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Abstract—The feeding habits of red 
porgy (Pagrus pagrus) and gray trig-
gerfish (Balistes capriscus) were in-
vestigated by examining the gut con-
tents of specimens collected during 
2009–2011 from live bottom habitats 
off the southeastern United States. 
Red porgy had a diverse diet of 188 
different taxa. Decapods, barnacles, 
and bivalves were their main prey. 
Canonical correlation analysis indi-
cated that depth, season, and fish 
length were statistically significant 
factors determining the degree of 
variability in the diet of red porgy. 
Gray triggerfish also had a diverse 
diet, composed of 131 different prey 
taxa. Barnacles, gastropods, and 
decapods were their main prey. Of 
the 4 explanatory variables, latitude 
was highly significant, and season, 
depth, and length were statistically 
significant. Red porgy and gray trig-
gerfish were observed to have a gen-
eralized feeding strategy of feeding 
opportunistically on a wide range of 
prey. This study contains fundamen-
tal trophic data on 2 important fish-
ery species in the southeastern Unit-
ed States. Most importantly, it pro-
vides fisheries managers with some 
of the data necessary for the imple-
mentation of an ecosystem-based ap-
proach to fisheries management. 

There have been numerous calls and 
mandates to adopt an ecosystem-
based approach to fisheries manage-
ment (Link, 2002; Latour et al., 2003; 
NMFS, 2009). An ecosystem-based 
approach to fisheries management 
requires extensive knowledge of the 
dynamics of the ecosystem in ques-
tion, the trophic ecology of individual 
species, and the food web as a whole 
(Byron and Link, 2010), as well as 
information on environmental and 
biological and economic factors. As 
fisheries managers move toward an 
ecosystem-based approach to man-
agement, the data inputs for ecosys-
tem models, including diet informa-
tion, must be acquired (Link et al., 
2008; NMFS, 2009; SAFMC1). These 
models require long-term monitoring 
of the food web and information on 
species interactions—data that are 
lacking for most species in the south-
eastern United States (SAFMC1). 

Red porgy (Pagrus pagrus) and 
gray triggerfish (Balistes capriscus) 
support commercial and recreational 

1 SAFMC (South Atlantic Fishery Man-
agement Council). 2009. Fishery eco-
system plan of the South Atlantic region. 
Volume V: South Atlantic research pro-
grams and data needs, 177 p. SAFMC, 
North Charleston, SC. [Available at 
website.]

fisheries along the entire southeast-
ern U.S. Atlantic continental shelf, 
often referred to as the South Atlan-
tic Bight (SAB) (Bearden and McK-
enzie2; Manooch, 1977; Antoni et al., 
2011), and both species are in the 
snapper grouper complex managed 
by the South Atlantic Fisheries Man-
agement Council. Much of the fishery-
independent data used by managers 
for the snapper grouper complex are 
provided by the Marine Resources 
Monitoring, Assessment, and Predic-
tion program, which is a coopera-
tive, long-term, fishery-independent 
monitoring survey. A recent report 
on analysis of data from this survey 
program revealed that red porgy and 
gray triggerfish were the third and 
fifth most commonly caught species 
in chevron traps used in this survey, 
respectively (MARMAP3).

2 Bearden, C. M., and M. D. McKenzie. 
1969. An investigation of the offshore 
demersal fish resources of South Caroli-
na. South Carolina Wildl. Resour. Dep., 
Tech. Rep. 2, 19 p. [Available at web-
site.]

3 MARMAP (Marine Resources Moni-
toring, Assessment, and Prediction). 
2014. Semi-annual progress report. 
[Project report for the period 1 May–31 
October 2014. Available from MAR-
MAP, South Carolina Dep. Nat. Resour., 
217 Fort Johnson Rd, Charleston, SC 
29412.]

mailto:sarahfgoldman@gmail.com
http://www.safmc.net/ecosystem-management/fishery-ecosystem-plan-1
http://www.mrl.cofc.edu/pdf/tr10s/Techreport2.pdf
http://www.mrl.cofc.edu/pdf/tr10s/Techreport2.pdf
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Previous studies regarding the trophic habits of red 
porgy and gray triggerfish in the SAB were limited in 
scope or are dated and, therefore, may not reflect possi-
ble recent dietary shifts that result from natural or an-
thropogenic disturbances. There has been, for example, 
only one published study on the feeding habits of red 
porgy in the southeast (Manooch, 1977). Although that 
study was very comprehensive and had a large sample 
size (n=779), it was completed more than 40 years ago. 
Additionally, we found a report from 1984 (SCWMRD4) 
on feeding of red porgy in the SAB in which diet by 
size class and calculated diet overlap were examined 
in relation with other common reef fishes. Information 
on the food habits of gray triggerfish is also limited, 
and the few studies that have been undertaken have 
focused on their feeding behavior on artificial reefs 
(Blitch, 2000; Kauppert, 2002) and on their interactions 
with sand dollars (Frazer et al., 1991; Kurz, 1995). 

Ecological dynamics and processes can be influenced 
by changing environmental conditions and anthropo-
genic disturbances (Byron and Link, 2010), such as 
fishing. It is likely that intense fishing pressure has an 
impact on predator–prey relationships, and when these 
relationships are altered the food web can become un-
stable (Holling, 1973). Therefore, it is reasonable to 
postulate that intense fishing pressure over the last 
several decades not only has affected predatory fish 
species, such as red porgy and gray triggerfish, directly 
but has also altered other ecological interactions. An 
additional change in the trophic dynamics of fish spe-
cies of the U.S. southeastern waters has been the ac-
cidental introduction of piscivorous lionfishes (Pterois 
spp.) (Whitfield et al., 2002; Meister et al., 2005) The 
scale of the ecological impact of lionfishes is uncertain 
as its range expands, but studies have indicated that 
lionfish predation has caused a reduction in prey com-
munities and, therefore, a decrease of prey for native 
predators (Albins and Hixon, 2008; Morris and Akins, 
2009). 

This article provides descriptions of the current 
feeding habits of red porgy and gray triggerfish col-
lected from natural, live bottom habitats in the SAB. 
This study is the first one on feeding habits of gray 
triggerfish on natural reefs off the Carolinas and 
Georgia. The primary objectives of this study were 1) 
to qualitatively and quantitatively describe the diet 
of red porgy and gray triggerfish; 2) to determine 
whether prey consumption differs significantly among 
seasons, depth zones, and latitudes; 3) to describe on-
togenetic shifts in diet; 4) to determine the feeding 
strategy of each species; and 5) to provide data on diet 
to managers that use ecosystem-based models for fish-
eries management.

4 SCWMRD (South Carolina Wildlife and Marine Resources 
Department). 1984. Final report: South Atlantic OCS 
Area Living Marine Resources Study, Phase III, vol. 1, 223 
p. Prepared for Minerals Management Service, Washing-
ton, D.C., under contract 14-12-0001-29185. [Available from 
Mar. Resour. Library, South Carolina Dep. Nat. Resour., 217 
Fort Johnson Rd., Charleston, SC 29412.]

Materials and methods

Collections

Red porgy and gray triggerfish were collected during 
seasonal cruises (May–October) from 2009 through 
2011 in the SAB (Fig. 1) with hook-and-line fishing. 
The hooks were baited with cut squid (Illex sp.) and cut 
round scad (Decapterus sp.). Sampling was conducted 
during the day and night while the research vessel was 
anchored or drifted over hard-bottom reef habitat. Ten 
specimens of each species were targeted in each of 16 
sampling zones. Each sampling zone consisted of 1 of 2 
depth zones (20–50 m or >50 m) and 1 of 8 latitudinal 
zones (1° from 27°N through 34°N). 

All specimens were weighed to the nearest gram, 
and total length (TL) was measured in millimeters. The 
digestive tract (gut) was excised from the esophagus 
to the anus and individually labeled. Intestines were 
included because both species consume prey with some 
anatomical features that are particularly resistant to 
digestion, and gray triggerfish lack a distinct stomach. 
Guts were fixed in 10% formalin for at least 14 days 
and then rinsed with freshwater. After rinsing, gut con-
tents were scraped into individual jars containing 70% 
ethanol and stored for identification.

Identification of gut contents

Gut contents were sorted by taxa, enumerated, and 
weighed (wet weight to the nearest 0.001 g) with a 
Sartorius5 balance, model BP211D (Sartorius AG, Goet-
tingen, Germany). Prey items were identified to the 
lowest possible taxon. Multiple fragments of individual 
organisms were counted as single individuals, unless 
the number could be estimated by counting structures, 
such as eyes, claws. Colonial organisms (i.e., bryozoans 
and tunicates) were counted as one individual. Fishes 
were identified according to the identification guide 
of Carpenter (2002a, 2000b), decapods were identi-
fied by using Williams (1984), bivalves and gastropods 
were identified by using Abbott (1968), zooplankters 
were identified by using Johnson and Allen (2005) and 
Boltovsky (1999), echinoderms were identified by us-
ing Hendler et al. (1995), and isopods were identified 
by using Schultz (1969). Voucher specimens from the 
Southeastern Regional Taxonomic Laboratory of the 
South Carolina Department of Natural Resources were 
used to confirm some identifications. 

Diet analyses

Description of general diet To quantify feeding habits, 
the relative contribution of food items to the total diet 
was determined by using 3 traditional indices: percent 
frequency of occurrence (%F), percent composition by 
number (%N), and percent composition by weight (%W).

5 Mention of trade names or commercial companies is for iden-
tification purposes only and does not imply endorsement by 
the National Marine Fisheries Service, NOAA.
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Ontogenetic, temporal, and spatial changes in diet Prey 
were pooled on the basis of taxonomy (e.g., decapods 
and gastropods). Percent composition by weight was 
calculated for guts grouped by intervals of TL, season, 
depth (in meters), and latitude, and this metric was 
used for all analyses. For analytic purposes, prey types 
that contributed less than 1% by weight to the diet 
were excluded. 

Canonical correspondence analysis (CCA; ter Braak, 
1986), a multivariate direct gradient analysis tech-
nique, was used to determine the degree of variability 
in the diets of red porgy and gray triggerfish, explained 
by the canonical axes. The canonical axes are linear 
combinations of the 4 explanatory variables correlated 
to weighted averages of the prey within the cells of 
the response matrix (ter Braak, 1986; Garrison and 
Link, 2000). The CCA was performed with the com-

munity ecology package vegan, vers. 2.0-10 
(Oksanen et al., 2013), an extension to the 
statistical software R, vers. 3.1.2 (R Core 
Team, 2014).

Each element in the response matrix 
was the mean percent weight of each prey 
taxon in a given length category, season, 
depth, and latitude combination. Prey data 
(%W) were log-transformed (ln[x+1]) to 
normalize the data. The explanatory vari-
ables were coded as ordinal variables with 
the exception of season, which was coded 
as a categorical variable. The variance 
inflation factor was used to detect nearly 
collinear constraints (environmental vari-
ables), although it must be noted that these 
constraints are not a problem with the al-
gorithm that is used in the CCA function 
of the vegan package to fit a constrained 
ordination (Oksanen et al., 2013). Any use-
less constraints would have been removed 
from the estimation, and no biplot scores or 
centroids would have been calculated (Ok-
sanen et al., 2013). Permutation tests were 
used to determine the significant explana-
tory variables (ter Braak, 1986). A biplot of 
prey species and explanatory factors was 
constructed to examine the correlations be-
tween the explanatory variables (factors) 
and the canonical axes and to observe any 
dietary patterns associated with these fac-
tors. A descriptive analysis was generated 
for each of the significant factors identified 
by the CCA. 

Hydrographic conditions were used to 
derive seasonal categories: spring: April 
through June; summer: July through Sep-
tember, and autumn: October through 
December. Latitudes were grouped into 
3 categories: southern (27–29°N), middle 
(31–32°N), and northern (33–34°N). To 
examine the effect of fish length on the 
diets of red porgy and gray triggerfish, 

specimens were grouped into 50-mm-TL categories so 
that all members of a category displayed a reasonably 
consistent diet composition, and %W was calculated 
for each group. Groups with low sample sizes (n≤3) 
were trimmed to minimize outliers. Cluster analyses 
(Euclidean distance, average linkage method) were 
used to group these length classes into broader cat-
egories that represented relationships among the diet 
compositions. 

Feeding strategies The feeding strategies of each spe-
cies were analyzed according to the graphical method 
of Costello (1990), modified by Amundsen et al. (1996). 
Through the use of this method, prey-specific abun-
dance was plotted against %F, making it possible to 
explore feeding strategies as well as shifts in niche use. 
Prey-specific abundance was defined as

Figure 1
Map of catch locations off the southeastern United States, where speci-
mens of red porgy (Pagrus pagrus) and gray triggerfish (Balistes ca-
priscus) were collected for analysis of gut content in 2009–2011. Gray 
lines represent bathymetry (in meters). 



320 Fishery Bulletin 114(3)

 Pi = (∑Si/∑St)*100, (1)

where Si = the sum of prey i; and 
 St = the sum of all prey items found in only 

those predator guts that contained prey i. Percent com-
position by weight was the summed variable. On the 
graph that results from this method (Amundsen et al., 
1996, fig. 3), the percent abundance, which increases 
along the diagonal from the lower left to the upper 
right corner, provides a measure of prey importance, 
with dominant prey on the top and rare or unimport-
ant prey on the bottom. The vertical axis represents 
feeding strategy: specialization versus generalization. 
Prey points on the upper part of the graph represent 
prey on which predators have specialized, and prey 
positioned on the bottom half of the graph have been 
eaten occasionally or infrequently.

Results

Unidentified prey items were often encountered be-
cause both species bite or grind their food instead of 
consuming it whole. Fortunately, the majority of prey 
have parts that are resistant to digestion, making 
them easily identifiable on the basis of characteristic 
parts. For example, crab claws and legs, pieces of echi-
noderm test and spines, and pieces of barnacles were 

often seen in stomach contents. A full listing 
of prey items for both species is available in 
Suppl. Tables 1 and 2.

Red porgy

From 2009 through 2011, gut contents from 
140 red porgy were collected. Lengths of red 
porgy ranged from 274 to 508 mm TL. Sample 
sizes were low at the extremes of our sampling 
range (i.e., 34°N and 27°N). 

General diet description Red porgy had a di-
verse diet, composed of 188 different taxa 
that belong to 18 taxonomic groupings: deca-
pods, bivalves, polychaetes, gastropods, bryo-
zoans, unidentified crustaceans, echinoderms, 
bony fishes, barnacles, miscellaneous (e.g., fish 
scales and foraminifera), tunicates, amphipods, 
squid, cnidarians, stomatopods, isopods, ostra-
cods, and protochordates. Decapods, barnacles, 
and bivalves were the main prey of red porgy, 
accounting for 44%, 20%, and 11% of the diet 
by weight, respectively (Fig. 2). The most fre-
quently consumed decapods were parthenopid 
crabs (29%), portunid crabs (28%), calappid 
crabs (28%), and shrimps (28%). The most fre-
quently consumed bivalve was the painted egg-
cockle (Laevicardium pictum) (7%). Although 
polychaetes were consumed by 50% of red por-
gy, this taxon accounted for only 6% by weight 
and 8% by number. Other groups that were 

frequently consumed included gastropods (46%), bryo-
zoans (45%), echinoderms (33%), and bony fishes (32%); 
however, these species contributed little by weight. 

Ontogenetic, temporal and spatial changes in diet We 
determined that 6% of the total variability in the diet 
data was explained by the CCA. The first and second 
canonical axes accounted for 51% and 22%, respective-
ly, of the constrained variation. Of the 4 environmental 
variables, depth and season were the most important 
(P<0.001), followed by length (P<0.05) (Fig. 3). 

Although decapods were consumed in all seasons, 
fewer were consumed in the summer (29%) when bar-
nacles were the primary food source (43%) (Fig. 4A). In 
the spring, red porgy consumed mostly decapods (50%) 
and bivalves (11%). In the autumn, decapods (53%) and 
polychaetes (20%) were the primary prey types. 

Red porgy captured on the inner shelf (depths: 20.1–
50.0 m) consumed a higher percentage of barnacles and 
bivalves than did their counterparts on the outer shelf, 
but decapods dominated diets of red porgy regardless 
of depth. Outer shelf red porgy also consumed bony 
fishes and polychaetes (Fig. 4B). 

Decapods were the dominant prey at all latitudes, 
but fewer of them were consumed in the middle lati-
tudes (31–32°N) (Fig. 4C). Red porgy captured at the 
middle latitudes (31–32°N) consumed barnacles (27%) 
and bivalves (11%) in addition to decapods. Barnacles 

Figure 2
Percent frequency of occurrence (%F), percent composition by 
number (%N), and percent composition by weight (%W) of prey 
types present in the diet of 140 red porgy (Pagrus pagrus) cap-
tured in the South Atlantic Bight from 2009 through 2011. Prey 
items consumed by fewer than 5% of predators are not included. 
Miscellaneous=fish scales, foraminifera, eggs, macroalgae, and 
sediment. 
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http://dx.doi.org/10.7755/FB.114.3.5s
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Figure 3
Biplot determined with canonical correspondence analysis (CCA) for the diet 
of red porgy (Pagrus pagrus) captured in the South Atlantic Bight from 2009 
through 2011. Arrows represent significant explanatory factors, and dots rep-
resent prey types. The canonical axes represent linear combinations of the 4 
explanatory variables (i.e., fish length, latitude of capture, season, and depth).

CCA1

C
C

A
2

made up less than 1% of prey consumed at the north-
ern latitudes (33–34°N). 

The quantity of decapods in the diet of red porgy 
increased with increasing length (Fig. 4D), whereas 
smaller fish (<420 mm TL) consumed more barnacles 
and bivalves than their larger counterparts. 

Feeding strategy According to the Amundsen graphical 
method, the feeding strategy of the red porgy popula-
tion is generalized (points cluster lower on the y-axis 
of the graph) (Fig. 5), and therefore most prey types 
are eaten on occasion. Xanthid crabs were consumed 
by individual red porgy that were concentrating on this 
prey type as indicated by the point on the top left of 
the graph. The predator population had a broad niche 
width because most of the points are located along or 
below the diagonal from the upper left to the bottom 
right of the graph. A few prey items were eaten oc-
casionally by most individuals, and these items are 
represented by the points on the bottom right of the 
graph (Fig. 5). 

Gray triggerfish

Description of general diet Gut contents were collected 
from 82 gray triggerfish that ranged in size from 304 
to 595 mm TL. Gray triggerfish had a diverse diet, com-
posed of 131 different prey taxa that were combined 

into 19 broader taxonomic groups: gastropods, amphi-
pods, decapods, unidentified crustaceans, polychaetes, 
bivalves, bryozoans, barnacles, bony fishes, echinoderms, 
tunicates, miscellaneous items (e.g., fish scales, fora-
minifera, and Sargassum spp.), stomatopods, isopods, 
cnidarians, ostracods, cephalopods, copepods, and un-
identified mollusks. Barnacles, gastropods, and decapods 
were the main prey of gray triggerfish, accounting for 
29%, 11%, and 11% of the diet by weight, respectively 
(Fig. 6). Although most gastropods were unidentified, 
13 species were pelagic pteropods (group Thecosomata); 
cavolinid pteropods (40%) were the most frequently con-
sumed pelagic pteropods. Unidentified shrimps were the 
most frequently consumed decapod (30%). Although am-
phipods were consumed by 63% of predators, this taxon 
accounted for only 0.5% of the diet by weight and 10% 
by number. Other species consumed frequently included 
unidentified crustaceans (59%), polychaetes (46%), bi-
valves (46%), and bryozoans (43%); however, these spe-
cies contributed little by weight. 

Ontogenetic, temporal, and spatial changes in diet We 
determined that 15% of the total variability in the 
diet data could be explained by the CCA. The first and 
second canonical axes accounted for 41% and 36% of 
the constrained variation, respectively. Latitude and 
season were the most important explanatory variables 
(P<0.001), followed by depth and length (P<0.05) (Fig. 7). 
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Figure 4
Diet composition by weight of red porgy (Pagrus pagrus) collected in the South Atlantic Bight from 2009 through 2011 
presented by (A) season, (B) depth, (C) latitude, and (D) length. The number (N) of specimens collected in each season, at 
each depth zone, latitude range, or within each length cluster (small=321–420 mm in total length; large=421–520 mm TL) 
is given in the legends. unid=unidentified.
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Barnacles (35%) and decapods (17%) were the pri-
mary prey for gray triggerfish captured in the spring 
(Fig. 8A). In the summer, the principal prey of gray 
triggerfish were barnacles (24%) and bivalves (23%), 
and, in the autumn, gray triggerfish consumed primar-
ily gastropods (40%) and bony fishes (32%).

Gray triggerfish caught on the inner shelf consumed 
more barnacles, decapods, and polychaetes than did 
their outershelf counterparts, whereas, on the outer-
shelf, they consumed more gastropods and bivalves 
(Fig. 8B). 

Latitudinal differences in diet were substantial (Fig. 
8C). Fish captured at the southern latitudes (27–29°N) 
preyed upon decapods (59%), and fish captured at the 
northern latitudes (33–34°N) consumed mostly barna-
cles (57%). Gray triggerfish caught in the central re-
gion (31–32°N) had a more diverse diet consisting of 
decapods, gastropods, barnacles, and bony fishes. 

Small fish (<400 mm TL) consumed decapods and 

Figure 5
Graph of the feeding strategy of red porgy (Pagrus 
pagrus), captured during 2009–2011 in the South At-
lantic Bight. The graph was developed in this study by 
using the Amundsen graphical method. Each dot repre-
sents a different prey species. 
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Figure 6
Percent frequency of occurrence (%F), percent composition by number 
(%N), and percent composition by weight (%W) of prey types present 
in the diet of 82 gray triggerfish (Balistes capriscus) captured in the 
South Atlantic Bight from 2009 through 2011. Prey items consumed 
by fewer than 5% of predators are not included.
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relatively few bivalves. In contrast, large fish had a 
diet dominated by barnacles and bivalves. (Fig. 8D). 

Feeding strategy On the basis of Amundsen graphi-
cal method, the feeding strategy of the gray trigger-
fish population is generalized (cluster of points lower 
on the y-axis of the graph) (Fig. 9); several prey items 
are eaten occasionally by most individuals. As with red 
porgy, the predator population has a broad niche width 
(points are all located below the diagonal from the up-
per left to the bottom right of the graph) (Fig. 9). 

Discussion

Red porgy

Across the broad sampling range of this study, red por-
gy had a very diverse diet. Much of this diversity is 
likely a reflection of localized prey assemblages rather 
than a preference for specific prey items (Bearden and 
Mckenzie2; Manooch, 1977). Manooch (1977) and SC-
WMRD4 reported findings similar to those of our study 
in that they found the red porgy to be a generalized 
predator. However, Manooch (1977) and SCWMRD4 
identified only 69 and 80 prey taxa, respectively, com-
pared with the 188 taxa found in our study. In the case 
of the Manooch (1977) study, the difference in number 

of prey taxa may be attributed to the limited geograph-
ic range of his investigation; samples in that study 
came from only North and South Carolina, whereas 
samples from our study came from an area spanning 
from North Carolina to Florida. 

It is also possible that the abundance of certain 
prey has shifted and, therefore, that red porgy have 
had to diversify their food resources. SCWMRD4 found 
the preferred prey were decapods and fishes and that 
fishes made up the greatest volume of prey. We found 
fishes to be far less important prey (6%W). In contrast 
to Manooch (1977) and our study, SCWMRD4 identified 
more nektonic and fewer benthic prey. In addition, SC-
WMRD6 found very few mollusks in comparison with 
our study. The scientists at SCWMRD suggested that, 
because Manooch (1977) used stomach and intestine of 
red porgy and shelled organisms are slow to be digest-
ed, bivalves and gastropods would appear to be present 
more frequently than taxa such as small crustaceans 
and polychaetes. This suggestion could be one explana-

6  SCWMRD (South Carolina Wildlife and Marine Resources 
Department). 1981. South Atlantic OCS Area Living Ma-
rine Resources Study, vol. 1, 297 p. Prepared for Bureau of 
Land Management, Washington, D.C, under contract AA551-
CT9-27. [Available from Mar. Resour. Library, South Caro-
lina Dep. Nat. Resour., 217 Fort Johnson Rd., Charleston, SC 
29412.]

%W

%N

%F
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tion for the frequently observed bivalves and gastro-
pods in the diet of red porgy in our study. 

Season was the second most significant explanatory 
factor in the CCA in our study, but Manooch (1977) 
found only slight seasonal variation in several groups 
of invertebrates. In our study, barnacles were the main 
food source in the summer, whereas, in the autumn and 
spring, red porgy depended more heavily on decapod 
prey. This seasonal shift in diet could have been the 
result of lower decapod availability during the summer 
and that in turn would have led to red porgy consum-
ing more barnacles. In fact, Manooch (1977) found that 
several groups of invertebrates varied seasonally both 
in volume and frequency. Red porgy are not dependent 
on one type of food source; therefore this species has 
the advantage of being able to switch prey as necessary 
with fluctuating seasonal prey populations. 

There were significant differences in prey among 
length classes. Small fish (<420 mm TL) generally con-
sumed small prey (barnacles and bivalves), and large 
fish consumed larger prey (decapods). The SCWMRD4 
study found that red porgy consumed more fishes and 
fewer decapods as they grew—a finding that also con-
trasts with our results. However, that study included 
smaller fish (51–350 mm in standard length) than 
those collected in our study (274–508 mm TL), and that 

size difference is likely to be the main reason for the 
reported differences in prey types by fish length.

A generalized feeding strategy (Fig. 5) is not unex-
pected for a species that consumes such a great diver-
sity of prey items. Manooch (1977) suggested that the 
tremendously diverse diet of red porgy probably re-
flects localized forage assemblages rather than a pref-
erence for a specific food and supports the idea of clas-
sifying red porgy as trophic generalists. He also noted 
that they have certain behavioral and morphological 
characteristics that make it easy to feed on a diversity 
of prey: swimming speed and strong molariform teeth 
that enable these fish to crush armored prey, such as 
sea urchins, crabs, and gastropods. This feeding strat-
egy has a selective advantage because red porgy are 
not dependent on a small number of food types, and, 
therefore, are less likely to face competition.

Gray triggerfish

Gray triggerfish were found to have a very diverse diet 
of 131 prey taxa across a broad sampling range. Unlike 
the prey that we found, previous researchers found the 
most important prey of gray triggerfish to be bivalves, 
barnacles, and echinoderms (Vose, 1990; Vose and Nel-
son, 1994; Kauppert, 2002). However, fish living around 

Figure 7
Biplot determined with canonical correspondence analysis (CCA) for 
the diet of gray triggerfish (Balistes capriscus) captured in the South 
Atlantic Bight from 2009 through 2011. Arrows represent significant 
explanatory factors, and dots represent different prey types. The ca-
nonical axes represent linear combinations of the 4 explanatory vari-
ables (i.e., fish length, latitude of capture, season, and depth [shown 
in bold type]).
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artificial structures (as opposed to the natural reefs ex-
amined in our study) were examined in those previous 
studies, and other research focused on gray triggerfish 
interaction with sand dollars (Frazer et al., 1991; Kurz, 
1995). Vose (1990) wrote that gray triggerfish are high-
ly dependent on reef-associated prey and found diets of 
gray triggerfish to be quite different for natural and ar-
tificial reefs. On natural reefs, bivalves were a common 
food, whereas artificial reefs that were examined were 
dominated by fouling organisms such as barnacles. Of 
the previously published work, only one study on gray 
triggerfish collected from artificial reefs in the Gulf 
of Mexico had findings similar to those in our study: 
Blitch (2000) found pelagic mollusks and crustaceans 
to be the most important prey.

In our study, echinoderms were found in 28% of guts, 
but this finding may be an underrepresentation of their 
importance in the diet of gray triggerfish because the 
soft tissue of echinoderms may have been digested be-
fore a gray triggerfish was caught. Frazer et al. (1991) 
cautions that because gray triggerfish eat only soft tis-
sue and not the hard test, echinoderms may be under-
represented in studies of stomach contents because of 

different digestion rates. We were able to identify sand 
dollars in guts only when gray triggerfish had eaten an 
entire organism with its test.

The diet of gray triggerfish was dominated by gas-
tropods (primarily pelagic pteropods) in the autumn, 
a result that confirms Kauppert’s (2002) observations 
that feeding habits of gray triggerfish in the autumn 
shifted to 60% nektonic and planktonic feeding, espe-
cially when compared with substrate feeding in the 
spring and summer. Some species of pteropods are re-
ported to reproduce in the spring and summer (Ram-
pal, 1975; Dadon and de Cidre, 1992) and could re-
sult in increases in pteropod numbers in the autumn 
months and consequently the seasonal shift in preda-
tion. Furthermore, seasonal migrations occur in some 
species of pteropods (Sardou et al., 1996). Results 
from Sardou et al. (1996) and Franqueville (1971) 
indicate that the pyramid clio (Clio pyramidata), a 
pteropod species commonly consumed by gray trig-
gerfish in our study, becomes abundant at shallower 
depths in autumn. This occurrence offers a plausible 
explanation for the increased pteropod predation in 
the autumn.

Figures 8
Diet composition by weight of gray triggerfish (Balistes capriscus) collected in the South Atlantic Bight from 2009 
through 2011 presented by (A) season, (B) depth, (C) latitude, and (D) length. The number (N) of specimens in each 
season, depth group, latitude range, or length cluster (small=350–400 mm in total length; large=401–600 mm TL) is 
given in the legends.
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Figure 9
Graph of the feeding strategy for gray triggerfish (Bali-
stes capriscus), captured from 2009 through 2011 in the 
South Atlantic Bight. The graph was developed by us-
ing the Amundsen graphical method. Each dot repre-
sents a different prey species.
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Another reason for seasonal variation in diet could 
be the reproductive behavior of gray triggerfish. They 
spawn from April through September and peak spawn-
ing occurs from May through August (Kelly, 2014). Dur-
ing this time, they are found at deeper depths, and it 
is possible that their feeding behavior could change be-
cause they are nest guarders. Gray triggerfish caught 
on the outer shelf consumed more gastropods (primar-
ily pteropods) than the gray triggerfish captured on 
the inner shelf. Pteropod distribution patterns remain 
poorly described (Bednaršek et al., 2012), but it has 
been reported that their distribution and migration 
vary seasonally (Dadon and de Cidre, 1992; Parra-
Flores and Gasca, 2009). 

Latitude was a highly significant explanatory factor 
in defining the diet for gray triggerfish, and there were 
changes in diet with fish length that might also have 
influenced our results. Small fish consumed more poly-
chaetes and decapods, and large fish consumed more 
barnacles and bivalves (the opposite was true with 
red porgy). Decapod prey consumed by gray triggerfish 
were often smaller crab species or crustaceans in lar-
val stages (i.e., crabs, shrimps, and lobsters). Gastropod 
consumption increased with predator size. 

The percentages of explained variation found in this 
study are comparable to those in similar studies of diet 
composition (Jaworski and Ragnarsson, 2006; Latour et 
al., 2008). Although a relatively small proportion of the 
total variation is explained by the CCA, a small propor-
tion is expected because the percentage-explained iner-
tia (variance) for ecological data is typically low (<10%) 
(ter Braak and Verdonschot, 1995). 

Some prey of gray triggerfish and red porgy have 
diel vertical migrations (at least 32 taxa) (Boltovskoy, 
1973; Alldredge and King, 1980; Hopkins et al., 1994; 
Angel and Pugh, 2000). Pteropods, for example, exhibit 

diurnal vertical migrations along the depth range of 
0–100 m. During the day, pteropods move to deeper 
waters but migrate to the surface at night (Angel and 
Pugh, 2000). They tend to concentrate in the upper lay-
ers during the night to feed and avoid predators (Hays, 
2003). Gray triggerfish are rarely caught at night dur-
ing cruises of the Marine Resources Monitoring, As-
sessment, and Prediction program (senior author, per-
sonal observ.), and they have been previously described 
as diurnal predators (Randall, 1968). It is possible that 
these fish are not caught on the bottom at night be-
cause this species migrates into the water column, fol-
lowing pelagic prey. Many fish species migrate in a diel 
pattern, both vertically (Narver, 1970; Blaxter, 1973; 
Begg, 1976) and horizontally (Baumann and Kitchell, 
1974; Hobson, 1974; Bohl, 1979; Krumme, 2009), fol-
lowing prey migrations (Ahlbeck et al., 2012). Although 
gray triggerfish are highly reef associated, they also 
rely on migrating pelagic species as food sources. Other 
studies of reef fishes have reported trophic connections 
that are primarily dependent on these vertically mi-
grating food webs (Weaver and Sedberry, 2001; Gold-
man and Sedberry, 2010). 

Although competition between species was not a 
focus of our research, other studies have had results 
worth discussing in the context of our work. Johnson 
(1977) suggested that when %F exceeds 25% between 
2 or more predators, competition is likely. In contrast, 
Pianka (1976) stated that competition for identical re-
sources is only likely if resources are in short supply. 
Red porgy and gray triggerfish do share many of the 
same prey (e.g., decapods, gastropods, bivalves, bryozo-
ans, echinoderms, polychaetes, and bony fishes), and, if 
food resources become scarce, then such scarcity could 
lead to competition. Possible causes for a short supply 
could be prey consumption by invasive lionfishes, ocean 
acidification, or other anthropogenic effects (e.g., fish-
ing). In this study, we did not examine food availability, 
nor did we observe anything that indicated evidence of 
food scarcity. 

Ocean acidification is of particular concern for gray 
triggerfish because a large part of its diet is composed 
of pelagic pteropods. Ocean acidification causes shell 
dissolution in pteropods and some benthic inverte-
brates that are CaCO3-secreting organisms (Doney et 
al., 2009). Calcified structures provide protection from 
predators; therefore, pteropods would be adversely af-
fected by the rising atmospheric CO2 levels caused by 
human fossil fuel combustion and deforestation (Doney 
et al., 2009), and adverse effects on pteropods would, in 
turn, have serious effects on populations of gray trig-
gerfish. This study is far more comprehensive than pre-
vious studies have been and covers a large geographic 
area, providing a baseline study that can be used to 
monitor potential dietary shifts that result from cli-
mate change. 

The temporal and geographic differences in prey for 
red porgy and gray triggerfish highlight the need to 
incorporate information on fish food habits into ecosys-
tem models. Many of the prey species consumed by fish 
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in our study are not well studied in the southeast, and 
their population statuses are not well known. Changes 
in their status could have unanticipated consequences 
for commercial fish species like red porgy and gray 
triggerfish. The most significant predator–prey inter-
actions are those between red porgy and decapods and 
bivalves and those between gray triggerfish and gas-
tropods. The information reported here complements 
the findings of previous studies and provides a critical 
link between the biology of red porgy and gray trigger-
fish and their role as predators in marine ecosystems. 
Although both species rely primarily on hard-bottom 
habitats for feeding, opportunistic prey switching al-
lows both red porgy and gray triggerfish to adapt to 
ecological changes. This research and that of similar 
studies contribute to our understanding of the role of 
predators in changing ecosystems and provide fisheries 
managers with some of the data necessary for the im-
plementation of an ecosystem-based approach to fish-
eries management in the southeastern United States.

Acknowledgments

For their help with identification of prey items, we 
thank D. Burgess, J. Cowan, D. Knott, C. Willis, and D. 
Wyanski. Thanks are extended to the staffs of the Ma-
rine Resources Monitoring Assessment and Prediction 
program and of the Southeast Fishery-independent 
Survey, NOAA Southeast Fisheries Science Center, and 
to the crews of the RV Palmetto and RV Savannah. 
G. Sedberry, W. Anderson, C. Barans, K. Spanik, and 
W. Bubley provided helpful comments on early drafts 
at the manuscript stage. This work was supported 
through funds provided by the Southeast Area Moni-
toring and Assessment Program—South Atlantic. This 
paper is contribution number 734 from the South Caro-
lina Marine Resources Division.

Literature cited

Abbott, R. T.
1968. A guide to field identification: seashells of North 

America, 280 p. Western Publishing Company Inc., Ra-
cine, WI. 

Aiken, K. A. 
1983. The biology, ecology, and bionomics of the trigger-

fishes, Balistidae. In Caribbean coral reef fishery re-
sources. ICLARM Stud. Rev.7 (J. L. Munro, ed.), p. 191–
205. International Center for Living Aquatic Resources 
Management, Manila, Philippines.

Ahlbeck, I, S. Hansson, and O. Hjerne.
2012. Evaluating fish diet analysis methods by in-

dividual-based modeling. Can. J. Fish. Aquat. Sci. 
69:1184–1201 Article

Albins, M. A., and M. A. Hixon.
2008. Invasive Indo-Pacific lionfish Pterois volitans re-

duce recruitment of Atlantic coral-reef fishes. Mar. Ecol. 
Prog. Ser. 367:233–238. Article

Alldredge, A. L., and J. M. King.
1980. Effects of moonlight on the vertical migration pat-

terns of demersal zooplankton. J. Exp. Mar. Biol. Ecol. 
44:133–156. Article

Amundsen, P. A., H. M. Gabler, and F. J. Staldvik.
1996. A new approach to graphical analysis of feed-

ing strategy from stomach contents data—modifi-
cation of the Costello (1990) method. J. Fish Biol. 
48:607–614. Article

Angel M. V. and P. R. Pugh. 
2000. Quantification of diel vertical migration by mi-

cronektonic taxa in the northeast Atlantic. Hydrobiolo-
gia 440:161–179. Article

Antoni, L., N. Emerick, and E. Saillant.
2011. Genetic variation of gray triggerfish in the U.S. wa-

ters of the Gulf of Mexico and western Atlantic Ocean 
as inferred from motochondrial DNA sequences. North 
Am. J. Fish. Manage. 31:714–721. Article

Baumann, P. C., and J. F. Kitchell.
1974. Diel patterns of distribution and feeding of blue-

gill (Lepomis macrochirus) in Lake Wingra, Wiscon-
sin. Trans. Am. Fish. Soc. 103:255–260. Article

Bednaršek, N., J. Možina, M. Vogt, C. O’Brien, and G. A. 
Tarling. 
2012. The global distribution of pteropods and their con-

tribution to carbonate and carbon biomass in the modern 
ocean. Earth Syst. Sci. Data 4:167–186. Article

Begg, G. W.
1976. The relationship between the diurnal movements of 

some of the zooplankton and the sardine Limnothrissa 
miodon in Lake Kariba, Rhodesia. Limnol. Oceanogr. 
21:529–539. Article

Blaxter, J. H. S.
1973. Monitoring the vertical movements and light re-

sponses of herring and plaice larvae. J. Mar. Biol. Assoc. 
U.K. 53:635–647. Article

Blitch, K. M.
2000. The feeding habits of gray triggerfish, Balistes 

capriscus (GMELIN), from the northeast Gulf of Mexi-
co. M.S. thesis, 85 p. Univ. Central Florida, Orlando, 
FL.

Bohl, E.
1979. Diel pattern of pelagic distribution and feeding in 

planktivorous fish. Oecologia 44:368–375. Article
Boltovskoy, E. 

1973. Daily vertical migration and absolute abundance 
of living planktonic foraminifera. J. Foraminiferal Res. 
3:89–94. Article

Boltovskoy, D. (ed).
1999. South Atlantic zooplankton, vols. 1 and 2, 1706 p. 

Backhuys Publs., Leiden, Netherlands.
Byron, C. J., and J. S. Link. 

2010. Stability in feeding ecology of four demersal fish 
predators in the US Northeast Shelf Large Marine Eco-
system. Mar. Ecol. Prog. Ser. 406:239–250. Article

Carpenter, K. E. (ed.). 
2002a. The living marine resources of the western central 

Atlantic. Volume 2: bony fishes part 1 (Acipenseridae to 
Grammatidae). FAO Species Identification Guide for 
Fishery Purposes and American Society of Ichthyologists 
and Herpetologist Special Publication No. 5, p. 601–
1374. FAO, Rome.

2002b. The living marine resources of the western central 
Atlantic. Volume 3: bony fishes part 2 (Opistognathidae 
to Molidae), sea turtles and marine mammals. FAO 

http://dx.doi.org/10.1139/f2012-051
http://dx.doi.org/10.3354/meps07620
http://dx.doi.org/10.1016/0022-0981(80)90150-1
http://dx.doi.org/10.1111/j.1095-8649.1996.tb01455.x
http://dx.doi.org/10.1023/A:1004115010030
http://dx.doi.org/10.1080/02755947.2011.611861
http://dx.doi.org/10.1577/1548-8659(1974)103%3c255:DPODAF%3e2.0.CO;2
http://dx.doi.org/10.5194/essd-4-167-2012
http://dx.doi.org/10.4319/lo.1976.21.4.0529
http://dx.doi.org/10.1017/S0025315400058835
http://dx.doi.org/10.1007/BF00545241
http://dx.doi.org/10.2113/gsjfr.3.2.89
http://dx.doi.org/10.3354/meps08570


328 Fishery Bulletin 114(3)

Species Identification Guide for Fishery Purposes and 
American Society of Ichthyologists and Herpetologist 
Special Publication No. 5, p. 1375–2127. FAO, Rome.

Costello, M. J. 
1990. Predator feeding strategy and prey importance: a new 

graphical analysis. J. Fish Biol. 36:261–263. Article
Dadon, J. R., and L. L. de Cidre.

1992. The reproductive cycle of the Thecosomatous ptero-
pod Limacina retroversa in the western South Atlan-
tic. Mar. Biol. 114:439–442. Article

Doney, S. C., V. J. Fabry, R. A. Feely, and J. A. Kleypas.
2009. Ocean acidification: the other CO2 problem. Annu. 

Rev. Mar. Sci. 1169–192. Article
Franqueville, C. 

1971. Macroplancton profond (invertébrés) de la Méditer-
ranée nord-occidentale. Téthys 3:11–56.

Frazer, T. K., W. J. Lindberg, and G. R. Stanton. 
1991. Predation on sand dollars by gray triggerfish, Bali-

stes capriscus, in the northeastern Gulf of Mexico. Bull. 
Mar. Sci. 48:159–164. 

Garrison, L. P., and J. S. Link.
2000. Diets of five hake species in the northeast United 

States continental shelf ecosystem. Mar. Ecol. Prog. Ser. 
204:243–255. Article

Goldman, S. F., and G. R. Sedberry.
2010. Feeding habits of some demersal fish on the Charles-

ton Bump off the southeastern United States. ICES J. 
Mar. Sci. 68:390–398. Article

Hays, G. C. 
2003. A review of the adaptive significance and ecosys-

tem consequences of zooplankton diel vertical migra-
tions. Hydrobiologia 503:163–170. Article

Hendler, G., J. E. Miller, D. L. Pawson, and P. M. Kier.
1995. Sea stars, sea urchins, and allies: echinoderms of 

Florida and the Caribbean, 390 p. Smithsonian Inst. 
Press, Washington, D.C.

Hobson, E. S. 
1974. Feeding relationships of teleostean fishes on coral 

reefs in Kona, Hawaii. Fish. Bull. 72:915–1031.
Holling, C. S.

1973. Resilience and stability of ecological sys-
tems. Annu. Rev. Ecol. Syst. 4:1–23. Article

Hopkins, T. L., M. E. Flock, J. V. Gartner Jr., and J. J. Torres. 
1994. Structure and trophic ecology of a low latitude mid-

water decapod and mysid assemblage. Mar. Ecol. Prog. 
Ser. 109:143–156.

Jaworski, A., and S. A. Ragnarsson.
2006. Feeding habits of demersal fish in Icelandic wa-

ters: a multivariate approach. ICES J. Mar. Sci. 
63:1682–1694. Article

Johnson, F. H. 
1977. Responses of walleye (Stizostedion vitreum vit-

reum) and yellow perch (Perca flavescens) populations 
to removal of white sucker (Catostomus commersoni) 
from a Minnesota lake, 1966. J. Fish. Res. Board Can. 
34:1633–1642.  Article

Johnson, W. S., and D. M. Allen.
2005. Zooplankton of the Atlantic and Gulf Coasts: a 

guide to their identification and ecology, 379 p. Johns 
Hopkins Univ. Press, Baltimore, MD.

Kauppert, P. A.
2002. Feeding habits and trophic relationships of an as-

semblage of fishes associated with a newly established 
artificial reef off South Carolina. M.S. thesis, 123 p. 
College of Charleston, Charleston, SC.

Kelly, A. M.
2014. Age, growth, and reproduction of gray trigger-

fish Balistes capriscus off the southeastern U.S. Atlan-
tic coast. M.S. thesis, 54 p. College of Charleston, 
Charleston, SC.

Krumme, U. 
2009. Diel and tidal movements by fish and decapods link-

ing tropical coastal ecosystems. In Ecological connectiv-
ity among tropical coastal ecosystems (I. Nagelkerken, p. 
271–324. Springer, Dordrecht, Netherlands.

Kurz, R. C. 
1995. Predator–prey interactions between gray triggerfish 

(Balistes capriscus Gmelin) and a guild of sand dollars 
around artificial reefs in the northeastern Gulf of Mexico. 
Bull. Mar. Sci. 56:150–160. 

Latour, R. J., M. J. Brush, and C. F. Bonzek.
2003. Toward ecosystem-based fisheries management: 

strategies for multispecies modeling and associated data 
requirements. Fisheries 28(9):10–22. Article

Latour, R. J., J. Gartland, C. F. Bonzek, and R. A. Johnson.
2008. The trophic dynamics of summer flounder (Parali-

chthys dentatus) in Chesapeake Bay. Fish. Bull. 106: 
47–57.

Link, J. S. 
2002. What does ecosystem-based fisheries management 

mean? Fisheries 27(4):18–21. Article
Link, J. S., J. Burnett, P. Kostovick, and J. Galbraith. 

2008. Value-added sampling for fishery independent sur-
veys: don’t stop after you’re done counting and measur-
ing. Fish. Res. 93:229–233. Article

Manooch, C. S., III. 
1977. Foods of the red porgy, Pagrus pagrus Linnaeus 

(Pisces: Sparidae), from North Carolina and South Caro-
lina. Bull. Mar. Sci. 27:776–787.

Meister, H. S., D. M. Wyanski, J. K. Loefer, S. W. Ross, A. M. 
Quattrini, and K. J. Sulak.
2005. Further evidence for the invasion and establish-

ment of Pterois volitans (Teleostei: Scorpaenidae) along 
the Atlantic coast of the United States. Southeast. Nat. 
4:193–206. 

Morris, J. A., Jr., and J. L. Akins.
2009. Feeding ecology of invasive lionfish (Pterois voli-

tans) in the Bahamian archipelago. Environ. Biol. Fish. 
86(3): 389–398. Article

Narver, D. W. 
1970. Diel vertical movements and feeding of under-

yearling sockeye salmon and the limnetic zooplankton 
in Babine Lake, British Columbia. J. Fish. Res. Board 
Can. 27:281–316. Article

NMFS (National Marine Fisheries Service).
2009. Report to Congress: the state of science to sup-

port an ecosystem approach to regional fishery manage-
ment. NOAA Tech. Memo. NMFS-F/SPO-96, 24 p.

Oksanen, J., F. G. Blanchet, R. Kindt, M. J. Oksanen,, and M. 
A. S. S. Suggests.
2013. vegan: community ecology package. R package, vers. 

2.0-10. [Available at website.]
Parra-Flores, A., and R. Gasca.

2009. Distribution of pteropods (Mollusca: Gastropoda: 
Thecosomata) in surface waters (0–100 m) of the Western 
Caribbean Sea (winter, 2007). Rev. Biol. Mar. Oceanogr. 
44:647–662. Article

Pianka, E. R.
1976. Competition and niche theory. In Theoretical ecol-

http://dx.doi.org/10.1111/j.1095-8649.1990.tb05601.x
http://dx.doi.org/10.1007/BF00350035
http://dx.doi.org/10.1146/annurev.marine.010908.163834
http://dx.doi.org/10.3354/meps204243
http://dx.doi.org/10.1093/icesjms/fsq064
http://dx.doi.org/10.1023/B:HYDR.0000008476.23617.b0
http://dx.doi.org/10.1146/annurev.es.04.110173.000245
http://dx.doi.org/10.1016/j.icesjms.2006.07.003
http://dx.doi.org/10.1139/f77-228
http://dx.doi.org/10.1577/1548-8446(2003)28%5b10:TEFM%5d2.0.CO;2
http://dx.doi.org/10.1577/1548-8446-27-4
http://dx.doi.org/10.1016/j.fishres.2008.04.011
http://dx.doi.org/10.1007/s10641-009-9538-8
http://dx.doi.org/10.1139/f70-036
http://spo.nmfs.noaa.gov/tm/TM96Web.pdf
http://spo.nmfs.noaa.gov/tm/TM96Web.pdf
http://spo.nmfs.noaa.gov/tm/TM96Web.pdf
http://cran.r-project.org/web/packages/vegan
http://dx.doi.org/10.4067/S0718-19572009000300011


Goldman et al.: Feeding habits of Pagrus pagrus and Balistes capriscus  329

ogy: principles and applications (R. M. May, ed.), p. 114–
141. Saunders, Philadelphia, PA. 

R Core Team.
2014. R: a language and environment for statistical com-

puting. R Foundation for Statistical Computing, Vienna, 
Austria. [Available from website, accessed December 
2014.]

Rampal, J. 
1975. Les thécosomes (mollusques pélagiques): systéma-

tique et évolution, écologie et biogéographie Méditer-
ranéennes. Thesis, 485 p. Univ. Provence, Aix-Mar-
seille, France.

Randall, J. E.
1968. Caribbean reef fishes, 318 p. T. F. H. Publications, 

Jersey City, NJ. 
Sardou, J., M. Etienne, and V. Andersen.

1996. Seasonal abundance and vertical distributions of 
macroplankton and micronekton in the northwestern 
Mediterranean Sea. Oceanol. Acta 19:645–656.

Schultz, G. A.
1969. How to know the marine isopod crustaceans, 359 p. 

W.C. Brown Co., Dubuque, IA.
ter Braak, C. J. F.

1986. Canonical correspondence analysis: a new eigen-
vector technique for multivariate direct gradient analy-
sis. Ecology 67:1167–1179. Article

ter Braak, C. J. F., and P. F. M. Verdonschot
1995. Canonical correspondence analysis and related 

multivariate methods in aquatic ecology. Aquat. Sci. 57: 
255–289. Article

Vose, F. E.
1990. Ecology of fishes on artificial and rock outcrop reefs 

off the central east coast of Florida. Ph.D. diss., 140 
p. Florida Inst. Tech., Melbourne, FL.

Vose, F. E., and W. G. Nelson. 
1994. Gray triggerfish (Balistes capriscus Gmelin) feeding 

from artificial and natural substrate in shallow Atlantic 
waters of Florida. Bull. Mar. Sci. 55:1316–1323.

Weaver, D. C., and G. R. Sedberry
2001. Trophic subsidies at the Charleston Bump: food 

web structure of reef fishes on the continental slope of 
the southeastern United States. Am. Fish. Soc. Symp. 
25:137–152. 

Whitfield P. E., T. Gardner, S. P. Vives, M. R. Gilligan, W. R. 
Courtenay Jr., G. C. Ray, and J. A. Hare. 
2002. Biological invasion of the Indo-Pacific lionfish 

Pterois volitans along the Atlantic coast of North Ameri-
ca. Mar. Ecol. Prog. Ser. 235:289–297. Article

Williams, A. B.
1984. Shrimps, lobsters, and crabs of the Atlantic Coast 

of the eastern United States, Maine to Florida, 550 p. 
Smithsonian Inst. Press, Washington, DC.

https://www.r-project.org/
http://dx.doi.org/10.2307/1938672
http://dx.doi.org/10.1007/BF00877430
http://dx.doi.org/10.3354/meps235289


This content is in the public domain.


	SEDAR82 RD cover pages.pdf
	Goldman,S.F._etal_2016_Fish.Bull.pdf



