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The bluefish, Pomatomus saltatrix,
has long been regarded as one of the
most voracious piscivores of the
western North Atlantic. In 1873 the
U.S. Commissioner of Fisheries, S.
F. Baird, stated in a report to con-
gress that: “. . .  I am quite inclined
to assign to the bluefish the very
first position among the most inju-
rious influences that have affected
the supply of fishes . . . a daily loss
of 25 hundred million pounds . . .
their trail is marked by fragments
of fish and the stain of blood . . .”
(Baird, 1873). Baird was concerned
with the possibility that the high
abundance of bluefish during that
period was the cause of concomitant
declines in fish landings.

Bluefish abundance along the
U.S. Atlantic coast has been known
to fluctuate dramatically over the
past two centuries (Bigelow and
Schroeder, 1953). The impact of
variations in bluefish abundance on

Mutual prey of fish and humans:
a comparison of biomass consumed by
bluefish, Pomatomus saltatrix, with
that harvested by fisheries*

Jeffrey A. Buckel
Marine Sciences Research Center
State University of New York
Stony Brook, New York 11794-5000
Present address: James J. Howard Marine Sciences Laboratory

National Marine Fisheries Service, NOAA
74 Magruder Road
Highlands, New Jersey 07732

E-mail address: jbuckel@sh.nmfs.gov

Michael J. Fogarty
Northeast Fisheries Science Center
National Marine Fisheries Service, NOAA
Woods Hole, Massachusetts 02543

David O. Conover
Marine Sciences Research Center
State University of New York
Stony Brook, New York 11794-5000

Manuscript accepted 11 January 1999.
Fish. Bull. 97:776–785 (1999).

* Contribution 1136 of the Marine Sciences
Research Center, State University of New
York, Stony Brook, New York 11794.

their principal prey as well as on the
community structure of the conti-
nental shelf as a whole may be sub-
stantial (Clepper, 1979; Kerfoot and
Sih, 1987). If the major prey of blue-
fish are also harvested by humans,
then the potential fishery landings
of such species may be influenced
strongly by bluefish abundance.
Moreover, species management
through adjustment of the fishing
effort will likely be ineffective if the
amount of prey consumed by a key
natural predator is substantially
larger than the landings and ig-
nored as a variable component of
natural mortality.

In this study, we estimate the to-
tal prey biomass consumed annu-
ally by a given biomass of bluefish
using a model developed by Pauly

Abstract.–The bluefish, Pomatomus
saltatrix, has long been considered a
key predator on U.S. east coast fish
species. Many of its prey species are
also landed by humans, but no compari-
son of prey biomass harvested by blue-
fish versus fishermen has been at-
tempted previously. We used data on
growth, mortality, gross growth effi-
ciency, and abundance to model the to-
tal prey consumption rate by bluefish
at the population level. This estimate
and previously published information
on diet were used to calculate the bio-
mass of individual resource species
“harvested” by bluefish. The prey bio-
mass consumed by bluefish annually
along the U.S. Atlantic coast is equal
to eight times the biomass of the blue-
fish population. Bluefish consume a
much higher biomass of squid and but-
terfish than is currently harvested by
commercial fisheries for these species.
Bluefish consumption of Atlantic men-
haden, however, was below the current
fisheries landings for this species. For
resource species that are shared with
bluefish, our findings highlight the
need for multi-species assessment and
management.
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(1986). Previously published data on diet and recent
estimates of bluefish population size along the U.S.
Atlantic coast were used to determine the “harvest”
of prey by bluefish. We then compared “harvesting”
of prey by bluefish to the biomass harvested by the
fishery for the east coast as a whole. Prey consump-
tion by age class was calculated to determine at which
age the largest impact on prey occurs. We present
these analyses not as management tools but merely
as gross estimates of the probable magnitude of the
bluefish harvest of fishery species so as to stimulate
more detailed studies.

Methods

Estimates of population consumption rate

The total U.S. east coast bluefish population con-
sumption of a given prey was calculated from esti-
mates of diet, the biomass of the bluefish popula-
tion, and food consumption rate. Bluefish diet infor-
mation was available from the literature for various
seasons and regions along the east coast (Lassiter,
1962; Richards, 1976; Buckel et al., 1999a; Morris1;
Naughton and Saloman2). Bluefish biomass esti-
mates were available for 1982 to 1995 from a virtual
population analysis (VPA) performed by the North-
east Fisheries Science Center, National Marine Fish-
eries Service, Woods Hole, MA (NEFSC3). However,
estimates of bluefish consumption rate were avail-
able only for young-of-the-year (YOY) (Juanes and
Conover, 1994; Buckel et al., 1995; Buckel and
Conover, 1997) or for age-0 to age-2 bluefish in Chesa-
peake Bay (Hartman and Brandt, 1995a). For this
reason, we used the approach described below.

The quantity of food consumed annually by the
bluefish population was estimated by using Pauly’s
(1986) age-structured consumption rate model. The
model is based on a growth function (e.g. von
Bertalanffy growth function, VBGF), the instanta-
neous total mortality rate (Z), and the relationship
of gross growth efficiency to weight. Pauly’s (1986)
model in simplified form is

1 Morris, T. L. 1984. Food of bluefish. Woods Hole Ref. Doc.
84-22, 13 p. [Available from Woods Hole Laboratory, North-
east Fisheries Science Center, Natl. Mar. Fish. Serv., NOAA,
Woods Hole, MA 02543.]

2 Naughton, S. P., and C. H. Saloman. 1984. Food of bluefish
(Pomatomus saltatrix) from the U.S. south Atlantic and Gulf of
Mexico. U.S. Dep. Commer., NOAA Tech. Memo. NMFS-SEFC-
150, 37 p.

3 NEFSC (Northeast Fisheries Science Center). 1997. Report
of the 23rd Northeast Regional Stock Assessment Workshop
(23rd SAW) Stock Assessment Review Committee (SARC) con-
sensus summary of assessments. Northeast Fisheries Sci.
Cent. Ref. Doc. 97-05, 105 p.
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where Q/B is the food consumption per unit popula-
tion biomass (see descriptions in Pauly (1986), Pauly
and Palomares (1987), and Palomares and Pauly
(1989)). The numerator of the model represents the
food consumption of the population (Q), which is de-
termined from the growth increment (dw/dt), num-
bers of fish at age t (Nt, determined from an initial
arbitrary number of recruits), and the growth effi-
ciency (K1) for a given weight at age t. Values are
integrated over age classes from tr to tmax (age at re-
cruitment to a maximum age). The denominator is
the biomass term (B) which is the weight of individual
fish at age t (Wt) multiplied by the number of fish
(Nt) at age t. This value is integrated over all cohorts
from tr to tmax. An annual Q/B estimate represents
the number of times the population consumes its own
weight per year (Pauly, 1986).

Pauly and Palomares (1987) have provided a BA-
SIC program to calculate Q/B from VBGF param-
eters, a parameter from the relationship describing
K1 as a function of weight, and an estimate of total
mortality (Z). Growth for the Q/B model is based on
the VBGF model expressed in weight form:

W W et
k t t b

= × −[ ]∞
− × −1 0( ) ,

where t = time in years;
Wt = weight of bluefish at age t;
W∞ = asymptotic weight;
k = growth coefficient;
t0 = age at weight zero; and
b = exponent of the length-weight relation-

ship (i.e. W=aLb).

For bluefish, Wilk’s (1977) VBGF parameters were
used where k = 0.226, t0 = –0.123, W∞ = 8725g, and b =
3 (Wilk’s estimate of b was 2.89 but b = 3 was used
owing to ease of use in Pauly’s (1986) model).

The Q/B model assumes that gross growth effi-
ciency (K1) data depends on weight (W) according to

K1 = 1 – (W/W∞)β
.

To estimate β for use in the calculation of Q/B, blue-
fish gross growth efficiency and weight data from
experiments on YOY fish described in Buckel et al.
(1995) were used. The linearized form of the above
model described in Pauly (1986) was fitted to the data
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to estimate β (β =–0.0445, r2=0.64, F=45.44, df=1,25,
P<0.0001).

The current stock assessment of bluefish assumes
a natural mortality of M=0.25. The highest fishing
mortality (F) measured on the east coast bluefish
population was in 1992 at 0.51 and recent estimates
of F are around 0.4–0.5 (NEFSC3). Therefore, an es-
timate of M + F=0.75 was used as a total mortality
(Z) input into the Pauly (1986) model to estimate Q/B.
The value of Z does not affect the estimate of Q/B
dramatically because of its presence in both the nu-
merator and denominator of the equation (see above).
Annual consumption (Q/B) was estimated for blue-
fish from age-0 to age-10.

To determine if our estimate was robust, Hartman
and Brandt’s (1995a) equation (Cmax = 0.520 × W–0.288)
describing laboratory (20–25°C) estimates of maxi-
mum consumption rate (Cmax , g/(g . d)) as a function
of bluefish weight (W, g) was also used to calculate
the population consumption for 1995. First, bluefish
biomass by age class was calculated by multiplying
bluefish numbers at age (NEFSC3) by the mean blue-
fish weight at age (Wt calculated from Wilk’s (1977)
VBGF function and length:weight conversion equa-
tion; Wage 0 was estimated at t=0.5). Second, the maxi-
mum consumption rate was calculated for a mean
bluefish weight at age from the relationship between
Cmax and bluefish weight provided by Hartman and
Brandt (1995a). To do so, we extrapolated out beyond
the range of fish sizes used in their laboratory ex-
periment, assuming that values obtained in this way
were accurate. Lastly, these age-specific consump-
tion rates were then multiplied by the biomass of
each age class. Summing across age classes provided
us with a maximum biomass of prey consumed by
the bluefish population at 20–25°C; this value was
divided by the biomass of the population to obtain a
daily Q/B value. To calculate an annual Q/B value,
the daily Q/B value was multiplied by 365 days.
Additionally, this Q/B value was temperature ad-
justed from 22.5°C to 17.5°C. This was done by mul-
tiplying by the ratio of bluefish consumption rate
estimated at 17.5°C (average temperature for coastal
bluefish [Munch, 1997]) to consumption rate esti-
mated at 22.5°C (temperature of Hartman and
Brandt’s [1995a] study). This ratio was estimated
from both Buckel et al. (1995) and Hartman and
Brandt (1995a) data and in both cases was found to
be ~0.60.

Impact by age class

From the above analysis, the age class where total
biomass consumption peaks can be determined. This
calculation was first made for a simulated bluefish

population having constant recruitment (N=1 × 107)
and total mortality (Z=0.75, see above). However,
bluefish exhibit highly variable recruitment across
years. To illustrate the impact of variable age struc-
ture, we also calculated biomass consumed by age
class on the basis of actual abundances in 1984 (a
year when preceding recruitments had been fairly
constant and age structure was typical) and in 1995
(a year when preceding recruitments were highly
variable and age structure was unstable).

Comparison of biomass consumed by bluefish with
that harvested by fisheries

The estimate of the annual amount of prey consumed
by the western Atlantic bluefish population is the
annual Q/B estimate (described above) multiplied
by stock biomass. The prey consumption for three
different population biomass sizes was estimated
based on VPA estimates; these were the minimum,
maximum, and average population sizes from 1982
to 1995 (NEFSC3). The total annual consumption at
these three stock sizes was estimated for Atlantic
butterfish (Peprilus triacanthus), long-finned squid
(Loligo pealei), boreal squid (Illex illecebrosus), and
Atlantic menhaden (Brevoortia tyrannus). These are
primary species in the diet of bluefish that are also
landed by fishermen.

Several studies were used to attribute the total
biomass consumption by bluefish to different geo-
graphic regions, seasons, and prey species. To simu-
late the migratory patterns of bluefish, it was as-
sumed that 100% of the population was north of Cape
Hatteras during summer and autumn and 100% of
the population was south of Cape Hatteras during
spring and winter. Diet data from Richards (1976),
Morris1, and Buckel et al. (1999b) were used to de-
scribe bluefish diet in the summer and autumn north
of Cape Hatteras. The diet studies of Naughton and
Saloman2 and Lassiter (1962) were used to describe
bluefish diet south of Cape Hatteras (Carolinas and
southeast Florida) during winter and spring. Details
regarding these diet studies can be found in Buckel
et al. (1999b).

To calibrate the relative importance of bluefish
predation on squid, butterfish, and menhaden, the
annual bluefish consumption of these prey was plot-
ted along with the average, minimum, and maximum
fisheries landings (1984–92) for these species as com-
piled by the National Marine Fisheries Service
(Anonymous4).

4 Anonymous. 1993. Fisheries of the United States, 1992. U.S.
Dep. Commer., National Oceanic and Atmospheric Association,
National Marine Fisheries Service, Silver Spring, MD, 115 p.
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Effects of pooling diet across ages

One potential shortcoming of this analysis was the
use of diet data pooled across age or size groups. This
procedure was unavoidable because of the lack of data
describing bluefish diet by age or size for different
seasons and geographical locations on the east coast
of the United States. The use of pooled diet data may
bias impact estimates given that prey such as squid,
butterfish, and squid are more important diet items
of older and larger bluefish. To address this poten-
tial bias, we performed a separate analysis to calcu-
late bluefish consumption of prey using size or spe-
cific diet data (where available, see Morris1) as op-
posed to pooled data. The daily biomass of prey con-
sumed by each age or size class (uncorrected for tem-
perature) was calculated for the simulated popula-
tion (a population with constant recruitment and
mortality, see “Estimates of population consumption
rate” section) and the 1995 bluefish population (a
population whose biomass was dominated by older
fish, see “Impact by age class” section and Table 1).
These consumption-by-age estimates were multiplied
by percent-contribution-by-weight data from Morris1

for the four prey species described in the main analy-
sis. The biomass of each prey type that was consumed
was summed over all age classes to obtain the popu-

Table 1
Estimate of daily and annual prey consumption of the 1995 bluefish population by age class. We used weight-at-age data from
Wilk,1 maximum consumption rate estimates from Hartman and Brandt (1995a), and the virtual population analysis (VPA)
estimates of bluefish number by age from NEFSC (see Footnote 3 in main text).

Biomass of prey
Bluefish weight Bluefish numbers Bluefish biomass Consumption rate consumed daily

Age (kg) (millions) (106 kg) (kg/(kg . d)) (kg)

0.5 0.031 13.89 0.43 0.1941 82538
1 0.143 17.47 2.50 0.1245 311317
2 0.662 4.78 3.16 0.0801 253240
3 1.502 3.95 5.92 0.0633 374750
4 2.524 2.86 7.22 0.0545 393250
5 3.604 3.31 11.92 0.0492 585820
6 4.654 5.88 27.35 0.0456 1249322
7 5.622 2.76 15.53 0.0432 671889
8 6.481 1.55 10.03 0.04152 416561
9+ 7.225 3.99 28.84 0.0402 1160642

Sum of bluefish Sum of biomass
biomass (B; 106 kg) 112.90 consumed (Q; kg) 5499328

Q/B daily (at 22.5°C) 0.0487
Q/B annual (at 22.5°C) 17.78
Q/B annual (at 17.5°C) 10.84

1 Wilk, S. J. 1977. Biological and fisheries data on bluefish, Pomatomus saltatrix (Linnaeus). Tech. Ser. Rep. 11, 56 p. [Available from James
J. Howard Marine Sciences Laboratory, Northeast Fisheries Science Center, Natl. Mar. Fish. Serv., NOAA, 74 Magruder Rd., Highlands, NJ.]

lation consumption of each prey type. These values
were then compared with values of population con-
sumption of each prey type that were obtained by
multiplying the total population consumption of all
prey by the pooled prey contribution from Morris.

Results

Estimates of population consumption rate

The annual Q/B estimate from Pauly’s (1986) model
for the east coast bluefish population is 7.7. This
means that the east coast bluefish population con-
sumes a biomass of prey that is equivalent to ~8 times
its own biomass over a one year period. The estimate
of Q/B with Hartman and Brandt’s (1995a) consump-
tion-rate-at-weight data, adjusted for temperature,
and estimated for the 1995 bluefish biomass on the
U.S. east coast, was 10.8 (Table 1).

Impact by age class

For the simulated population with constant recruit-
ment and mortality, the peak predatory impact of
the bluefish population occurs between approxi-
mately age 1 and age 3 (Fig. 1). In 1984, a year with
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Figure 1
Estimates of bluefish impact on prey by age class for a simu-
lated population of the U.S. east coast bluefish stock. Simu-
lated numbers of bluefish (see text) and bluefish weight (kg;
Wilk,1977) at age (A) were used to calculate bluefish bio-
mass (B). Impact (kg) on prey by each age class (D) was
calculated by multiplying bluefish biomass by maximum con-
sumption rate (Hartman and Brandt, 1995a) for each age
class (C).

fairly typical age structure, peak absolute consump-
tion of prey occurred between age 2 and age 3 with a
second peak at age 6 (Fig. 2). In 1995, when age struc-
ture was dominated by the 1989 year class, peak
predatory impact occurred in fish that were six years
of age (Table 1; Fig. 3). Therefore, much interannual
variation in the age classes at which the peak preda-
tory impact occurs should be expected in bluefish.

Figure 2
Estimates of bluefish impact on prey by age class for the
U.S. east coast bluefish stock in 1984. Numbers of bluefish
(NEFSC3) and bluefish weight (kg; Wilk, 1977) at age (A)
were used to calculate bluefish biomass (B). Impact (kg) on
prey by each age class (D) was calculated by multiplying
bluefish biomass by the maximum consumption rate
(Hartman and Brandt, 1995a) for each age class (C).

Comparison of biomass consumed by bluefish with
that harvested by fisheries

The bluefish VPA biomass estimates from 1982 to
1995 ranged from a low of 124,024 metric tons (t) in
1995 to a high of 328,864 t in 1986 with an average
stock size of 233,309 t for this period (NEFSC3). Given
a Q/B estimate of 7.7, the minimum-size bluefish
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Figure 3
Estimates of bluefish impact on prey by age class for the
U.S. east coast bluefish stock in 1995. Numbers of bluefish
(NEFSC3) and bluefish weight (kg; Wilk, 1977) at age (A)
were used to calculate bluefish biomass (B). Impact (kg) on
prey by each age class (D) was calculated by multiplying
bluefish biomass by maximum consumption rate (Hartman
and Brandt 1995a) for each age class (C).

population (1995) consumed 0.9 million t per year
whereas the maximum-size population (1986) con-
sumed 2.5 million t of prey per year. The 1982 to
1995 average population biomass consumed 1.8 mil-
lion t of prey per year.

Of the total biomass of prey consumed annually
by bluefish, the fraction attributed to the primary
resource species is an annual average of 10% butter-

fish, 10% long-finned squid, 5% boreal squid, and 5%
Atlantic menhaden. These are also averages across
bluefish body size; however, these averages may be
too simplistic given that bluefish diet changes with
increasing size. Much of the rest of the diet of blue-
fish is attributed to bay anchovy (described in Buckel
et al., 1999a) for which no fishery landings exist. The
average (minimum-maximum) annual consumption
of butterfish by bluefish is therefore 90,000 t (48,000–
125,000 t); annual consumtion of long-finned squid,
is 90,000 t (48,000–125,000 t); and annual consump-
tion of boreal squid, is 45,000 t (24,000–63,000 t).
The annual consumption of these species by bluefish
is much higher than the annual fisheries landings
over the period 1984–92 (Fig. 4). The average con-
sumption of Atlantic menhaden by bluefish was
45,000 t (24,000–63,000 t). The menhaden fishery
takes seven times the biomass of menhaden that
bluefish consume (Fig. 4).

Effects of pooling diet across ages

For the simulated population, the daily consumption
of long-finned squid and butterfish calculated by
using age-specific data did not differ greatly from
daily consumption when diets were pooled across
ages (Fig. 5). However, the use of pooled diets over-
estimated daily consumption of boreal squid and At-
lantic menhaden in comparison to values obtained
with age-specific diets for both the simulated and
1995 bluefish population. For the 1995 population,
age-specific diets gave daily consumption values for
long-finned squid and butterfish that were higher
than those that were calculated when pooled percent
diet contributions were used (Fig. 5). Therefore, pool-
ing diets can lead to under- or over-estimates of the
predation pressure by bluefish; this bias can be affected
by the age structure of the bluefish population.

Discussion

The results suggest that for at least three of the prey
species of bluefish and humans, bluefish harvest a
much higher biomass than does the fishery. This
predatory loss will vary with fluctuations in blue-
fish abundance. We elaborate on management im-
plications below.

Estimates of population consumption rate

Our estimate of Q/B (annual population consump-
tion) is likely robust for two reasons. First, the esti-
mate of bluefish annual Q/B is similar to that of other
pelagic piscivores. Palomares and Pauly (1989) esti-
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Figure 4
Estimated biomass (in thousands of metric tons (t)) of boreal squid,
long-finned squid, butterfish, and Atlantic menhaden consumed
by the U.S. east coast bluefish population (open histogram rep-
resents consumption by average bluefish biomass from 1982 to
1995, error bar represents range for consumption by a minimum
to maximum bluefish population size) and harvested by east coast
fisheries (closed histogram represents average harvest from 1984
to 1992, error bar represents range for harvest from minimum to
maximum).

mated the annual Q/B of bar jack, Caranx ruber, and
the dolphin Coryphaena hippurus at 10.6 and 8.5,
respectively. Secondly, the estimate of Q/B with labo-
ratory-measured daily rations (age 0–2 yr fish) and
1995 VPA bluefish biomass data gave us an estimate
of Q/B of 10.8. This value was only slightly higher
than the estimate from Pauly’s (1986) model. This
difference is likely a result of extrapolating Cmax data
from Hartman and Brandt (1995a) to larger fish.
Assuming consumption rates of these larger fish were
overestimated, values of 2.0 to 3.0 kg/(kg . d) . 100 were
substituted for fish ages 4–9+. From this a Q/B value
of 6.6 was estimated. This value is more similar to
the Pauly model Q/B estimate of 7.7. Future esti-
mates of bluefish population consumption should
include laboratory or field estimates of feeding rates
of older bluefish.

The Q/B estimate based on the 1995 VPA (10.8)
incorporates the age structure existing at that time
(recruitment not constant in the population), whereas
the estimate from Pauly’s (1986) model (7.7) assumes
constant recruitment. Age structure may also con-
tribute to the differences between the two Q/B esti-
mates. For the 1995 bluefish stock, recent years of
low recruitment have led to peak biomass in the older
age classes (NEFSC3). These older, more abundant
age classes consume a higher biomass of prey than
younger age classes. In 1995, age-6 fish consumed
more prey biomass than any other age class. This

Figure 5
Daily consumption (not temperature corrected; t) of
boreal squid, long-finned squid, butterfish, and At-
lantic menhaden by the U.S. east coast bluefish
population based on simulated (A) and 1995 (B) data
(see text for calculation methods). Consumption was
estimated from pooled diet indices (open histogram)
and indices which were partitioned by age or size
(closed histogram).

strong age class resulted from a relatively large re-
cruitment in 1989. If recruitment and mortality are
constant, our analyses predict that absolute prey
consumption will peak at about age 2 (Fig. 1D). That
consumption rate tends to peak in the earlier age
classes has also been found in other species (Stewart
and Binkowski, 1986; Yañez-Arancibia et al., 1993).

Bluefish ingest larger and a greater diversity of
prey and include more resource species in their diet
(e.g. butterfish, squid, Atlantic herring, and several
groundfish species), with increasing body size (Buckel
et al., 1999b; Morris1). When coupled with temporal
shifts in the biomass age structure of bluefish, such
ontogenetic changes in diet have important implica-
tions for impact on prey populations. For example,
bluefish recruitment was relatively high from 1982
through 1984. In 1984, peak absolute consumption
of prey occurred between age 2 and 3 compared with
age 6 in 1995. In 1984, the biomass consumption of
age-0 through age-3 fish was 40% of the entire
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population’s consumption, but it was only 18% of to-
tal population consumption in 1995 (Figs. 2 and 3).
Similarly, Hartman and Brandt (1995b) found that rela-
tive prey consumption by bluefish at the population
level in Chesapeake Bay varied with age structure.

The fact that age structure and ontogenetic diet
shifts interact provides further justification for ob-
taining bluefish diet information by age or size. For
example, the impact of the 1995 bluefish population
on long-finned squid and butterfish was underesti-
mated when pooled diet indices were used compared
with diet indices that were partitioned by age or size
(Fig. 5).

Comparison of biomass consumed by bluefish with
that harvested by fisheries

Edwards and Bowman (1979) and Sissenwine et al.
(1984) found that total piscivore consumption often
exceeded fishery landings on Georges Bank. We have
shown that bluefish alone consume an amount of
squid and butterfish far exceeding the harvest of
these species. How do our findings relate to the man-
agement of squid and butterfish? The current man-
agement plan for long-finned squid recommends a
target yield of 21,000 t (Mid-Atlantic Fishery Man-
agement Council5). From calculations presented here
bluefish consumed almost five times this amount of
long-finned squid. Consistent with our findings, es-
timates of natural mortality for butterfish, long-
finned squid, and boreal squid are high compared
with other species (Anonymous, 1995; Atlantic but-
terfish, M=0.80; long-finned squid, monthly M=0.34;
boreal squid, M>1.0). Our analysis does not allow us
to determine what fraction of total prey mortality is
due to bluefish consumption. Nor do we have esti-
mates of impact of other predators on these prey. If
we knew that bluefish were the dominant contribu-
tor to natural mortality in these prey, then questions
regarding allocation could be dealt with more explic-
itly. For example, if the goal were to build larger squid
stocks, would increased fishing mortality on blue-
fish be more or less effective than reductions in fish-
ing mortality on squid? Future research should deter-
mine the magnitude of predation mortality resulting
from bluefish and other predators. Until this informa-
tion is available we must assume that predation mor-
tality is similar to or below estimates of natural mor-

tality for squid and butterfish. The management plan
for these prey species assumes a high natural mortal-
ity (high predation mortality already taken into ac-
count) and fishing harvests are targeted accordingly.

However, these stock assessments assume that
natural mortality is a fixed value. For prey of blue-
fish, this may not be true given the persistent changes
in bluefish abundance on multiyear to decadal time
scales. Natural mortality in squid and butterfish may
vary greatly as a function of bluefish abundance. This
has important management implications. For ex-
ample, if bluefish abundance is high and remains so
for extended periods and if this results in natural
mortality rates on the prey that exceed the baseline
natural mortality rates, then the biological reference
points used in squid and butterfish management
must be adjusted accordingly. Even if fishery remov-
als are low in relation to those for other species, they
may still contribute to population collapse by driv-
ing the prey population past the replacement level.
Much more attention needs to be focused on assess-
ment of the dynamics and predatory impact of blue-
fish if we wish to manage its prey, not to mention
bluefish. Our results illustrate the importance of in-
corporating interspecific interactions in the manage-
ment of marine fisheries (Sissenwine and Dann,
1991; Magnusson, 1995).

Bluefish may have limited influence on menhaden
population dynamics because bluefish consumption
of Atlantic menhaden was substantially below the
fisheries landings of this species in our calculations.
Oviatt (1977) estimated the aggregate demand for
menhaden by bluefish in Narragansett Bay. She
found that menhaden abundance was sufficient to
meet the demands of bluefish even when the men-
haden stock was low. Hartman and Brandt (1995b)
found that combined predation by bluefish, weakfish,
and striped bass on menhaden in Chesapeake Bay was
low compared with fisheries harvest of menhaden.

There are several limitations to this analysis. The
estimates of the biomass of prey consumed rely on
several other estimated parameters. These include
the VPA of bluefish biomass, the allometry of gross
growth efficiency as a function of bluefish weight,
diet estimates, and assumptions about the spatial
and temporal location of the bluefish population. We
therefore urge readers to view our estimates as rough
approximations of the true values. At the very least,
however, our analysis clearly suggests a need to
greatly improve our knowledge of the population
dynamics and foraging ecology of bluefish. In par-
ticular, more accurate data on bluefish abundance,
spatial distribution, and diet as a function of blue-
fish size, season of the year, and habitat (e.g. estu-
ary, coastal shoreline, or offshore) are required.

5 Mid-Atlantic Fisheries Management Council. 1996. Amend-
ment 6 to the fishery management plan and the draft environ-
mental assessment for the Atlantic mackerel, squid, and but-
terfish fisheries. [Available from Mid-Atlantic Fishery Man-
agement Council, Room 2115, Federal Building, 300 South New
Street, Dover, DE 19904-]6790, 16 p.]
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For example, it has been shown that pooling blue-
fish diet by age or size class may over- or under-esti-
mate the impact of bluefish compared with estimates
of impact obtained when using age or size partitioned
diets. Additionally, the diet of bluefish in estuaries
(Oviatt, 1977; Hartman and Brandt, 1995c; Buckel
et al., 1999a), where YOY bluefish are known to be
dominant piscivores, was not considered here. Buckel
et al. (1999a) showed that YOY bluefish in the
Hudson River estuary are key predators on YOY
striped bass and that recruitment success of striped
bass is negatively correlated with YOY bluefish abun-
dance. In the Chesapeake Bay, the percentage of
menhaden in bluefish diet can be over 80% of the
diet by weight (Hartman and Brandt, 1995c), much
higher than the diet proportion we used in our analy-
ses. A synoptic study examining the diet on the shelf
and estuarine environments, as well as temporal and
spatial distributions, will be required to determine
the exact proportions of prey items in the coastal
bluefish population.
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