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The bluefish (Pamatornus saltatrix) is an offshore-spawning estuarine-dependent fish that is abundant 
along the east coast sf N ~ r t h  America. Young-ofthe-year bluefish undergo a habitat shift From offshore waters 
to inshore nursery areas at about 40-70 mrn total length which coincides with an increased growth rate 
and a diet shift from planktivory to piscivory. Here, we measure growth of young-of-the-year bluefish on 
different diets and estimate consumption rates both in the field and in the laboratory. Growth on a fish diet 
is significantly higher than that on a mooplanktivorous diet. Bluefish have among the highest evacuation 
(5-7 h), consumption (20-30'70 body weighvd), and specific growth rates (1-2 mm/d) reported for temperate 
fishes and are similar to those for pelagic tropical species. These results suggest that bluefish may exhibit 
a tropical feeding physiology in temperate estuarine nurseries as a way to achieve rapid growth rates. 

Le tassergal (Pornatornus saltatrix) est un poisson estuarien frayant au large qui est abondant le long de la 
c8te est de I'Amerique du Nord. Le jeune de Ifannee quitte son habitat au large pour gagner les viviers le 
long de la c8te lorsqu'il atteint environ 48-78 mm de longueur totale, ce qui coi'ncide avec une aug- 
mentation du taux de croissance et une modification du regime aiimentaire, de planctivore 2 piscivare. Ici, 
on mesure la croissance du jeune tassergal sur diffkrents regimes, et on evalue la conssmmation dans la 
nature et au laboratoire. La croissance sur un regime 3 base de psisson est sigsaificativernent plus rapide 
que sur un regime zosplanctivore. Les taux d'evacuation (5-7 h), de consommatisn (20-30?0 du poids 
corporel/d) et de croissance specifique (1-2 mrnld) du tassergal sont parmi les plus eleves des poissons vivant 
en eau temperee et sont semblables 2 ceux que I'on observe chez les espitces tropicales pelagiques. Ces 
resu ltats indiquent que le tassergal peut manifester un cornporternent al imentaire tropical dans des viviers 
estuariens ternperes de maniPre 3 croitre plus rapidement. 

Received May 5, 1993 
Accepted March 74, 7 994 
(J11912) 

he bluefish (Psrnafomus saltatrix) is a highly rnigra- 
tory species with a worldwide distribution (Le Gall 
1934: Briggs 1960; Champagnat 1983). Along the east 

coast of North America, bluefish appear to have two dis- 
tinct major spawning seasons and locations: a spring spawn- 
ing in the South Atlantic Bight and a summer spawning in 
the Middle Atlantic Bight (Norcross et al. 1974; Kendall 
and Walford 1979; Chiarella and Conover 19908). Spring- 
spawned fish are advected northwards along the edges of 
the Gulf Stream and move into estuaries of the Middle 
Atlantic Bight in May and June. Summer-spawned fish 
recruit to these same estuaries in mid- to late August (Nyman 
and Conover 1988; Shirna 1998; McBride and Conover 
1991). Young-of-the-yea (YOY) bluefish undergo the habitat 
shift from offshore waters to inshore nursery areas at about 
40-70 mm total length (TL) (Nyman and Conover 1988; 
McBride and Conover 199 B ; Juanes 1992). This habitat shift 
coincides with a diet shift from planktivory to piscivory 
(Marks and Conover 1993) and with an increase in growth 
rate (McBride and Conover 1991). These estuarine growth 
rates are unusually high for a temperate inshore fish 
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(1.2-1.8 mm/d, Nyman and Conover 1988; McBride and 
Conover 1991) and allow YOU bluefish to attain a larger 
size at age 1 than any other morphologically similar species 
in this area (Nyman and Consver 1988; Chiarella and 
Conover 1990). 

The primary goal of this study was to examine how the 
rapid growth of YOY bluefish is achieved. First, we asked 
whether bluefish may increase their growth rate as a con- 
sequence of the diet shift to piscivory. We tested this hypoth- 
esis by determining if growth on a fish diet is greater than 
growth on an invertebrate diet. Second, we explored the 
physiological bases for this rapid growth. The distribution of 
bluefish is generally restricted to waters warmer than 1S0C, 
suggesting that it is a warmwater species and may exhibit 
physiological traits more characteristic of tropical than tem- 
perate fishes (Le Gall 1934; van der Elst 1976). Tropical 
fishes are characterized by relatively high digestion and 
consumption rates (Fange and Grove 1979; Bandian and 
Vivekanandan 1 985; Pauly 1989). Hence, the rapid growth 
of YOY bluefish may be a consequence of high rates of 
feeding and digestion. We thus estimated consumption and 
gut evacuation rates in the laboratory and also assessed con- 
sumption rates in the field from diel variations in weight 
sf stomach contents on two dates during the summer. These 
estimates were then compared with published results for 
temperate and tropical species. 
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hfaterial and Meth~ds 

Die1 Diet and Gut Fullness 

Samples of YOY bluefish were collected on June 28-29 
and July 26-27, 1989. Collections were made every 4 h start- 
ing at 86308 with three hauls of two 30-m seine nets at two 
adjacent beaches in Great South Bay (GSB) near Islip, Long 
Island, N.Y. (40"10fN, 73"10fW). All bluefish collected 
were immediately frozen on dry ice. 

In the laboratory, bluefish were thawed, measured 
(21.0 mm TL), and weighed ( ~ 0 . 0 1  g wet weight). Gut con- 
tents were weighed (k0.01 g), measured (+I  .O mm TL), and 
identified to the lowest possible taxon. Gut fullnesses were 
calculated as the wet weight of the gut contents divided by 
the wet weight of the eviscerated bluefish. Mean lengths of 
bluefish captured at each time were compared using ANOVA 
after testing for normality (Kolmogorov-Srnirnov test) and 
homogeneity of variances (Bartlett's test). If treatment effects 
were significant, mean lengths were further compared using 
a Tukey HSD multiple comparison test. To assess whether 
feeding increased through the day, correlations between time 
of day and gut fullness for daylight hours were evaluated 
using a Pearson correlation coefficient. 

Sunrise and sunset occurred at about 0 5 ~ 3 0  and 20:30, 
respectively, on both sampling dates. The moon was in its last 
quarter on both dates, although the moonrise occurred later 
during the first sampling period (on June 29 at 01:30, and on 
July 26 at 23:57). Water temperatures were measured at 
both sites before each series of net hauls using a ther- 
mometer. Mean water temperature was significantly higher 
on July 26-27 (27.67 2 f .2 1 "C (SB)) than on June 28-29 
(25.83 9 8.82"C) (t = 0.075, df = 10, p = 0.0117). 

Evacuation Rates 

Three gut evacuation experiments were conducted using 
different-sized bluefish and the Atlantic silverside (Menide'w 
rnenidia) as prey. Small bluefish were used on September 11, 
1990 (mean bluefish TL = 74.20 mm, range = 57-96, mean 
weight = 3.207 g, n = 10; prey mean wet weight = 6.127 g; 
mean prey weightlpredator weight = 3.972%). Medium blue- 
fish were tested on August $, 1990 (mean TL = 133.83 mm, 
range = 121-143, mean wet weight = 19.85 g, n = 17; prey 
mean wet weight = 0.279 g; mean prey weightlpredator 
weight = 1.407%). Large bluefish were used on September 2, 
1988 (mean TL = 154.82 mm, range = 128-199, mean wet 
weight = 3 B .53 g, az = 1 B ; prey mean wet weight = 1.68 g; 
mean prey weightlpredator weight = 3.425%). Bluefish were 
placed in individual tanks 2 d before the experiment and 
deprived of food in order to standardize hunger levels. Indi- 
vidual bluefish were then fed one silverside of a predeter- 
mined size. Time of ingestion was noted. Bluefish were 
then chosen randomly at 30- or 60-min intervals. Their 
stomach contents were removed, measured, weighed, and 
expressed as percentage of prey weight remaining. A similar 
experiment using sand shrimp as prey (Crangsn segternspi- 
nssw, mean wet weight = 0.522 g, mean prey weightlpredator 
weight = 3.265%) was conducted on medium bluefish (mean 
TL = 125.8 m, range = 110-142, mean wet weight = 15.98, 
n = 10) on August 3, 1990. All these experiments were con- 
ducted at temperatures ranging from 21 to 22°C. 

Evacuation rates were estimated by computing regres- 
sions between percent prey remaining in the gut and time 

after ingestion using linear, exponential, and square root 
models. The relationship between percent prey remaining 
and time after ingestion for the three Atlantic silverside 
digestion experiments were compared using an ANCBVA 
after testing for homogeneity sf  slopes. 

Field Consumption Rates 

Daily rations are commonly measured as functions of gut 
evacuation rates determined in laboratory studies and die1 
variations of stomach contents of field-collected fish. Because 
none of the available models for estimating daily ration 
(Jobling 1986; Persson 1986; Adams and Breck 1990; 
Wootton 1990) appeared to be particularly applicable to 
a warmwater piscivore eating relatively small prey, we used 
the four most appropriate and widely used models: 

Eggers ( 1979) model: 

CA2, = 24'reeWh24 

Elliott and Persson (1978) model: 

Pennington (1985) model: 

Olson and Boggs (1986) model: 

where C,, is food consumption between sampling periods 
at time t and t - I ,  W, is average prey weight at time t, 
W, is the prey weight in an individual bluefish at time t, n is 
the number of bluefish, re is the exponential evacuation 
rate, r,., is the square root evacuation rate, A i  is the inte- 
gral of the evacuation function, Wi is the mean stomach 
contents per predator, 1 is the number of prey types, and ^r is 
the feeding rate (grams per hour). Daily meal is calculated 
by multiplying r̂ by 24 h, and daily ration is the daily meal 
expressed as a percent of body weight. The Eggers (8979) 
and Elliott and Persson (1978) models both assume expo- 
nential gastric evacuation. The Pennington (1985) model is 
usually used with a square root evacuation model, although 
this model can accommodate any form of the evacuation 
function. The Olson and Boggs (1986) model also does not 
require any specific form of the gastric evacuation func- 
tion, but has commonly been used with a linear evacuation 
rate. Because fish were collected over a 20-h period 
(06:OO-82:00), for those models that require 24-h sampling 
(Elliott and Persson and Pennington), we assumed the foB- 
lowing 06:00 gut fullness to be similar to the previous 06:OO 
gut fullness. 

Consumption, Growth and Gross Efficiency in the 
Laboratory 

A 20-d-long experiment was conducted in 1990 to estimate 
short-term growth rates, mean feeding rates, md gross growth 
efficiency on four natural diets. The experiments were con- 
ducted with four groups of three bluefish in separate tanks 
(75 X 75 X 30 cm). Each group was randomly selected to 
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JUNE 28-29 

FIG. I .  Diet description by weight of the June 28-29 and 
July 26-27 samples of YOY bluefish. "Crustaceans" category 
includes grass and sand shrimp (Paluernoneres vulgaris and 
Crangon septemspinosa, respectively), zoea, and unidentified 
shrimp remains. "Other fish" category includes rainwater killifish 
(Lucania pama), northern puffer (Sphoeroides maculaas), permit 
(Tmchinotu.~ falcateks), winter flounder (Pleuronectes americanus), 
unknown fish species, and unidentified fish remains. 

be fed one of four live diets: adult brine shrimp (Artgmia 
sp.), sand shrimp, and small (20-40 rnm TL) or medium 
(50-70 mm TL) Atlantic silverside. Fish were kept under a 
constant light regime (14 h light : 10 h dark) and tempera- 
ture (range = 20-23"C, mean = 21.45"G (SD = 1.13)). All 
bluefish were anaesthetized with MS-222, weighed, and 
measured before they were put into tanks. Individuals within 
each tank were marked by clipping small portions of the 
caudal fin. Members of each tank were selected to be as 
similarly sized (within 1-3 mm) as possible. All bluefish 
were starved for 24 h before being fed for the first time. 
Live shrimp and Atlantic silverside were added after mea- 
suring, weighing, and counting. Artemia were blotted dry 
before weighing. Enough food was added to exceed daily 
ration requirements (calculated in previous experiments). 
On each successive day, remaining shrimp and Atlantic sil- 
verside prey were counted, and enough additional prey indi- 
viduals were added to again exceed calculated daily rations. 
Bead prey were collected from the bottom of the tank, 

weighed, and subtracted from the previous day's consump- 
tion total. Tanks were checked daily for potential bluefish 
mortality. All bluefish survived the period s f  the experi- 
ment and prey were never totally consumed within any treat- 
ment. After 19 d, all prey were removed, and bluefish were 
starved for 24 h, before weighing and measuring. 

Daily specific growth rate ( G )  of each fish was calcu- 
lated as 

where Wtl = final wet or dry weight, Wt, = initial wet or 
dry (calculated from the wet weightidry weight regression, 
see below) weight, and d = number of feeding days (=18). 

Daily specific feeding rates were calculated by dividing the 
overall amount of food consumed within each tank by the 
average size s f  bluefish during the experiment in each tank 
(calculated as (In Wtf + In Wti)82). Feeding rates were 
expressed in terms s f  wet weight (grams per gram), dry 
weight (grams per gram), and energy (kilojoules per kils- 
joule, calculated from dry weights, see below). Gross growth 
efficiency (K)  was calculated as the total fish weight gain 
per prey weight consumed. The mean daily number of prey 
consumed per tank was calculated from daily counts of 
remaining Atlantic silverside and shrimp. Daily numbers of 
Artemia ingested were calculated as the total consumption 
divided by the average weight of an individual. 

Mean daily specific growth rates, feeding rates, growth 
efficiencies, and numbers of prey items consumed (three 
tanks or replicates per diet treatment) were compared among 
diet treatments using ANOVA after testing for normality 
(Kolmogorov-Smirnov test) and homogeneity of variances 
(Bartlett's test). If treatment effects were significant, means 
were further compared using a Tukey HSD multiple com- 
parison test. 

A range of Atlantic silverside, shrimp, and bluefish sizes 
were dried in an oven (at 60°C) until a constant weight was 
achieved (usually 24 h). The regressions relating wet weight 
(WW, grams) to TL (rnillimetres) and dry weight (DW, 
grams) to wet weight were as follows: 

Bluefish: 

Shrimp: 

Atlantic silverside: 

Five l -g  samples of Arternka were also dried for 24 h to 
obtain a dry weight to wet weight conversion: 

B g WW = 0.065 & 0.0007 (SB) g DW, n = 5. 

In addition, four sets of 50, 40, 30, and 20 individuals were 
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dried to obtain the average dry weight of an individual 
Arternka (=0.00338 & 0.000162 (SE) g ). 

Estimates of the caloric value of Atlantic silverside 
(21.2 kJ/g dry weight), sand shrimp (16.2 kJ1g dry weight), 
and bluefish (20.8 kJ1g dry weight) were obtained from 
Steimle and Terranova (1985). The caloric content of Artesnia 
(24.5 Ulg dry weight) was obtained from Leger et al. (1986). 

Results 

Diet and Gut Fullness 

A total of 256 YOY bluefish were collected during the 
two sampling periods. Because both of the collection dates 
took place before any summer-spawned bluefish appeared 
(Juanes 1992), only spring-spawned bluefish were sampled. 
On both dates, bluefish diets consisted mainly of fish (86.3% 
on June 28-29 and 73.0% on July 26-27) although com- 
posed sf different prey species (Fig. 1). The first die1 sample 
occurred early in the estuarine phase, when bluefish were 
still relatively small (mean bluefish TL = 98.06 mm, mean 
wet weight = 9.357 g, Fig. 2) and when their diet was dom- 
inated by Atlantic silverside (73.04% by weight, Fig. I ) .  
The percentage of fish by weight in the diet remained fairly 
constant through the sampling period and the crustacean 
part of the diet was composed mainly of crab zoea (see 
Juanes 1992). On July 26-27, bluefish were significantly 
larger (mean TL = 135.45 mm, mean wet weight = 26.08 g; 
t = 7.450, df = 86, p < O . O O l ) ,  having grown about 
1.37 mmld (and 0.62 gld) between sampling dates. On this 
second sampling date, the diet was composed mainly of bay 
anchovy (Anchsa rnitchilli) (34%), shrimp (2 1 %), and 
Atlantic silverside (14%) (Fig. I). The percentage of fish 
by weight in the diet was fairly constant throughout the 
sampling period except for the 10:00 sample when 85% of 
the diet was composed of the two species of shrimp (Juanes 
1992). Although bluefish were significantly larger on July 
26-27, mean teleost prey size was similar on both dates 
(June 28-29: mean prey TE = 28.17 k 1.91 (SE) mm, n = 35; 
July 26-27: mean prey TE = 30.06 + 1.74, n = 53; 
t = 0.7 li 39, df = 86, p = 0.477). 

On June 28-29, gut fullness increased through the day. 
peaked at 18:00, and then decreased through the night 
(Fig. 2). This pattern was mirrored by the percentage of 
empty guts at each time period: low during the day ( ~ 2 0 % )  
and higher at night ( ~ 6 0 % ) .  There was a positive signifi- 
cant correlation between fullness and time of day for daylight 
hours (P' = 0.184, p - 0.044), and similarly sized bluefish 
were collected at each time period (ANOVA p = 0.166). 
Gut fullness also increased during the daylight hours on 
July 26-27 ( r  = 0.365, p = 0.002). However, a second peak 
was observed at the 02:00 sample (Fig. 2). On this date, 
the percentage of empty guts was generally lower (=10%) 
throughout the day. In addition, the two night samples (22:00 
and 02~00) were composed of significantly larger bluefish 
than those collected during the daylight hours (ANOVA 
p = 0.007, followed by a Tukey HSD multiple comparison; 
Fig. 2). 

Evacuation Rates 

Evacuation rates of YBY bluefish were uniformly high. 
Time to 90% digestion of prey for the three bluefish body 
sizes varied from 5.5 to 7 h. Both the slopes and the ele- 

P - - - - d  
, 

U) , .- .\ 
.c- . , 
Q) 

m ,  

9 120 - 'v' 
m 
ez 
(B - June 28-20 g 100 

C a-- July 26-27 

Time sf day 

FIG. 2. (A and B) Biel gut fullness patterns and (C) mean blue- 
fish sizes collected during June 28-29 and July 26-27, 1989. 
Dark bands represent periods of darkness. Numbers above points 
are sample sizes. 

vations of the regressions between percent prey remaining m d  
time after ingestion for the three Menidia digestion experi- 
ments were statistically indistinguishable (slopes: F = 0.454, 
df = 34, p > 0.85; intercepts: F = 2.344, df = 36, p > 0.05; 
Fig. 3). The data for these three experiments were thus com- 
bined for further analyses. These combined data were then 
used to calculate the three types of evacuation rates, Binear, 
exponential, and square root: 

Linear: 

Square root: 

Exponential: 
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0 
0 1 2 3 4 5 6 7 8 

Time Qh) 

FIG. 3. Relationships between percent prey remaining and time 
for YOY bluefish feeding on Atlantic silverside. (A) Septem- 
ber 11, 1990: mean bluefish TL = 74.20 rnm, range = 57-96, 
mean weight = 3.207 g, n = 10; prey mean wet weight = 0.127 g; 
prey weightlpredator weight = 3.972%; (B) August 6 ,  1990: 
mean TL = 133.83 mm, range = 121-143, mean wet 
weight = 19.85 g, n = 17; prey mean wet weight = 0.279 g; prey 
weightlpredator weight = 1.407%; ( C )  September 2, 1988: mean 
TL = 154.82 mm, range = 128-199, mean wet weight = 3 1.53 g, 
aa = B 1; prey mean wet weight = 1.08 g; prey weightlpredator 
weight = 3.425%. 

The resulting (linear) regression equation for the shrimp 
digestion was (Fig. 4) 

%rem = 98.157-1H.921t9 3 = 0.606, p = 0.008, n = 10. 

When Atlantic silverside and shrimp linear evacuation rates 
were compared, their slopes were statistically indistin- 
guishable (t = 0.6149, df = 45, p < 0.05). 

Field Consumption Rates 

The evacuation rate parameters were then incorporated 
into the four models for estimating daily ration in the field 
(i.e., linear, Olson and Boggs; square root, Pennington; 

Time Qh) 
FIG. 4. Relationship between percent prey remaining and time 
for YOY bluefish feeding on sand S ~ H ~ ~ B I P .  The experiment was 
conducted on August 3, 1990 (mean bluefish TL = 125.8 mm, 
range = 110-842, mean bluefish wet weight = 15.98, n = 10, 
mean prey wet weight = 8.522 g,  prey weightlpredator 
weight = 3.265%). 

TABLE 1. Daily ration estimates (% body weightld) 
from field-collected bluefish on two dates in 1989, 
using four consumpticm models. 

Model June 28-29 July 24-27 

Eggers 16.78 24.40 
Elliott and Persson 14.78 24.40 
Penningtsn 32.88 28.81 
Olson and Boggs 22.69 32.93 

Mean TL (mm) 98.85 135.45 

exponential, Eggers and Elliott and Persson). The four mod- 
els generated similar estimates of consumption: daily meal 
ranged from 1.57-3.07 g (16.78-32.88% body weight) on 
June 28-29 to 6.36-8.55 g (24.40-32.7396 body weight) 
on July 26-27 (Table 1). The Olson and Boggs model incor- 
porates prey-specific evacuation rates. When consumption was 
calculated using both shrimp and fish evacuation rates and 
incorporated the different amounts of these items consumed 
on the respective dates, the results were very similar to 
those obtained using only fish evacuation rates (June 28-29: 
21.29%, July 26-27: 29.35%). The reasons for this consis- 
tency are likely to be the similar evacuation rates and the pro- 
portionally low amounts sf  shrimp consumed. 

Growth, Consumption, and Gross Efficiency in 
Laboratory Experiments 

ANBVAs performed on specific growth rates calculated 
from wet weight and dry weight detected a significant effect 
of diet (wet weight: p = 0.827, df = 3 3 ,  F = 5.235; dry 
weight: p = 0.828, df = 3,8, F = 5.206). The general pat- 
tern was for growth to be highest on the fish diets, inter- 
mediate on the shrimp diet, and lowest on Artenala (Fig. 5; 
Table 2). Tukey HSD multiple comparisons revealed sig- 
nificantly higher growth on the fish diets than on the Arternia 
diet but no significant differences in growth between shrimp 
and fish or among the two fish size classes. When exam- 
ining absolute growth in length during the experiment, sim- 
ilar results were obtained, with the addition that the shrimp 
diet also produced significantly higher growth than the 
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Artemia diet ( p  < 8.001, df = 3,8, F = 1'7.846). However, 
growth was relatively high on all diets, ranging from 
1.2 mmid on Artemia to 2.0 mmid on Menidia of medium 
size. 

ANOVAs performed on the daily specific feeding rates 
(i.e., consumption) indicated a significant treatment effect (wet 
weight: p < 0.001, df = 3,8, F = 29.266; dry weights: 
p = 0.007, df = 3,8, F = 8.446; energy: p = 0.001, df = 3,8, 
F = 14.477). Highest feeding rates were on Arternia, followed 
by small Atlantic silverside, medium Atlantic silverside, 
and shrimp (Fig. 5; Table 2). Multiple comparison tests 
performed on dry weight consumption indicated highest 
feeding rates on small Atlantic silverside and Artemia diets, 
intermediate rates on medium Menidia, and lowest on shrimp 
(significantly different from both Arternta ( p  = 0.011) and 
small AtBantic silverside feeding rates ( p  = 0.015). 

Gross growth efficiencies were also dependent on diet 
(wet weight: p < 0.001, df = 3,8, F = $5.063; dry weight: 
p < 0.001, df = 3,8, F =  40.085; energy:p < 0.001. df = 3,8, 
F = 59.888). Comparisons of means (based on dry weight) 
showed highest efficiencies on shrimp and medium Ment- 
dia, Bower efficiencies on small Menidka (significantly dif- 
ferent from d l  ather diets), and lowest effnciencies on Artemia 
(significantly different from all other diets) (Fig. 5; Table 2). 

The mean number of daily prey consumed per individ- 
ual also depended on diet ( p  < 0.001, df = 3,8, F = 317.778). 
An individual bluefish consumed an average of 142.4) 7.7 
(SE) Arternia, 4.9 2 0.3 shrimp, '7.7 & 0.6 small Atlantic 
silversides, or 2.6 2 0.3 medium Atlantic silversides per 
day. Comparison of these means revealed that only the num- 
ber of Artemia consumed was significantly different from 
the numbers of other prey ingested ( p  < 0.0001). If Arternia 
consumption was excluded, the ANOVA was still signifi- 
cant ( p  < 0.001, df = 2,6, F = 42.258) and all means were 
significantly different from each other (all p < 0.016). 

Die1 Diet and Gut Fullness 

YOY bluefish diets generally reflect prey relative abun- 
dances and prey-size availability (Juanes 1992; Juanes et al. 
1993). In this study, the diet was predominantly piscivo- 
rous and was dominated by Atlantic silverside in the first 
sample and by bay anchovy and other fishes in the second 
sample (Fig. I). 

Feeding by YOY bluefish was continuous, but tended to 
be lowest just after sunrise and peaked in late afternoon. 
On July 26-29, a second peak was observed at 02:00. How- 
ever, this sample contained significantly larger fish than 
those collected during daylight hours (Fig. 2). In addition, 
because the moon rose earlier on this second sampling date, 
there may have been sufficient light for visual foraging. 
Although bluefish are considered visual predators (Marks 
and Conover 1993), with activity peaking during daylight 
hours (Olla and Studholme 1972, 1978), laboratory experi- 
ments have shown that they are able to feed in complete 
darkness (E Juanes, unpublished data). 

Evacuation Rates and Field Consumption Estimates 

YOY bluefish evacuate food from their stomachs faster 
than most other piscivorous fishes studied (Magnuson 1969; 
Windell 19'78; Fange and Grove 1979). Only yellowfin 

- .- 
'0 
Q) 10 
Q) 
~b A r t e m i a  Crangon Small Mm Medium Mm 

- 
Q) 
e 3 
U) 

A r t e m i a  Crarsgsn Small Mm Medium Mm 

A r t e m i a  Crangon Small Mrn Medium Mm 

D ie t  
FIG. 5. Mean (A) feeding rate, (B) specific growth rate, and 
(C) gross growth efficiency s f  YQY bluefish fed on four live 
diets for 18 d. Each point represents the mean of three repli- 
cates. Ca%culations were based on dry weights. Each replicate 
was composed of three bluefish. Error bars are standard errors. 
Diets were Arbernda adults, sand shrimp (Crangon septemspinssa), 
small M. menidia (Mm) (20-40 mm TE), and medium Mm 
(50-70 mm TL). 

(Thunnus tkynnus) and skipjack tuna (Katsuwonus pelamis) 
(Magnusoar 1969; Olson and Boggs 1986) and juvenile pis- 
civorous coho salmon (Oncorhynchus kisutch) (Wuggerone 
1989) have been shown to have compaable evacuation times 
(ranging from 10 to 12 h). Similarly, the daily consump- 
tion of YOY bluefish on fish diets appears to be larger than 
that estimated for other piscivorous fishes (usually <5% body 
weighdd). The only comparable rates are for juvenile sable- 
fish (Anopkspoma firnbria), an open-water epipelagic species 
that consumes about 30% wet body weightid (Shenker and 
OlHa 1986), juvenile blue marlin (Makaira nigricans) 
(30-4596, Gorbunova and Lippskaya 1995), and skipjack 
tuna (28-3596, Kitchell et al. 1978). Bluefish consumption 
estimates lie in the middle of the range outlined for tropical 
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TABLE 2. Results of laboratory growth experiments. F, feeding rate (%body weight or energy 
contentld); G, specific growth rate (Id); E, gross growth efficiency (%); n, number of individuals 
consumed per day; BTL, bluefish size (mm) at the end of the experiment. Mm, Menkdia rnetaidia. 
WWT, DW'F, kJ, and Tk refer to measurements made using wet weights, dry weights, kilojoules, 
and total lengths (absolute values), respectively. See text for measurement fsrmu%as. 
- -  - - 

Diet 

Arternda Crangon Small Mpn Medium Mm 

Method Mean SE Mean SE Mean SE Mean SE 

F WWT 
DWT 
kJ 

G WWT 
DWT 
TL 

E WWT 
DWT 
kJ 

fishes (Pandian and Vivekanandan 1985). The combination 
of relatively high evacuation and feeding rates might be 
expected, since interspecific comparisons reveal an expo- 
nential relationship between gastric evacuation rate and 
feeding rate (Pandian and Vivekanandan 1985). 

The evacuation rates and consumption rates calculated 
here are likely to be underestimates, since the experiments 
were conducted at lower temperatures than those regularly 
measured in GSB and temperature is known to consistently 
increase evacuation rates and thus daily ration estimates 
(Windell 1978; Persson 1982). However, evacuation rates 
obtained in the laboratory can also be affected by other fac- 
tors such as stress and enforced starvation periods (Swenson 
and Smith 1973; Windell 1978; Talbot 1985). 

Linear, exponentid, and square root forms of the evacua- 
tion model provided similar fits to the data collected in this 
study. These preliminary results also indicate little effect 
of predator size or prey type on gastric evacuation rates. 
More rigorous experiments using shorter intervals 
(15 or 30 min), more replicates, and varying meal sizes 
might resolve the best form of the evacuation curve with 
which to describe warmwater, continuously feeding predators 
such as bluefish. The rapid evacuation times exhibited by 
bluefish precluded the use of Diana's (1979) cold-water pis- 
eivore model because it assumes digestion periods of days. 
In addition, because bluefish feed fairly continkzously during 
the day and the original sizes of prey could not always be 
reconstructed, the Adams et al. (1982) model for warm- 
water piscivores could not be applied. 

(Oncop-hynchus nerka) fry. He found that the Eggers and 
the Elliott and Bersson models resulted in very similar esti- 
mates of food consumpticen whereas the Pennington model 
tended to estimate slightly lower daily rations. Boisclair 
and Leggett (1988), after a series of ten 24-h samplings of 
yellow perch (Pexn fiavescens), found that the daily ration 
estimates derived from both the Eggers and the Elliott and 
Persson models did not differ significantly. This consistency 
occurred despite the lack of continuous feeding or equal 
gut fullnesses at the beginning and end of a 24-h sampling 
period. The authors concluded that the Eggers model is 
robust and can be applied to species that feed throughout 
the day on a range of food types, exhibit feeding peaks, 
and do not have rigid feeding periodicities. Hayward (1991) 
has recently shown that the estimates derived from these 
models (also on yellow perch) tend to vary as the sampling 
intervals become longer than 6 h. Although the various con- 
sumption models provided similar estimates, the results of this 
study cannot assess the appropriateness of a particular model, 
since various assumptions (such as continuous feeding, full 
24-h samples, equal amounts of food in the gut at the begin- 
ning and end of the cycle) may have been violated. 

Field estimates were generally lower than estimates derived 
from laboratory experiments (for the fish diets), although 
it is difficult to compare the results directly, since bluefish 
sizes differed (Tables 1 and 2). However, laboratory bluefish 
sizes overlapped with those from both field samples. Sizes 
at the beginning of the experiment were similar to those 
measured on June 28-29 whereas sizes at the end of the 
experiment resembled those of the second diel sampling 
(the experiment was conducted during the first 3 wk of July 
1990). Moreover, results of the laboratory evacuation experi- 
ments showed no differences between bluefish sizes. Field 
values are likely to be underestimated because the temper- 
atures during both diel samplings were higher than the 
average temperature during either the growth experiment 
or the evacuation trials. Other studies have also found field 
estimates to be lower than laboratory daily consumption 
estimates (Mann 1978; Worobec 1984; Canins et al. 1991). 

Consumption Comparisons 

The consumption estimates from field-collected bluefish 
are similar irrespective of the model used (Table 1). The 
only exception is the estimate from the Bemington model for 
the smaller fish (June 28-29 sample). A similar result was 
obtained by Wuggerone (1989) when comparing daily ration 
estimates based on linear, exponential, and square root evac- 
uation models for juvenile coho salmon fed sockeye salmon 

Can. S. Fish, Aquat. Sci., VoE. 51, 1994 

C
an

. J
. F

is
h.

 A
qu

at
. S

ci
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
D

ep
os

ito
ry

 S
er

vi
ce

s 
Pr

og
ra

m
 o

n 
02

/2
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



Growth 

Results of the laboratory growth experiments showed 
a significant effect of food type. Growth was highest on the 
fish diets, intermediate (although not significantly different 
from the fish diets) on shrimp, md lowest on Artemia (Fig. 5;  
Table 2). Thus, as predicted, growth on a fish diet was sig- 
nificantly higher than growth on a zooplanktivorous diet. 
Potential reasons for this growth rate difference are the 
increased foraging costs of feeding on Artemka! (see below) 
and the higher dry to wet weight ratio of fish (0.259) and 
shrimp (0.231) prey as compared with Artemia (0.065) 
(Shenker and Olla 1986). Similar results were obtained by 
Martin (1966) when examining growth of planktivorous and 
piscivorous lake trout (Salvelinles mmaycush). Those fish fed 
on a fish diet attained maximum weights at least 2.5 times 
higher than those that remained planktivorous. 

Most studies of fish consumption have found a positive 
relationship between growth rate and feeding rate (often 
described as a negatively accelerated curve, Brett and Groves 
1979; Wootton 2990). Recent evidence has suggested that 
this may not always be true. Boisclair and Leggett (1989a, 
1989k1, 1989c, 1989d), in a series of papers, showed a lack 
of correlation between field estimates of food consumption 
and relative growth rates of age 2 and '3 yellow perch across 
12 lake populations. They suggested that differential activity 
costs rather than feeding rate led to the interpopulation 
growth differences (Boisclair and Leggett 1989d, 1998, 
1991). In our study, feeding and growth rates were highest 
on fish diets (Fig. 5). However, the opposite pattern was 
found for fish fed on Artemia: high feeding rates but low 
growth rates (despite the similar caloric values of fish and 
Artemia). This result is likely due to the extreme differ- 
ences between the average number of prey constituting the 
daily ration of each diet. Hence, Arternia-fed fish would 
incur increased foraging costs due to the increased number 
of feeding bouts resulting in lower growth (Mann 1978). 

Despite the observed differences in growth, all the esti- 
mated growth rates were as high (Artemia) or higher (shrimp 
and fish) than that observed in the field (McBride and 
Conover 1991). Generally, laboratory-derived growth rates 
tend to be higher than those estimated from field collec- 
tions because fish in the laboratory will feed at higher rates 
if given food ad libitum and tend to exhibit reduced activity 
levels from being confined to small spaces resulting in lower 
energy expenditures (Kerr 19'7 1 b; Mann 1978; Brett 19'79; 
Brett and Groves 1979; Ricker 1979; Hawkins et al. 1985; 
Bobling 1985; Werner 1986). The growth rates of bluefish fed 
on fish diets observed in this study (1.8-2.0 mm/d) also 
rank among the highest measured for juvenile fishes (Shenker 
and 81la 1986; B'Amours et al. 1998; Szedlmayer et al. 
1992). 

Growth Efficiency 

Gross growth efficiency is the ratio of growth to con- 
sumption. The results of this study show the highest 
efficiences on a shrimp diet, intermediate on fish diets, and 
lowest on Artemia (Fig. 5; Table 2). A11 of the observed 
efficiencies based on dry weight (10-30%) lie in the range 
of those obtained for other juvenile marine fishes (Brett 
and Groves 1979; Lme et al. 1979; Smith et al. 1986; Malloy 
and Targett 1991). The comparatively low efficiencies of 
fish and Artemia diets as compared with the shrimp diet 

may be a function of the well-described relationship between 
conversion efficiency and ration in fishes (Baloheimo and 
Bickie 1966; Kerr 1971a, 1971b; Brett and Groves 1979). 
This relationship produces a humped curve in which highest 
efficiencies are obtained at intermediate ration levels 
("optimum rations"), while increased rations lead to reduced 
efficiencies (the "&linew). Such a relationship suggests that 
bluefish were consuming near-optimal rations of shrimp but 
maximum rations of fish and Artemia resulting in lower 
growth efficiencies. 

In conclusion, YOY bluefish show relatively high evac- 
uation rates, feeding rates, and specific growth rates that 
are as high as those for pelagic warmwater fish species. 
These high rates, combined with more rapid growth after 
the shift from a zooplankton to a fish diet, explain how 
'1'8'1' bluefish, by pursuing a tropical life-style in a tem- 
perate environment, can achieve higher growth rates and 
hence much greater sizes at age 1 than any other morpho- 
logically similar species in this region (Nyman and Conover 
1988; Chiarella and Conover 1990; McBride and Conover 
1991). This life-style may also have other ecological impli- 
cations, including potentially strong effects on prey popu- 
lations, particularly if predation mortality is an important 
determinant of recruitment success (see Juanes et al. 1993 for 
an example in the Hudson River estuary). 
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