large
quantities of gulf menhaden were often recovered
from individual red drum stomachs, often as high



TABLE 2. 1998 spring diet composition of red drum (Sciaenops
ocellatus) in Galveston Bay, Texas expressed as percent frequency
of occurrence (% FO), percent number (% N), and percent
wet weight (% W). UID = unidentified; NA = not applicable.

Prey Category % FO % N % W
Decapoda 44.19 2.51 12.25
Portunidae
Callinectes sapidus 19.53 1.30 8.87
Callinectes similis 0.93 0.02 0.05
Callinectes spp. 1.86 0.09 0.07
Penaeidae
Penaeus aztecus 4.19 0.33 0.59
Xanthidae
Menippe adina 1.86 0.11 0.99
Xanthidae spp. 5.12 0.26 0.63
Palaemonidae
Palaemoneles spp. 0.47 0.02 0.01
Machrobrachium ohione 0.47 0.02 0.05
Alpheidae
Alpheus estuariensis 0.47 0.02 0.03
UID crabs 1.40 0.00 0.12
UID shrimp 7.91 0.33 0.82
Teleostei 63.72 97.49 82.83
Clupeidae
Brevoortia patronus 35.35 95.22 68.82
Bothidae
Paralichthys lethostigma 0.47 0.02 0.34
Sparidae
Lagodon rhomboides 2.33 0.11 0.45
Mugilidae
Mugil cephalus 0.47 0.02 2.01
Mugil spp. 1.40 0.07 0.58
Cynoglossidae
Symphurus plagiusa 0.47 0.02 0.05
Ophichthidae
Ophichthus gomesi 1.86 0.22 0.74
Batrachoididae
Opsanus beta 0.47 0.02 0.58
Atherinidae
Membras martinica 2.79 1.34 4.19
UID fish 18.14 0.44 5.08
UID remains 12.56 NA 4.92

as 100-200 per stomach, accounting for the large
diet proportions by number and weight for this
species. Other fish species that occurred in rela-
tively low quantities included mullet, black
cheeked tonguefish, shrimp eels, southern floun-
der (Paralichthys lethostigma), pinfish (Lagodon rhom-
boides), gulf toadfish (Opsanus beta), and rough sil-
verside (Membras martinica).

Decapod crustaceans were of lesser importance
in spring, but still occurred in nearly 45% of red
drum stomachs that contained food (Table 2). Al-
though shrimp prey declined sharply from the fall,
blue crab remained an important dietary item of
red drum in spring. Blue crab occurred in nearly
20% of stomachs that contained food and repre-
sented nearly 10% of the diet by weight. White
shrimp were absent from the spring diets of red
drum as this species is rarely found in the bay dur-
ing spring. Other decapod crustaceans recovered
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TABLE 3. Contingency table analysis to test for seasonal dif-
ferences in diet composition of red drum in Galveston Bay, Tex-
as. Observed values represent the number of occurrences of
each prey in red drum stomachs. Expected values are based on
the total number of prey occurrences (both seasons) and the
number of red drum stomachs containing food in each season
(168 in fall; 215 in spring). The test statistic is highly significant
(**p < 0.001).

Fall Spring Total N;
Observed Observed (Both Sea-
Prey Species (Expected) (Expected) sons) Xi2
Blue crab 42 (37) 42 (47) 84 1.29
White shrimp 38 (17) 0 (21) 38 48.62

Gulf menhaden 5 (36) 76 (45) 81 46.73

Brown shrimp 3 (b) 9 (7) 12 1.74
Mugil spp. 5 (4) 4 (5) 9 0.50
N, 93 131 224

Xf 55.50 43.38 98.88%**

from the stomachs of red drum in spring included
lesser blue crab, brown shrimp, xanthid crabs,
grass shrimp, estuarine snapping shrimp, and ohio
or river shrimp (Machrobrachium ohione).

Results of contingency table analysis indicated
that significant seasonal differences occurred in
the diet composition of red drum (Table 3). Clear-
ly, the large numbers of white shrimp consumed
during fall and the large numbers of gulf menha-
den consumed during spring account for the ob-
served seasonal differences. Comparisons restrict-
ed to the West Bay region showed similar seasonal
differences. Further, within season regional com-
parisons (between East Bay and West Bay during
fall and between Trinity Bay and West Bay during
spring) resulted in only minor differences in red
drum diet composition. The importance of domi-
nant prey species (blue crab, penaeid shrimp, gulf
menhaden) remained similar between separate re-
gions within each season and any regional differ-
ences in red drum diet composition were due to
site specific occurrences of relatively less common
prey (atherinid fishes and xanthid crabs).

Strong seasonal patterns in estuarine abundance
were evident for the important prey species of red
drum (Fig. 5). During 1997-1998, gulf menhaden
abundance peaked between early April and early
June. The timing of the annual peak in gulf men-
haden abundance matched closely with the period
of the spring diet analyses of red drum in this
study. Similarly, brown shrimp abundance peaked
during April, May, and June, coinciding with our
spring study period. The highest abundance of
white shrimp in 1997-1998 occurred between mid-
July and late November. Our fall study period ex-
tended over much of the same time period as the
annual peak in white shrimp abundance. During
our study year, blue crab abundance was fairly con-
sistent, with slight peaks in late January and June.
The abundance patterns for these four prey spe-



134 F. S. Scharf and K. K. Schlicht

Gulf Menhaden

-
a
T T

0~ Tl 1 e e e
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

Blue Crab

©
T 17

ol i v e e e TN
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

Brown Shrimp

CPUE (number per seine haul)

-
(]
ARRN DAL RARALAARRAR) AR LARSY RARR

r 7 A
Mar Apr May June July

I

o 1 L Loy .
Aug Sept Oct Nov Dec

Jan Feb

White Shrimp

T

o
T

L ) . ST s e DN
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Month

Fig. 5. Seasonal variation in catch-per-unit-effort (CPUE) of
important prey species of red drum. CPUE is calculated per
month as the geometric mean of number per seine haul based
on 20 seine hauls per month. The thin solid line in each plot
represents the average monthly catch rate for the period Janu-
ary 1991-December 1996. For each plot, the dashed lines above
and below this 6-yr average represent the largest and smallest
values of CPUE observed for each month during this time pe-
riod. The thick solid line in each plot represents the CPUE
values observed during this study (July 1997-June 1998). Lines
represent a smoothed fit to the monthly CPUE means. Note the
scale change in CPUE for blue crab.

cies observed during 1997-1998 corresponded
well with a six-year average of monthly abundance
estimates (1991-1996), indicating that seasonal
abundance patterns and actual levels of prey abun-
dance observed during 1997-1998 were represen-
tative of a typical year.

Results of prey species selectivity analyses indi-
cate that red drum fed on blue crabs and white
shrimp in proportion to their abundance levels in
the estuary during fall (Table 4). During spring,
however, red drum showed positive selection for
gulf menhaden and avoidance for brown shrimp,
whereas blue crab were eaten in proportions sim-
ilar to those in the estuary (Table 4). The addition
of prey of lesser dietary importance to the selectiv-
ity analysis did not alter our results, therefore only
results for dominant prey are presented.

Allometric equations were generated using mea-
surements taken from 110 blue crabs with carapace
widths between 18-174 mm, representing the size
range naturally occurring in Gulf coast estuaries
(Pattillo et al. 1997). Blue crab carapace measure-
ments taken among orbital and frontal teeth were
highly significant predictors of original blue crab
carapace width, with variation in each of the three
measurements explaining between 97-98% of the
variation in original carapace width (Fig. 6). Of 49
blue crabs recovered for which size information
could be obtained, only 18 were recovered with the
entire carapace intact and measurable. The addi-
tional 31 carapace width estimates were produced
using the predictive regression equations.

Significant predator size-prey size relationships
were observed for each important prey species and
for all prey combined (Fig. 7). For all three prey
species, only slight increases in mean prey size oc-
curred with increasing red drum size, with larger
red drum including several small-sized prey in the
diet. Similarly, although regression slopes were sta-
tistically significant, most were less than 0.10 re-
sulting in only small changes in maximum and
minimum prey sizes consumed with increasing red
drum size regardless of prey species. For all prey

TABLE 4. Values of Chesson’s selectivity index for important prey species of red drum during fall and spring. Mean o = the mean
value of alpha calculated from 9 dates during fall and from 9 dates during spring; s, « = standard error of alpha; expected « based
on null hypothesis of no prey selection; t = test statistic of #test comparing mean a with expected a; df = degrees of freedom of

test; p = probability value of ttest.

Prey Species Mean a S, @ Expected « t df P
Fall
Blue crab 0.6690 0.1067 0.5000 1.5848 8 0.1517
White shrimp 0.3310 0.1067 0.5000 1.5848 8 0.1517
Spring
Blue crab 0.2774 0.1301 0.3333 0.4297 8 0.6788
Gulf menhaden 0.7200 0.1309 0.3333 2.9538 8 0.0183
Brown shrimp 0.0026 0.0020 0.3333 166.4435 8 <0.0001
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inal blue crab carapace width from measurements taken from
fragments of the carapace recovered from red drum stomachs.
A, B, and C follow definitions from Fig. 2. All three regressions
were highly significant (p < 0.0001). n = 110.

combined, the maximum regression slope was not
significant (p = 0.445), suggesting no change in
maximum size of prey consumed with increasing
red drum size. A narrow size range of blue crabs
between approximately 25-75 mm carapace width
was consumed by red drum during both seasons,
with only two crabs larger than 75 mm being eaten.
Sizes of white shrimp consumed ranged mainly be-
tween 25—-100 mm, with most being eaten by red
drum less than 425 mm (the dominant size group,
age one, of red drum during fall). Gulf menhaden
between 25-60 mm were consumed by red drum
of all sizes during spring, with only a slight increase
in mean size eaten with increasing red drum size.

Red drum did not exhibit strong selectively
based on prey size for any of its important prey
(Fig. 8). No statistical differences could be detect-
ed between size distributions of white shrimp (fall)
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Fig. 7. Scatter diagrams illustrating the relationships be-
tween prey size and red drum size for three important prey
species and for all prey combined. Upper and lower bounds for
each prey represent ontogenetic changes in maximum and min-
imum prey size consumed with increasing red drum size. Upper
and lower bound quantiles are indicated on each panel. Inter-
mediate regression lines represent changes in mean prey size
with increasing red drum size. Blue crab total length = carapace
width in mm.

and gulf menhaden (spring) captured in bag
seines and size distributions of each prey species
eaten by red drum. Blue crab sizes consumed by
red drum (both seasons) were statistically different
than sizes of blue crabs captured in bag seines. Red
drum consumed more larger (50-75 mm) blue
crabs than expected based on field size distribu-
tions.

Discussion

The feeding habits of red drum in Galveston
Bay, Texas showed strong seasonal patterns that
were closely linked to temporal changes in prey
availability. Past research on the diets of age one
and older red drum (ages 1-4 in this study) reveal
similar seasonal variation. In a study conducted in
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a coastal marsh in southeastern Louisiana, Boothby
and Avault (1971) concluded that fish were im-
portant components of adult red drum diets dur-
ing winter and spring, with crustaceans becoming
more important in later spring months and dom-
inating the diet throughout summer and fall. Ov-
erstreet and Heard (1978) also found fish to be
important during winter and spring, with blue
crabs being most prevalent during summer and
penaeid shrimp dominating the fall diet of adult
red drum in Mississippi Sound.

The results of our study indicate that single prey
species can dominate red drum diets during peri-
ods of high abundance. White shrimp were found
in higher abundances in the estuary than any oth-
er fish or crustacean species during fall 1997. The
numbers of white shrimp consumed by red drum
were also higher than any other prey species eaten
during fall, especially considering that most un-
identified shrimp were likely white shrimp. Simi-
larly, Overstreet and Heard (1978) concluded that
penaeid shrimp, likely white shrimp, dominated
fall red drum diets and suggested that this finding
was related to local patterns in shrimp abundance.

During spring, gulf menhaden and brown
shrimp were two of the most abundant prey avail-
able in Galveston Bay. However, only gulf menha-
den were recovered from red drum stomachs in
large numbers with brown shrimp rarely being eat-
en. The overwhelming contribution of gulf men-

haden to the diet of red drum during spring in
our study has not been noted in previous exami-
nations of red drum diets along the Gulf coast.
Only Boothby and Avault (1971) found gulf men-
haden to be an important component of red drum
diets, occurring in 33% and 22% of stomachs dur-
ing winter and spring, respectively. However, the
authors found that gulf menhaden accounted for
only 16% of the diet by volume during winter and
only 6% by volume during spring. The fact that
gulf menhaden abundance levels in Galveston Bay
during spring 1998 were similar to those observed
during spring months throughout the previous six
years is suggestive that the large contribution of
gulf menhaden to the spring diet of red drum is
common. The apparent avoidance of brown
shrimp by red drum during spring contrasts with
the observed feeding patterns of red drum for oth-
er prey species, in which prey species were fed
upon in large numbers during the time periods
coinciding with their highest abundance levels.
Other studies of red drum feeding habits that ex-
amined seasonal diet changes concluded that pen-
aeid shrimp, likely brown shrimp, were important
components of red drum diets during spring, oc-
curring in 20-25% of red drum stomachs (Booth-
by and Avault 1971; Overstreet and Heard 1978).
The potential existence of fine scale patterns in
predator and prey spatial distributions may have
contributed to the spring feeding patterns ob-



served. The finding that red drum consumed gulf
menhaden in proportions greater than expected
based on menhaden contribution to prey popula-
tions in the estuary may have resulted from red
drum encounters with dense schools of menha-
den, which were observed frequently thoughout
the bay during spring. During encounters with
large schools of menhaden, red drum may feed
exclusively on this prey while disregarding other
prey in the area. Such occurrences could have fa-
cilitated the observed positive selection for gulf
menhaden and avoidance of brown shrimp.

Blue crabs were an important food item for red
drum during both fall and spring in Galveston Bay.
Previous Gulf coast studies reported that blue crabs
were a major component of red drum diets and
were consumed during all seasons. Boothby and
Avault (1971) found that blue crabs occurred in
42% of red drum stomachs and were most preva-
lent during summer and fall, whereas Overstreet
and Heard (1978) determined that blue crabs were
most important during spring and summer. Based
on the moderate levels of abundance maintained
by blue crab in Galveston Bay throughout the year
and the more pronounced seasonal abundance
patterns of other important prey species, blue crab
may be even more prevalent in red drum diets dur-
ing time periods not examined in this study, par-
ticularly summer. However, our diet data only sup-
ports the conclusion that it is likely that blue crab
represent an important part of the diet of red
drum during all seasons.

Because gill nets were fished for up to 14 h, post-
capture digestion may have influenced stomach
contents analysis. In contrast to our findings, Ov-
erstreet and Heard (1978) recovered several soft-
bodied polychaetes from the stomachs of a similar
size range of red drum in Mississippi. However,
during each season of our study, several red drum
examined contained recently consumed prey, in-
dicating feeding and capture just prior to gear re-
trieval. If soft-bodied invertebrates, such as poly-
chaetes, contributed significantly to the diet of age
1-4 red drum in Galveston Bay, their presence
should have been detected in these recently cap-
tured fish. Further, fish and shrimp contain a suf-
ficient number of identifiable hard parts resistant
to digestion that enable identification to at least
order and suborder taxonomic levels. Lastly, our
results, demonstrating the substantial contribution
of decapod crustaceans to the diet of age 1-4 red
drum, agree well with previous studies on this size
group (Boothby and Avault 1971; Overstreet and
Heard 1978).

Allometric equations generated to predict blue
crab carapace width from measurements taken
from fragmented carapace remains should yield ac-
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curate estimates of original prey size. For fish prey,
diagnostic bones and external morphological mea-
surements have often been used successfully to re-
construct original fish size from digested remains
(Trippel and Beamish 1987; Hansel et al. 1988;
Scharf et al. 1998b). Our results suggest that sim-
ilar techniques may be applicable to crabs, such as
those used by Cortés et al. (1996) to estimate blue
crab carapace width from measurements of cara-
pace length (measured front to back). Application
of the equations presented in this study resulted in
a nearly three-fold increase in the number of blue
crabs with body size information.

The composition of red drum diets did not
change appreciably with changes in red drum body
size as most important prey species were eaten by
all sizes of red drum. The exception was white
shrimp, which were consumed mainly by red drum
less than 425 mm total length. This size group of
red drum represented fish of age one and was the
most prevalent age class during fall. Past research-
ers also found very little change in adult red drum
diet compostion with age (Boothby and Avault
1971; Overstreet and Heard 1978). This contrasts
with the diet of red drum during the first year of
life when several dietary phases are evident (Bass
and Avault 1975; Soto et al. 1998).

Sizes of important prey species consumed by red
drum remained relatively constant with increasing
red drum size. Slope estimates representing chang-
es in minimum, mean, and maximum prey size
with increasing red drum size were mostly signifi-
cant. However, most slope estimates were less than
0.10, with several less than 0.05. Minimum and
maximum prey sizes scaled closely with mean sizes
as red drum size increased, indicating that the size
range of prey eaten remains fairly constant with
age. Minimum prey size did not change substan-
tially with increasing red drum size for all prey
combined suggesting that small prey are important
components of red drum diet throughout onton-
geny. The small sizes of prey consumed by red
drum are not likely a result of gape limitations as
evidenced by the presence of several larger prey in
some stomachs. Rather, sizes of prey consumed by
red drum are probably due in large part to tem-
poral and spatial overlap of red drum with com-
monly occurring sizes of prey species occupying
nearshore habitats.

The sizes of prey consumed by red drum during
fall and spring match closely with those sizes cap-
tured in bag seines in nearshore habitats, indicat-
ing that red drum in Galveston Bay may be impor-
tant predators in shallow nursery habitats. When
feeding on white shrimp and gulf menhaden,
there is no evidence to suggest that red drum feed
selectively on particular sizes of prey as length fre-
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quency distributions captured in bag seines and
those consumed by red drum did not differ statis-
tically for these two species. Blue crabs consumed
by red drum were restricted to a narrower range
of sizes than that available in the estuary. Blue
crabs larger than 85 mm carapace width were not
eaten by red drum, possibly due to gape limitations
specific to the morphology of this prey species.
Blue crabs less than 25 mm carapace width were
most prevalent in field samples yet occurred infre-
quently in red drum diets. The lack of small blue
crabs in red drum diets may be related to a lack
of spatial overlap or difficulty in prey detection.

The prey species consumed most frequently by
red drum in Galveston Bay support important
commercial fisheries not only in this bay, but in
many Gulf of Mexico estuaries (Pattillo et al.
1997). Food habits studies completed throughout
the Gulf of Mexico have demonstrated the impor-
tance of blue crabs and penaeid shrimp to the diet
of red drum (Pearson 1929; Gunter 1945; Knapp
1950; Miles 1950; Darnell 1958; Simmons and
Breuer 1962; Boothby and Avault 1971; Bass and
Avault 1975; Overstreet and Heard 1978). Further,
our results indicate that gulf menhaden can poten-
tially dominate red drum diets seasonally. Over the
past decade, monitoring data indicates that red
drum populations along the Texas Gulf coast have
increased substantially (Fuls and McEachron 1997;
McEachron et al. 1998). Red drum represent only
one of several species of estuarine predatory fishes
wherein efforts are being made to recover popu-
lations to historical levels of abundance. For ex-
ample, recovery efforts are proceeding for south-
ern flounder (Paralichthys lethostigma) and spotted
seatrout (Cynoscion nebulosus) in Texas waters, both
of which are thought to prey heavily on young fish-
es and crustaceans (Darnell 1958; Minello and
Zimmerman 1984; Hettler 1989; Minello et al.
1989). The effects of increasing predator popula-
tions on prey resources is unknown, but increased
predator demand may have important implications
for harvest of commercially valuable prey. To quan-
tify the potential impact of increased predator
abundance levels, future research should involve
field and laboratory studies to determine size-
based and age-based consumption rates of preda-
tory fishes during their residence in estuarine sys-
tems.

We have presented evidence that red drum in
Galveston Bay feed on seasonally important prey
species and that foraging occurs in shallow water
nursery habitats. Observed feeding habits suggest
that predation pressure will be highest on juvenile
stages of fish and crustaceans. Predation during ju-
venile life stages of fishes can have significant ef-
fects on recruitment variation (Bailey 1994).

Therefore, in years of high abundance, red drum
may have the potential to affect prey population
levels and recruitment to the adult stage for spe-
cific prey species. Multispecies approaches to man-
aging fisheries have recently gained attention and
attempts are being made to incorporate biological
interactions into the modelling of fish stock dy-
namics (Sissenwine and Daan 1991). Interactions
between red drum and their principal prey species
will likely have important ramifications if ecosys-
tem level management practices become a reality
in Gulf coast estuaries. The feeding habits and
abundance of red drum make it an important con-
tributor to the structure of prey assemblages in
near shore estuarine habitats.
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