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Abstract—The lower Chesapeake Bay and coastal ocean of
Virginia serve as an important nursery area for bluefish
Pomatomus saltatrix. Describing the diet composition of
young-of-the-year (hereafter, age-0) bluefish in this region is
essential to support current Chesapeake Bay ecosystem
modeling efforts and to contribute to the understanding of
the foraging ecology of these fish along the U.S. Atlantic
coast. The stomach contents of 404 age-0 bluefish collected
from the lower Chesapeake Bay and adjacent coastal zone in
1999 and 2000 were examined as part of a diet composition
study. Age-0 bluefish foraged primarily on bay anchovies
Anchoa mitchilli, striped anchovies Anchoa hepsetus, and
Atlantic silversides Menidia menidia. Other fishes such as
striped bass Morone saxatilis, white perch Morone americana,
Atlantic menhaden Brevoortia tyrannus, and bluefish were
seasonally important. Crab zoea and megalope Callinectes
spp. and amphipods Gammarus spp. were the most important
invertebrate prey. A seasonal dietary shift from Atlantic
silversides to anchovies was evident. Overall, small pelagic
and littoral schooling fishes, particularly engraulids and
atherinids, predominated in the diet of the age-0 bluefish
collected for this study. Although the results presented here
were similar to the diet composition of age-0 bluefish reported
in previous studies, some notable differences were probably
due to spatial and temporal differences in prey assemblages.

Bluefish Pomatomus saltatrix are a highly migratory
coastal pelagic species that occurs in temperate and
subtropical waters throughout the world, except for the
eastern Pacific. In the United States, bluefish are found
seasonally along the eastern coastline from Maine to
Florida (Kendall and Walford 1979) and in the northern
Gulf of Mexico (Ditty and Shaw 1995). Genetic
analyses have shown that bluefish along the U.S.
Atlantic coast comprise a single unit stock (Graves et
al. 1992), which is managed by the Mid-Atlantic
Fishery Management Council (MAFMC) and the
Atlantic States Marine Fisheries Commission
(ASMFC) accordingly.

Historically, the Atlantic coast bluefish stock has
experienced periods of great abundance interspersed
with decades in which these fish were nearly absent
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from the coastal waters (Baird 1873; Bigelow and
Schroeder 1953). Recent trends in biomass estimates
and landings have raised concerns that the stock is
currently in a period of decline (Lewis 2002). Factors
including overfishing, declining habitat quality and
reproductive success, altered migratory patterns, com-
petition with increased populations of striped bass
Morone saxatilis, and shifts in feeding ecology have
been identified as possible causes of these trends
(MAFMC 1998).

The perception of a decline in the abundance of
Atlantic coast bluefish, combined with a realized lack
of fundamental population dynamics information, has
prompted a number of research activities in recent
years. Several studies have focused on quantifying
various aspects of the biology and ecology of young-
of-the-year (age-0) bluefish; the potential importance
of this life stage in determining future stock size of
fishes is well documented (Sissenwine 1984; Wicker
and Johnson 1987; Fogarty et al. 1991; Buijse and
Houthuijzen 1992). Specifically, diet composition,
feeding behavior, and resource competition have
received considerable attention (Juanes et al. 1993;
Juanes and Conover 1994; Buckel and Conover 1997;
Buckel et al. 1999a; Buckel and Stoner 2000; Buckel
and McKown 2002; Scharf et al. 2002; Able et al.
2003, Scharf et al. 2004), and collectively, these studies
have contributed greatly to our understanding of age-
0 bluefish feeding ecology. Although the diet compo-
sition of these fish has been investigated in several U.S.
Atlantic coast estuaries, few attempts have been made
to quantify bluefish diet in Chesapeake Bay, the largest
of these estuaries and, along with Virginia’s coastal
ocean, an important bluefish nursery area (Austin et al.
1997).

In the early 1990s, Hartman and Brandt (1995)
documented the age-specific diet of bluefish ranging
from ages 0 to 2 in Chesapeake Bay, though sampling
was limited to the Maryland portion of the bay. More
recently, Harding and Mann (2001) quantified bluefish
feeding in the lower Chesapeake Bay; however, this
study examined mostly age-1 fish from an oyster reef
in the Piankatank River, Virginia. Although these
studies provided valuable insights into bluefish forag-
ing ecology in Chesapeake Bay, neither characterized
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the age-0 bluefish diet in the lower bay or Virginia’s
coastal ocean. Such an investigation would provide
critical trophic interaction data necessary to support
current Chesapeake Bay ecosystem modeling efforts
(Latour et al. 2003). Further, this information, when
combined with results from previous studies, would
contribute to a more comprehensive, coastwide de-
piction of bluefish feeding ecology during their first
year of life.

In this paper, we present the results of a diet
composition study of age-0 bluefish inhabiting the
lower Chesapeake Bay and the coastal ocean of
Virginia to fill the aforementioned data gaps. Spatial,
interannual, and intraannual diet variations were
evaluated to provide a more detailed description of
predator—prey trophic interactions.

Methods

Field collections—Age-0 bluefish were sampled
from the lower Chesapeake Bay and the coastal ocean
of Virginia in 1999 and 2000 (Figure 1). A bag seine
(30.5 X 1.8 m, 6.4-mm-bar mesh) was used to collect
specimens biweekly during the months of May through
October each year. Sampling was conducted at 11 fixed
stations on Virginia’s Eastern Shore and Southside
beaches. Select sites on Virginia’s tributaries were also
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sampled approximately biweekly from July to Septem-
ber during these years. All age-0 bluefish (identified by
specimen length) were immediately preserved in 10%
buffered formalin upon capture to minimize digestive
losses. Additional specimens were collected from the
lower main-stem Chesapeake Bay and its tributaries by
the Virginia Institute of Marine Science Juvenile Fish
and Blue Crab Trawl Survey, which conducts cruises
monthly throughout the entire year (Geer and Austin
2000). This survey tows a 9.1-m semiballoon otter
trawl (38.1-mm stretched-mesh body, 6.4-mm
stretched-mesh cod end liner) along the bottom for 5
min at each sampling location. Age-0 bluefish captured
by this survey were held on ice to minimize digestive
losses and preserved upon return to the laboratory at
the end of each day. All seine and trawl collections
were conducted during daylight hours.

Laboratory procedures.—In the laboratory, each
specimen was removed from the preservative and
rinsed with freshwater. Fork length (mm) and location
and date of capture were recorded. Each stomach was
opened, and the inner walls were scraped with the tip of
a scalpel to collect all contents. Prey items were sorted,
identified to the lowest possible taxon, and weighed
(0.001 g, wet weight) after blotting excess fluid.

General diet description.—In support of ecological
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FIGURE 1.—Map of the lower Chesapeake Bay and coastal ocean of Virginia, showing the locations (solid dots) where age-

0 bluefish were collected for a diet study in 1999 and 2000.
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modeling efforts in the Chesapeake Bay region (Latour
et al. 2003), the percent weight index was selected to
categorize the main prey in the diet of age-O bluefish
(Hyslop 1980). Both the seine and trawl collections
yielded a cluster of bluefish at each station, so this
index was calculated using a cluster sampling estimator
(Buckel et al. 1999a, 1999b).

The contribution of each prey type k to the diet by
weight (%W,) was calculated by

n
Miqix
%Wy ==

n
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100,
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ik = ——
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and M, is the number of bluefish collected at sampling

location i, w; is the total weight of all prey items found

in the stomachs of bluefish collected from sampling

location 7, and w,, is the total weight of prey type k in
these stomachs.

Spatial and temporal diet variability.—Canonical
correspondence analysis (CCA; ter Braak 1986),
a multivariate direct gradient analysis technique, was
used to explore the relationship between age-0 bluefish
diet and three factors: location (estuary versus coastal
ocean, referred to as spatial), year of capture (in-
terannual), and month of capture (intraannual). Al-
though potentially informative, the inclusion of
additional factors, such as cohort (spring-spawned
versus summer-spawned) and gear (seine versus trawl),
to the analysis was precluded by small sample size.
Each element of the response matrix was the mean
percent weight of a given prey type for a given
sampling location, year, and month combination,
weighted by sample size (i.e., number of bluefish
collected at a sampling site). The matrix was log-
transformed (log [x + 1]) to account for the lognormal
distribution of the data (Garrison and Link 2000).
Explanatory variables were coded using nominal
variables, and location-year-month blocks containing
fewer than three observations were excluded to
eliminate variance issues related to small sample size.
The CCA analysis was performed using CANOCO
4.52 (ter Braak 2003).

Specifically, the CCA was used to reveal the amount
of variability in the bluefish diet explained by the
canonical axes, linear combinations of the three
explanatory variables correlated to weighted averages
of prey within blocks (ter Braak 1986; Garrison and
Link 2000). The significance of the factors was
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determined using forward selection (ter Braak 1986).
A species—factor biplot was constructed to examine the
correlations between the explanatory factors and the
canonical axes and to explore the dietary trends
associated with these variables. Additional diet
descriptions were then generated based on the
perceived trends.

Results
General Diet Description

Prey were encountered in 331 of the 404 (81.9%)
age-0 bluefish stomachs processed for diet analysis. Of
the 17 identifiable prey types, 11 were fishes and 6
were invertebrates. Small, pelagic and littoral schooling
fishes were the main prey of age-0 bluefish (Figure 2).
Taken together, bay anchovy Anchoa mitchilli, striped
anchovy Anchoa hepsetus, and Atlantic silverside
Menidia menidia accounted for 74.7% of the diet by
%W. When combined with Anchoa spp. (i.e., ancho-
vies that could not be identified to species), engraulids
and atherinids composed 77.2% of the diet. Of these
prey, bay anchovies were predominant (%W = 33.5%),
followed by striped anchovies (23.3%) and Atlantic
silversides (17.9%). Invertebrate prey were of second-
ary importance and were consumed mainly by smaller
specimens. Crab zoea and megalope (Callinectes spp.;
%W =2.9%) and amphipods (Gammarus spp.; %W =
2.7%) were the most important invertebrates in the diet.

The %W values for the 12 remaining identifiable
prey types were each less than 2.0% and included the
juvenile stage of several economically and ecologically
important species: striped bass, bluefish, white perch
Morone americana, Atlantic herring Clupea harengus,
Atlantic menhaden Brevoortia tyrannus, Atlantic brief
squid Lolliguncula brevis, opossum shrimp Neomysis
americana, and sand shrimp Crangon septemspinosa.
The unknown categories, especially unknown fish and
unknown prey, composed a substantial portion of the
diet. Many of the unknown items encountered in
stomachs containing identifiable prey probably re-
flected the identified species composition, but they
were classified as unknown to preclude potential error
in diet descriptions.

Spatial and Temporal Diet Variability

The CCA indicated that the hypothesized explana-
tory variables explained 6.7% of the variance in the
age-0 bluefish diet composition, and the first two
canonical axes accounted for 85.5% of this variability.
The first axis was correlated with the month of capture
and represented an intraannual shift in the bluefish diet
(r=0.678; P =10.001; Figure 3). The second axis was
correlated with both location (r=0.434; P =0.249) and
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FIGURE 2.—Diet composition of age-0 bluefish collected from the lower Chesapeake Bay and coastal ocean of Virginia in

1999 and 2000.

year of capture (r =—0.298; P = 0.444), but neither of
these variables were significant.

Based on the results of the CCA, the age-0 bluefish
diet was partitioned by month to explore the intra-
annual diet variability (Table 1). Atlantic silversides,
unidentifiable fish eggs, and crab zoea and megalope
were the main prey of bluefish upon arrival to the
Chesapeake Bay region in May. Silversides continued
to predominate in June and July, accounting for
approximately 50% by weight each month. Striped
bass and brief squid were of secondary importance in
June, and bay and striped anchovy, white perch, and
opossum shrimp were minor components. Anchovies
increased in importance in July, composing 21.8% of
the diet, and some cannibalism was observed at this
time. Sand shrimp and crab zoea and megalope were
the main invertebrates consumed.

Age-0 bluefish foraged primarily on bay and striped
anchovies from August to October, which accounted
for more than 80% of the diet each month. The
diversity of identifiable prey consumed peaked in
August. Atlantic silversides were no longer the main
prey, and the %W value for this species was nearly

equal to that of amphipods and crab zoea and
megalope. Cannibalism was again evident. Bluefish
fed almost exclusively on bay and striped anchovy in
September and October. Atlantic herring, Atlantic
menhaden, and Atlantic silversides were minor com-
ponents of the diet in September, and brief squid and
rough silversides Membras martinica were the only
other identifiable prey in the stomachs of bluefish in
October. Bluefish diet was 95.7% bay anchovy by
weight in November, and the remaining 4.3% was
Atlantic silversides and sand shrimp.

Discussion

This study provides an accurate depiction of the
foraging ecology of age-0 bluefish inhabiting the lower
Chesapeake Bay and nearshore waters of Virginia in
1999 and 2000 because these predators were sampled
throughout their entire nursery period from numerous
localities in the bay, its tributaries, and the adjacent
coastal ocean. Small pelagic and littoral schooling
fishes predominated the diet of the age-O bluefish
collected from this area. Bay anchovies, striped
anchovies, and Atlantic silversides were the main prey



NOTE 375
1.0
Bluefish
L J
Atlantic herring
0.5 - Sand shrimp
° ® Anchoa spp.
Crab d
rab zoae an Unknown prey MONTH
megalope
® Striped anchovy
[\l
»
g Unknown fish
< 0 4 .
< ° .
Atlantic silversidg
@] Bay anchovy
&
A Tc brief squid
-0.5 = o
Opossum shrimp Atlantic
Gammarid menhaden
amphipod ° [
Striped White perch .. Rough silverside
basg ® Lady crab
® Unknown invertebrate
-1.0 T T '
-0.5 0 0.5 1.0
CCA axis 1

FIGURE 3.—The canonical correspondence analysis biplot used to explore the spatial and temporal variability in the diet of
age-0 bluefish collected from the lower Chesapeake Bay and coastal ocean of Virginia in 1999 and 2000. The arrow represents
the significant explanatory factor, and points represent prey types.

by weight. Although the dietary contribution of each of
the seven other identifiable fish prey species was
minor, combined they accounted for 5.1% by %W,
suggesting that the contribution of prey consumed
occasionally is relatively important as a whole. Further,
the diversity of fishes composing the diet attests to the
piscivorous feeding nature of bluefish. Invertebrates
(i.e., several species of crabs, shrimps, and amphipods)
were a relatively small component of the diet, but they
were found in bluefish stomachs throughout the entire
investigation.

The description of age-0 bluefish diet in the lower
Chesapeake Bay and coastal ocean of Virginia is
consistent with other findings on age-0 bluefish feeding
in estuarine and coastal waters—that is, that pelagic
and littoral schooling fishes were the main prey and
invertebrates, mostly crustaceans, were of secondary
importance (Breeder 1922; Grant 1962; Lassiter 1962;
Juanes et al. 1993; Juanes et al. 1994; Hartman and

Brandt 1995; Juanes and Conover 1995; Buckel and
Conover 1997; Buckel et al. 1999a; Scharf et al. 2004).
Similar to our findings for the lower Chesapeake Bay
and adjacent coastal waters, age-O bluefish in New
York’s Hudson River and Great South Bay fed
primarily on engraulid and atherinid fishes during the
period of estuarine residency (Juanes et al. 1993;
Juanes et al. 1994; Juanes and Conover 1995; Buckel
and Conover 1997; Buckel et al. 1999a).

Although pelagic and littoral schooling fishes
predominated in the diet reported in our study and
most previous investigations, analysis of the species
compositions of these diets did yield several differ-
ences. Most notably, anadromous fishes—specifically,
striped bass, American shad Alosa sapidissima, and
blueback herring Alosa aestivalis—were important
prey of age-0 bluefish inhabiting the Hudson River
(Juanes et al. 1993; Juanes et al. 1994; Buckel and
Conover 1997; Buckel et al. 1999a), whereas we found
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TABLE 1.—Monthly diet composition expressed as percent weight of age-0 bluefish collected from the lower Chesapeake Bay
and coastal ocean of Virginia in 1999 and 2000. Sample size is given in parentheses beside each month.

Prey type May (6) Jun (53) Jul (50) Aug (142) Sep (86) Oct (38) Nov (29)
Anchoa spp. 0 0 0 5.6 23 0.7 0
Atlantic herring 0 0 1.5 0 1.2 0 0
Atlantic menhaden 0 0 0 0 1.2 0 0
Atlantic silverside 333 52.1 47.6 7.3 9.1 0 33
Bay anchovy 0 54 12.9 30.0 42.6 49.8 95.7
Bluefish 0 0 44 2.2 0 0 0
Fish egg 31.0 0 0 0 0 0 0
Rough silverside 0 0 0 1.7 0 0.5 0
Striped anchovy 0 3.8 8.9 26.3 38.6 443 0
Striped bass 0 10.7 0 0 0 0 0
White perch 0 4.0 1.2 0 0 0 0
Atlantic brief squid 0 10.5 0 0 0 1.6 0
Crab zoea and megalope 16.6 <0.1 2.6 6.6 0.1 1.6 0
Gammarid amphipod 0 0 0.1 75 0 0 0
Lady crab 0 0 0 0.8 0 0 0
Opossum shrimp 0 42 0.2 0.9 0 0 0
Sand shrimp 0 0.2 4.3 <0.1 0 0 1.0
Unknown fish 0 7.7 15.7 5.8 35 3.0 0
Unknown invertebrate 0 1.3 0 0 0 <0.1 0
Unknown prey 19.0 0 0.5 5.4 1.5 <0.1 0

striped bass were a minor component and American
shad and blueback herring were absent. Age-0 bluefish
rarely venture into the Chesapeake Bay’s upper and
middle tributary nursery areas occupied by these age-
0 anadromous fishes, which probably explains the
minimal predator—prey interactions between bluefish
and anadromous fishes in this region (Austin et al.
2001).

Although the diet composition from our study
generally resembled that reported by Hartman and
Brandt (1995), appreciable differences in prey species
composition were again evident. They reported that
Atlantic menhaden was one of the main prey of age-
0 bluefish, whereas we found this prey species was of
minor importance. Indices of relative abundance for
age-0 Atlantic menhaden in Chesapeake Bay have
declined steadily throughout the 1990s, which may
explain these differences in diet composition (ASMFC
2004). The overall diet diversity in this study was
greater than that reported by Hartman and Brandt
(1995). Several of the main prey in this study (e.g.,
Atlantic silversides, striped anchovies, and crab zoea
and megalope) were either of minor importance or
absent from the description provided by Hartman and
Brandt (1995). These inconsistencies are probably due
to differences in the sampling locations (mesohaline
versus polyhaline environments) and the periods (early
1990s versus late 1990s) of the studies.

The CCA accounted for 6.7% of the variability in the
diet of age-O bluefish, which is reasonable when
considering the similarities to previous applications of
this method to finfish diet data and given the number of
biotic and abiotic factors potentially influencing the

feeding ecology of finfish (Link et al. 2002; Link and
Garrison 2002). Of the three hypothesized explanatory
variables, season was the only significant factor. This
result is not unexpected given the well-documented,
acute seasonal faunal shifts in Chesapeake Bay (Murdy
et al. 1997). The shift from a predominantly Atlantic
silverside diet in the late spring and early summer to
one mainly composed of anchovies by midsummer was
also observed by Juanes and Conover (1995) in Great
South Bay. Hartman and Brandt (1995) also found that
age-0 bluefish foraged primarily upon bay anchovies in
the upper Chesapeake Bay during late summer but did
not observe the early summer predominance of Atlantic
silversides (our study)—again, perhaps because of
differences in sampling locations.

With the addition of the present study, we now have
a more complete coastal assessment of bluefish feeding
ecology. Collectively, age-O bluefish diet investiga-
tions ranging from New York to North Carolina
indicated that the engraulids and atherinids are
important food sources in each of these nursery areas.
Furthermore, although prey fish species composition
varied among these regions, all prey were usually
small, pelagic and littoral age-0 and age-1 fishes, and
bluefish diet differences probably reflected spatial and
temporal variations in these prey assemblages.
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