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Abstract.—Estimates of gastric evacuation rates (GER) are needed to calculate consumption
rates of fish from field-collected data on stomach contents. The results of 16 GER experiments
designed to determine the effects of body size, prey type, and temperature on the GER in young-
of-the-year (age-0) bluefish Pomatomus saltatrix are presented. The linear, square-root, and ex-
ponential GER models similarly fit the data. Temperature had a highly significant effect on age-0
bluefish GER. However, there was no significant difference in GER between small (5.14 g wet
weight) and large (35.99 g wet weight) age-0 bluefish. Among the three different prey types tested
(age-0 striped bass Mor one saxatilis, bay anchovy Anchoa mit chilli, and age-0 Atlantic menhaden
Brevoortia tyrannus) there was no significant difference in GER. The exponential relation between
bluefish GER and temperature can be used in estimating age-0 bluefish consumption rates in the
field.

Along the Atlantic coast of the southern U.S.,
bluefish Pomatomus saltatrix spawn in continental
shelf waters beginning in early spring, about 2
months before the spawning of most estuarine fish-
es in the Middle Atlantic Bight. When young-of-
the-year (age-0) bluefish migrate into estuaries
along the Middle Atlantic Bight at about 60 d of
age, they are considerably larger than estuarine
age-0 fishes that become their principal prey. The
offshore-to-inshore habitat transition is coincident
with a shift in bluefish diet from zooplankton to
almost exclusively small fishes (Marks and Con-
over 1993). Juanes et al. (1994) and Juanes and
Conover (1995) hypothesize that this life history
pattern has evolved to allow an early onset of pis-
civory.

One east coast estuary where juvenile bluefish
are particularly abundant in early summer is the
lower Hudson River (Nyman and Conover 1988;
McBride and Conover 1991). In the Hudson River
estuary, age-0 bluefish prey includes the age-0
stages of many important anadromous species such
as striped bass Morone saxatilis and American
shad Alosa sapidissima (Juanes et al. 1993, 1994;
Buckel and Conover, unpublished data). The es-
tuarine juvenile stage of bluefish may strongly af-
fect the mortality rate of these and other prey spe-
cies for two reasons. First, the consumption and
growth rates of bluefish appear to be exceedingly
high (Juanes and Conover 1994; Buckel et al.
1995). Second, total prey consumption by juvenile
stages tends to exceed that of adult stages. The
latter occurs because cohort biomass tends to peak
at ages prior to maturity when weight-specific con-

sumption is also highest (Stewart and Binkowski
1986; Y£nez-Arancibia et al. 1993).

This paper is part of a larger study to estimate
the impact of bluefish predation on the mortality
rates of their prey. Making field-based determi-
nations of predation impacts requires accurate es-
timates of the predator's consumption rate. Con-
sumption rates of fishes in the field are estimated
from knowledge of gastric evacuation rates
(GERs) and stomach content weight (Eggers 1979;
Elliott and Persson 1978).

Here we determine the GER of age-0 bluefish.
A variety of factors are known to affect the GER
of fishes, including temperature, predator size,
meal size, prey type, prey size, number of meals,
time since previous meal, and force-feeding (Win-
dell 1978; Jobling 1981, 1986; Durbin et aL 1983;
Bromley 1994). Our study focuses on the effects
of temperature, predator size, and prey type. Be-
cause our ultimate goal is to use a predictive GER
function to aid in calculation of bluefish con-
sumption rate in the Hudson River estuary, we
used prey types and meal sizes that reflect those
found at this site. Effects of salinity on GER are
also evaluated.

Methods
Field collection and acclimation.—Age-0 blue-

fish were collected during early summer and mid-
summer in Great South Bay and Long Island
Sound, New York, with a 30-m beach seine. Larger
fish caught later in the season were also angled
with hook and line. Fish were immediately trans-
ported to the Flax Pond Marine Laboratory of the
State University of New York (SUNY) at Stony
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Brook, Old Field, New York, where all laboratory
experiments were conducted. Upon arrival, blue-
fish were placed in 680-L flow-through seawater
tanks at ambient temperature and salinity (~21°C
and ~-28%c) and were fed ad libitum amounts of
live Atlantic silversides Menidia menidia.

In our first year of experiments, laboratory
stocks of bluefish were acclimated for at least 1
week to either low temperature (~-22.5°C) or high
temperature (—28.5°C) and to low salinities rang-
ing from 5%c to 10%o. These salinities are similar
to those typically found in our Hudson River study
site (mean, 7%o; range, 5-15%c) based on our un-
published data. During this period, ad libitum
amounts of Atlantic silversides were provided as
food. Prior to all experiments, bluefish were fur-
ther acclimated to experimental temperatures (21
or 24°C for fish acclimated to low temperatures
and 27 or 30°C for fish acclimated to high tem-
peratures) and tanks for at least 48 h. The time
since a previous meal ranged from 12 to 48 h.
Because experiments the first year demonstrated
that salinity had no measurable effect on GER, all
experiments the second year were conducted at
ambient Flax Pond salinity (28%o).

Experimental protocol.—All GER experiments
were conducted in an identical manner. Experi-
ments were performed in 30 x 60 X 100-cm tanks
that were filled to a height of 30 cm and contained
one fish per tank. A single prey item was fed to
each bluefish. After the prey item was ingested,
the bluefish was assigned a digestion period rang-
ing from 0.25 h to 11 h. At the end of this period
the tank was drained and the fish was anesthetized
with MS-222 (tricaine methanesulfonate) to pre-
vent regurgitation during capture. Fish were then
killed with an overdose of MS-222. Total length
(TL) and fork length (nearest millimeter) and
weight (nearest 0.01 g) were measured. Stomach
contents were removed, blotted dry, and weighed
to the nearest 0.001 g. Sample sizes per experiment
ranged from 11 to 20 bluefish.

Effects of body size, temperature, and salinity.—
During the first year (1992), experiments were de-
signed to determine the effects of temperature and
bluefish size on GER. Small and large age-0 blue-
fish were fed a single live age-0 striped bass (N
= 99) or white perch M. americana (N = 6). Age-0
striped bass were chosen as prey because of their
importance as both a resource species and pre-
dominant prey type in the Hudson River. These
experiments were performed at 5-10%c and four
different temperatures (21, 24, 27, and 30°C),
which cover the range of temperatures observed

TABLE 1.—Experimental design for bluefish gastric
evacuation experiments. Mean values of bluefish total
length (TL) and wet weight, prey wet weight, and prey
wet weight/bluefish wet weight (PW/BW) are presented
(raw data are available on request); N is the number of
bluefish per experiment. Bluefish sizes are small (S; 69-
106 mm TL), large (L; 126-206 mm TL), or not applicable
(NA). Prey types are striped bass (SB), bay anchovy (BA),
and Atlantic menhaden (AM).

jar Size

1 S
S
S
S
L
L
L
L

1 NA
1 NA
1 NA
1 NA
1 NA
1 NA
1 NA
1 NA

Prey

SB
SB
SB
SB
SB
SB
SB
SB
BA
BA
BA
BA
AM
AM
AM
AM

Tem-
pera-
ture
<°C)

21
24
27
30
21
24
27
30
21
24
27
30
21
24
27
30

Bluefish

N

17
16
11
11
14
13
12
11
20
18
15
12
19
15
14
13

TL
(mm)

82.8
81.6
84.1
95.4

161.9
159.2
156.8
155.3
114.6
128.6
127.7
108.8
98.1

110.1
120.0
98.9

Weight
(g)
4.51
4.61
5.08
6.96

37.20
36.03
35.61
34.73
12.40
17.57
17.41
10.06
7.28

11.27
14.53
7.53

Prey
weight

(8)
0.287
0.254
0.309
0.335
1.455
1.737
1.811
1.480
0.572
0.838
0.782
0.546
0.508
0.514
0.774
0.486

PW/BW
(%)
6.77
5.68
6.44
5.25
4.13
4.90
4.88
3.94
5.55
4.89
4.65
5.91
7.30
5.17
6.01
6.56

during the summer months in the Hudson River
(Cooper et al. 1988). Two bluefish sizes were ex-
amined across four temperatures for a total of eight
experiments. Fish sizes in the four small bluefish
treatments were as follows: mean bluefish TL =
85.2 mm (range = 69-106 mm), mean wet weight
= 5.14 g, prey mean wet weight = 0.291 g, mean
prey wet weight/predator wet weight = 6.08% (Ta-
ble 1). Fish sizes in the four large bluefish treat-
ments were as follows: mean bluefish TL = 158.5
mm (range = 126-206 mm), mean wet weight =
35.99 g, prey mean wet weight = 1.618 g, mean
prey wet weight/predator wet weight = 4.47%.
The relationship between exponential GER (Rc,
log^-transformed) and temperature for the two
bluefish sizes were compared by analysis of co-
variance (ANCOVA) after testing for homogeneity
of slopes (Sokal and Rohlf 1995). In addition to
this analysis, we also examined the effect of blue-
fish size by comparing the slopes (Re, calculated
from nonlinear regression analyses) of small and
large treatments within individual temperatures by
means of a r-test (Zar 1984).

To evaluate the effects of salinity on GER, we
performed an experiment that was similar to one
performed earlier at the Flax Pond Laboratory by
Juanes and Conover (1994), except that ours was
conducted at salinities of 5-10%o, whereas Juanes
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and Conover (1994) used salinities of ~28%c. Ju-
anes and Conover (1994) performed their exper-
iment in 1990 with the following fish and meal
sizes and environmental conditions: mean bluefish
TL = 133.4 mm (N = 18, range = 121-143 mm),
mean wet weight = 19.85 g, prey mean wet weight
= 0.279 g, mean prey wet weight/predator wet
weight = 1.41%; temperature = 21-22°C, salinity
~~28%c. Our experiment was conducted in 1992
with similar fish and meal sizes and environmental
conditions: mean bluefish TL = 125.8 mm (N =
13, range = 108-140 mm), mean wet weight =
16.75 g, prey mean wet weight = 0.295 g, mean
prey wet weight/predator wet weight = 1.87%;
temperature = 2i°C, salinity = 5-10%o. In both
of these experiments live Atlantic silversides were
used as prey. We examined the effect of salinity
on bluefish GER by comparing the slopes (Re) of
the low- and high-salinity treatments with a r-test.

Effects of prey type and temperature.—Two ad-
ditional prey types were examined in our second
year of experiments (1993). Pieces of previously
frozen adult bay anchovy Anchoa mitchilli or fresh
age-0 Atlantic menhaden Brevoortia tyrannus were
used as prey at four temperatures (21, 24, 27, and
30°C) for a total of eight experiments. Fish sizes
in the four bay anchovy treatments were as fol-
lows: mean bluefish TL = 120.4 mm (range = 87-
146 mm), mean wet weight = 14.55 g, prey mean
wet weight = 0.689 g, mean prey wet
weight/predator wet weight = 5.22% (Table 1).
Fish sizes in the four Atlantic menhaden treat-
ments were as follows: mean bluefish TL = 105.9
mm (range = 82-141 mm), mean wet weight =
9.84 g, prey mean wet weight = 0.564 g, mean
prey wet weight/predator wet weight = 6.33%.
The relationship between Re (log^-transformed)
and temperature for bay anchovy, Atlantic men-
haden, and striped bass (small and large bluefish
treatments pooled) were compared by ANCOVA
after testing for homogeneity of slopes (Sokal and
Rohlf 1995). In addition to this analysis, we also
tested for the effect of prey type by comparing all
possible combinations of the three slopes within
individual temperatures with r-tests.

Model selection.—We used three different math-
ematical models to estimate age-0 bluefish GER,
a linear model (Swenson and Smith 1973; Olson
and Boggs 1986):

Wt/WQ = b - /?//;

a square-root model (Jobling 1981):

= b - R5t\

and an exponential model (Elliott and Persson
1978):

For all models, Wf is the final wet weight of the
prey at time /, WQ is the original wet weight of the
prey at time 0, b is the intercept, and /?/, Rs, and
Re are the linear, square-root, and exponential gas-
tric evacuation rates, respectively.

Comparisons of the coefficient of determina-
tions (r2) from linear regression analysis have typ-
ically been used by researchers to evaluate which
model provides the best fit to the GER data. Such
comparisons are invalid because the units of the
dependent variable for these models are not iden-
tical (Sokal and Rohlf 1995). An improved method
of comparison has been the use of a deviation in-
dex that is based on the differences between ob-
served and predicted dependent variables in the
untransformed space (Jobling 1986). However, this
method is not without problems because there is
a bias associated with back-transforming the pre-
dicted variable (Beauchamp and Olsen 1973).
Therefore, we used nonlinear regression analysis
to fit the three GER models (above equations, but
rearranged to obtain identical dependent variable
units) to the age-0 bluefish data. Choice of evac-
uation model was based on evaluation of r2 values
and residual patterns.

Results
Model Selection

Coefficients of determination from the linear
(mean r2 = 76.8, range = 52.9-91.8), square-root
(mean r2 = 76.9, range = 52.6-91.6), and the
exponential (mean r2 = 76.1, range = 50.8-90.8)
model fits were similar (Table 2). An analysis of
residual patterns did not indicate that any single
model was superior. All three GER models gave
equally good fits to the age-0 bluefish data. We
chose the exponential GER model for all analyses
below because of its widespread use in estimating
daily ration (Elliott and Persson 1978; Bromley
1994).

Effects of Body Size, Temperature, and
Salinity

Gastric evacuation rates in small and large blue-
fish treatments, representing early and late summer
Hudson River bluefish sizes, were not significantly
different (Figure 1A-D; Table 2). The slopes and
the intercepts of the regressions between Re (loge-
transformed) and temperature for small and large
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TABLE 2.—Nonlinear regression statistics for linear, square-root, and exponential gastric evacuation models. Coeffi-
cients of determination (r2), ^-intercepts (£), gastric evacuation rates (slope, R) and SEs of the slopes are presented for
all experiments (raw data are available on request). Bluefish sizes are small (S; 69-106 mm TL), large (L; 126-206
mm TL), or not applicable (NA). Prey types are striped bass (SB), bay anchovy (BA), and Atlantic menhaden (AM).

Experiment
Tem-
pera-
ture

21
24
27
30
21
24
27
30
21
24
27
30
21
24
27
30

Linear model
Size
S
S
S
S
L
L
L
L
NA
NA
NA
NA
NA
NA
NA
NA

Prey
SB
SB
SB
SB
SB
SB
SB
SB
BA
BA
BA
BA
AM
AM
AM
AM

r2

80.1
82.1
76.0
84.7
52.9
80.8
82.0
54.2
65.3
91.8
74.3
89.8
85.3
65.6
86.4
77.6

b
0.84
0.91
0.83
0.98
0.75
0.85
1.00
0.90
0.82
0.84
0.80
0.85
0.97
0.82
0.86
0.80

Kl
-0.065
-0.102
-0.105
-0.170
-0.050
-0.065
-0.127
-0.103
-0.071
-0.099
-0.104
-0.155
-0.089
-0.087
-0.119
-0.138

SE

0.008
0.013
0.020
0.024
0.014
0.010
0.019
0.032
0.012
0.007
0.017
0.017
0.009
0.018
0.014
0.022

r2

81.1
81.3
73.2
81.5
53.0
79.5
85.1
52.6
68.5
91.6
79.4
91.0
84.2
63.6
89.0
76.1

Square-root model
b

0.90
0.98
0.84
1.06
0.77
0.86
1.12
0.95
0.86
0.86
0.86
0.90
1.00
0.81
0.93
0.82

RS

-0.048
-0.076
-0.073
-0.120
-0.036
-0.043
-0.097
-0.072
-0.054
-0.071
-0.087
-0.124
-0.059
-0.057
-0.097
-0.100

SE

0.006
0.011
0.016
0.021
0.010
0.007
0.015
0.024
0.010
0.006
0.014
0.014
0.007
0.001
0.012
0.019

r2

81,7
78.0
70.3
78.5
53.2
77.7
85.0
50.8
70.4
90.3
83.2
90.8
81.8
61,2
90.0
74.5

Exponential model
b

0.97
1.05
0.88
1.16
0.81
0.89
1.24
0.99
0.93
0.89
0.95
0.97
1.03
0.83
0.96
0.85

Re

-0.144
-0.211
-0.197
-0.334
-0.105
-0.112
-0.267
-0.194
-0.157
-0.199
-0.273
-0.376
-0.149
-0.147
-0.298
-0.284

SE

0.020
0.036
0.047
0.080
0.032
0.020
0.044
0.074
0.031
0.020
0.043
0.052
0.021
0.035
0.039
0.065

0.0
8 10 12 0 6 8 10 12

Time (h)
FIGURE 1.—Proportion of meal remaining versus time for small (69-106 mm) and large (126-206 mm) age-0

bluefish feeding on age-0 striped bass at 21, 24, 27, and 30°C. The eight experiments conducted in 1992 are shown.
See Tables 1 and 2 for experimental design and results from regression analyses for these experiments.
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FIGURE 2.—Exponential model fits of proportion of meal remaining versus time for age-0 bluefish fed age-0

striped bass, bay anchovy, and age-0 Atlantic menhaden at 21, 24, 27, and 30°C.

bluefish were statistically indistinguishable
(slopes: F = 0.017; df = 1, 4; P = 0.903; inter-
cepts: F = 2.985; df = 1, 5; P = 0.115). In ad-
dition, no significant differences were found be-
tween small and large bluefish GER at 21°C (P =
0.294), 27°C (P = 0.290), or 30°C (P = 0.215).
However, there was a significant difference be-
tween small and large bluefish GER at 24°C (P =
0.033). Temperature had a significant effect on
bluefish GER in these experiments (F = 8.449; df
= 1, 6; P = 0.027).

We found no difference between GER estimates
from one of our experiments conducted at low sa-
linity: Wt/W0 = 1.196*0-374', N = 13, and r2 =
89.1 (r = time in hours) and a comparable past
experiment conducted at high salinity in our lab-
oratory (Juanes and Conover 1994): WyWo =
0.819*0-262', N = 18, and r2 = 46.6 (/-test: r =
1.034;df = 27; P = 0.310).

Effects of Prey Type and Temperature
Prey type did not have a significant effect on

GER in age-0 bluefish. The slopes and intercepts
of the regressions between Re (log^-transformed)
and temperature for bay anchovy, Atlantic men-
haden, and striped bass (small and large bluefish
treatment pooled; Table 2) were statistically in-
distinguishable (slopes: F = 0.039; df = 2, 10; P
= 0.962; intercepts: F = 1.980; df = 2, 12; P =
0.181). In addition, no significant differences (P
> 0.05) were found between any of the possible
comparisons between bay anchovy, Atlantic men-
haden, and striped bass treatments at 21, 24, 27 or
30°C. This can be seen visually by examining the
exponential regression model fits to these data
(Figure 2). For the bay anchovy and Atlantic men-
haden experiments, as in those with striped bass,
temperature had a significant effect on bluefish
GER (F = 30.946; df = 1, 6; P = 0.001).



596 BUCKEL AND CONOVER

Discussion
Model Selection

Linear GERs have been found in a wide variety
of piscivores. Walleye Stizostedion vitreum (Swen-
son and Smith 1973), largemouth bass Microp-
terus salmoides (Adams et al. 1982), Sacramento
squawfish Ptychocheilus grandis (Vondracek
1987), mountain whitefish Prosopium williamsoni
(McKone 1971), and yellowfin tuna Thunnus al-
bacares (Olson and Boggs 1986) evacuate their
guts in a linear fashion. However, not all pisciv-
orous fish have a linear GER. Hayward and Bush-
mann (1994), for example, found that juvenile
largemouth bass did not have a linear GER. Ju-
venile coho salmon Oncorhynchus kisutch (Rug-
gerone 1989) and brown trout Salmo trutta (Elliott
1991) had exponential GERs when fed piscine
prey.

All three GER models described our data equal-
ly well. This is most likely a result of the high
variability associated with our GER data. Past
GER studies with marine piscivores have also
found high variability in GER data. For example,
r2 values were relatively low (r2 = 0.50-0.73) in
a study of yellowfin tuna GER (Olson and Boggs
1986). This variability can arise from the several
factors that have been shown to affect GER in prior
studies (see list above). Therefore, it is important
to control for as many of these variables as pos-
sible when examining the influence of a specific
factor on GER. For example, although we attempt-
ed to control for several variables, we did not use
a fixed starvation period. Our starvation periods
varied from 12 to 48 h and may be a potential
source of variability. However, Juanes and Con-
over (1994) used a fixed starvation period of 48 h
and had a larger amount of variability (mean r2 =
54.5, range = 42.3-69.4) than we had in our study
(mean r2 = 76.8, range = 52.9-91.8). A second
potential source of variability in our study was the
effect of tank confinement or biomass density. Two
out of the four experiments we conducted on large
fish had the lowest r2 values of all 16 experiments.
Buckel et al. (1995) found that growth and con-
sumption rates of large bluefish were depressed in
small tanks compared to similar-sized fish held in
larger tanks. It is possible that the increased vari-
ability in the experiments with large fish is due to
stress of tank confinement.
Effects of Body Size, Temperature, and
Salinity

With increasing fish size, GER has been ob-
served to decrease (Hunt 1960; Smith et al. 1989;

Hayward and Bushmann 1994), increase (Swenson
and Smith 1973; Cochran and Adelman 1982), or
be unaffected (Elliott 1972; dos Santos and Jobling
1991). As Boisclair and Leggett (1991) and Brom-
ley (1994) point out, these contradictory results
are most likely due to differences in units and
methods. For example, relative GERs (g prey re-
maining • g"1 prey initial • h'1; /?/) in our experi-
ments with small and large bluefish at 21°C were
similar, 0.065 and 0.050, respectively (Figure 1A;
Table 2). However, the absolute GER (g prey • h- !)
for the small and large bluefish treatments were
very different: 0.030 and 0.167, respectively. Spe-
cial attention should be made to units when com-
paring different GER studies. He and Wurtsbaugh
(1993) analyzed the effects of predator size, prey
size, and temperature on exponential GER from
121 published GER estimates. Although temper-
ature and prey size had a significant effect on GER
in their empirical model, predator size did not.

For a fixed amount of food, dos Santos and Jo-
bling (1991) found that gastric evacuation time
(GET) in Atlantic cod Gadus morhua declined with
increasing fish size. However, these authors also
noted that when cod are fed meals of the same
relative size (100 X g prey/g predator), gastric
evacuation time is independent of body size. Our
experiments support this finding; GER and time to
90% evacuation were similar for small and large
age-0 bluefish when fed comparable ration sizes
(Figure 1). Juanes and Conover (1994) also found
no difference in GER between small, medium, and
large bluefish that were fed fish prey.

We did not test for meal size effects on GER.
In our experiments, bluefish were fed meals that
were similar in relative size to those observed for
bluefish in the field. In bluefish, full stomachs are
representative of a recently consumed meal, and
we assume that full stomachs represent meal sizes
of age-0 bluefish in the field. Of 459 age-0 bluefish
captured from July 17 to October 24, 1990, in the
Hudson River, 50 fish had stomachs which were
ranked as full (Hyslop 1980) based on our pre-
viously unpublished qualitative observations. The
mean gut fullness (100 X g prey/g predator) of
these bluefish was 6.90%. Mean meal size used in
our laboratory experiments was 5.57% (Table 1).

We found no effect of salinity on bluefish GER.
This finding is in agreement with recent work that
found no difference in bluefish growth or con-
sumption rate at salinities of 5%o and 25%o (Buckel
et al. 1995).
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Effects of Prey Type and Temperature
Differences in prey type can have a significant

effect on GER (Fange and Grove 1979; see Brom-
ley 1994 for review). Yellowfin tuna had similar
evacuation rates for three of four prey types; chub
mackerel Scomber japonicus was evacuated at a
significantly slower rate compared with surf smelt
Hypomesus pretiosus, California market squid Lo-
ligo opalescens, and the anchovy species, nehu Sto~
lephorus purpureus (Olson and Boggs 1986). Mac-
Donald et al. (1982) fed three prey types (clams,
worms, and amphipods) to four different fish spe-
cies (cod, ocean pout Macrozoarces americanus,
winter flounder Pleuronectes (=Pseudopleuronec-
tes) americanus, and American plaice Hippoglos-
soides platessoides)\ clams were evacuated at a
slower rate compared to worms and amphipods in
all four fish species. From these studies, it appears
that food types that are very different in mor-
phology, energy content, or both cause differences
in GER. The lack of prey type effect on bluefish
GER in our study may reflect the only slight energy
content differences in the types tested (Steimle and
Terranova 1985). However, Juanes and Conover
(1994) found no difference in age-0 bluefish GER
between fish (Atlantic silverside) and shrimp
(Crangon septemspinosa) meals.

Temperature Effects and Summary
Given that temperature was the only factor test-

ed to significantly influence bluefish GER, we used
regression analysis to develop a predictive equa-
tion for GER based on temperature alone. This was
done by fitting an exponential function to the GER
estimates from all 16 experiments (pooling across
bluefish sizes and prey types; Tables 1, 2). The
resulting equation, Re = 0.022e°-0877* (N = 16, P
< 0.001; T = temperature), had a r2 value of 0.643.
After removal of a single outlier at 30°C the re-
sulting equation (N = 15, r2 = 0.803; Figure 3),

Re = 0.015-*0-1037;

was highly significant (F = 39.642; df = 1, 13; P
< 0.001).

Based on the rule of "input equals output'* (see
Bromley 1994), rough estimates of consumption
rate of bluefish can be made by using absolute
GER. If we assume that bluefish are feeding con-
tinuously over the entire diel cycle, then, based on
the input-output rule, the 21°C small and large
bluefish treatments give daily feeding rates of 0.72
and 4.01 g/d (15.98% and 10.79% body weight/d),
respectively. These rates compare favorably to pre-
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lS 0.20-

0.15-

0.10

Re = 0.015 e
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0.103T

20 22 24 26 28 30 32

Temperature (°C)

FIGURE 3.—Predictive equation describing the effects
of temperature (°C) on exponential evacuation rate (Rff)
for age-0 bluefish fed age-0 striped bass, bay anchovy,
and age-0 Atlantic menhaden. The mean (±SE) of the
exponential evacuation rates for all treatments is plotted.

vious estimates of age-0 bluefish consumption
rates measured in the laboratory and field (Juanes
and Conover 1994; Buckel et al. 1995).

Juanes and Conover (1994) described age-0
bluefish as having a "tropical physiology in a tem-
perate environment" because of their rapid GER,
high consumption rates, and rapid growth rates.
We also found that age-0 bluefish have extremely
rapid GERs. Time to 90% evacuation ranged from
-5 h at 30°C to -10 h at 21°C. Therefore, age-0
bluefish are capable of feeding two to four times
a day. Gut fullness data from diel field collections
support this calculation. At different times of the
year juvenile bluefish appeared to feed either at
crepuscular time periods, continuously throughout
the day, or continuously over a 24-h time period
(Juanes and Conover 1994; Buckel and Conover,
unpublished data). Such flexibility in feeding
schedule allows bluefish to achieve very high daily
consumption rates and makes them a potentially
important predator in estuarine systems (Juanes
and Conover 1994; Buckel et al. 1995).
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