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In the western Atlantic Ocean, north-
ern bluefin tuna Thunnus thynnus
are distributed from Labrador and
Newfoundland to the Gulf of Mex-
ico, Caribbean Sea, and off Vene-
zuela and Brazil. The northern blue-
fin tuna is epipelagic and usually
oceanic, but seasonally strays near
the coast (Collette and Nauen 1983).
During June through October, these
tuna are common off the eastern
United States and Canada (Squire
1962) and support both commercial
and recreational fisheries. From
the end of May to August, many
pods of small school bluefin tuna
(<100 kg) migrate past Virginia on
their way to more northern feed-
ing grounds. These tuna are caught
30 to 60 km off the Virginia coast
in the vicinity of numerous shoals
or “hills,” by recreational anglers
trolling dead bait or lures on or
near the surface (Figley 1984). In
1986, 886 boats participated with
some degree of regularity in the
recreational fishery for tuna and
billfish out of Virginia ports (Boch-
enek and Lucy In press). Further
north, there is a recreational fish-
ery for giant (>200 kg) and me-
dium (100-200 kg) bluefin tuna,

*Contribution no. 1580 of the Virginia Insti-
tute of Marine Science.

and, to a lesser extent, school blue-
fin tuna (Figley 1984).

Bluefin tuna are opportunistic pred-
ators that prey upon fishes, mollusks,
crustaceans, and salps (Crane 1936;
Bigelow and Schroeder 1953; Krum-
holz 1959; Dragovich 1969, 1970;
Mason 1976; Matthews et al. 1977;
Holliday 1978). Pacific bluefin tuna
Thunnus thynnus orientalis caught
off California and Baja California
preferred the same prey as the At-
lantic Ocean subspecies Thunnus
thynnus thynnus (Pinkas 1971).

The spawning stock of the west-
ern Atlantic bluefin tuna has declined
sharply since 1970, and both recruit-
ment and juvenile stock size are still
substantially lower than in 1970
(ICCAT 1987). Thus, information
about life-history characteristics,
such as trophic habits, is essential
for developing sound management
plans for this important commercial
and recreational fish. Mason (1976)
and Holliday (1978) studied the feed-
ing behavior of school bluefin tuna
captured along the eastern coast of
the United States; however, only 68
bluefin tuna stomachs were collec-
tively examined from fish caught off
or near the Virginia coast (lat 36-
38°N and long. 75°W). Therefore,
knowledge of the feeding habits of
school bluefin tuna off the Virginia

coast is relatively sparse. The pres-
ent paper describes the findings of
stomach content analysis for juve-
nile bluefin tuna collected during
the summer of 1986 by recreational
fishermen along the mid-Atlantic
coast off Virginia.

Methods and materials

During June and July 1986, stom-
ach samples of 97 bluefin tuna were
obtained from recreational fisher-
men as they landed their catch at
Rudee Inlet, Virginia Beach, and at
Wachapreague on the eastern shore
of Virginia. Curved fork length (mm)
and the area of capture (Fig. 1)
were recorded for each fish. Fish
that could not be identified with a
specific area of capture were elim-
inated from the sample. Weights
(kg) were recorded for tuna official-
ly weighed on certified marina scales.
Stomachs were removed and placed
in 10% buffered formalin. Stomachs
were opened and designated in the
laboratory as either containing food
or empty. Stomachs containing only
parasites were classified as empty.
Stomach contents were rinsed in
water and stored in 10% ethanol un-
til identification.

Prey items were sorted into ma-
jor food groups (fishes, crustaceans,
mollusks, and unidentifiable remains),
enumerated, and identified to the
lowest possible taxon with the aid
of a binocular dissecting scope. Vol-
umes were determined by water dis-
placement using a graduated cylin-
der and measured to the nearest 0.5
mL. Fishes too far digested for cer-
tain identification were placed in an
unidentified teleost category and
used in estimating total prey vol-
ume. The majority of unidentified
teleost material resembled remnants
of sand lance (Ammodytes spp.)
more than any other recognizable
species. :
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Figure 1
Tuna and billfish grounds off Virginia.
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To help evaluate the relationship of the various food
items found in stomachs we employed an index of
relative importance (IRI) (Pinkas 1971):

IRI = (N + V) F,

where N = numerical percentage, V = volumetric per-
centage, and F' = frequency of occurrence percentage.
Percent IRI consisted of the IRI value of each prey
category (unidentified fish and cephalopods excluded)
divided by the sum of the IR values (unidentified fish
and cephalopods excluded). To determine if the quan-
tity of the key trophic group differed by area of capture
(Fig. 1), displacement volume was compared against
three areas sampled with a one-way ANOVA model

(with displacement volume as the dependent variable
and area of capture as the independent factor). The key
trophic group was composed of pooled volumetric con-
tributions of both identified and unidentified teleost re-
mains. The three areas were: (1) the “Hot Dog,” (2)
‘““Fish hook” and “S.E. Lumps,” and (3) “21 Mile Hill.”
The “Fish hook” and “S.E. Lumps’’ areas were pooled
because boat captains generally fished both areas dur-
ing the same trip. The remaining areas, ‘26 Mile Hill”
and ‘“V-Buoy,” were both eliminated from the hypoth-
esis test because of low sample sizes (N = 2 for both).
Significant differences were contrasted by a Student-
Neuman-Kuels (SNK) multiple range test set at an
experiment-wise error rate (EWER) of 0.05 (Zar 1984).
Tests for normality and equality of variance (Zar 1984)
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Table 1
List of prey species or class groups occurring in stomachs of juvenile bluefin tuna Thunnus thynnus from the Mid-Atlantic Bight,
Virginia, 1986.
% Frequency
of occurrence
No. of individual based on stomachs Index of
prey items from Percent Volume Percent containing food relative importance
72 stomachs by number (mL)  volume (N =172 (IRI) % IRI

Teleosts
Ammodytes spp. (sand lance) 403 84.1 1028.0  30.75 48.6 5583.2 0.968
Peprilus triacanthus (butterfish) 11 2.3 84.0 2,51 2.8 13.5 0.002
Hippocampus erectus 9 1.9 25 0.07 1.4 2.7 0.0004

(lined seashore)
Aluterus seriptus 1 0.2 15 0.04 14 04 0.00006

(scrawled filefish)
Unidentified teleosts NA NA 1653.5  49.46 75.0 NA NA

(primarily sand lance)
Cephalopods
Lolliguncula brevis 48 10.0 4320 12.92 6.9 158.3 0.027

(Atlantic brief squid)
Loligo pealeii (longfin squid) 2 0.4 124.0 3.71 2.8 11.6 0.002
Unidentified cephalopods NA NA 5.0 0.15 14 NA NA
Miscellaneous
Salpidae 12.3 0.37 8.3 NA NA
Idotea sp. (Isopod) 5 1.0 0.5 0.01 14 15 0.0002
Totals 479 3343.3 5771.0 1.0
Total stomachs analyzed 97
No. (%) containing food materials 72(74.2)

(identified and unidentified)
No. (%) empty 25(25.8)

indicated that the logarithmically transformed volumes
were appropriate for ANOVA.

Results

Food analysls

Of the 97 juvenile bluefin tuna stomachs examined, 72
(74%) contained food. These tuna averaged 21.3 kg
(n =17, SD 7.7, range 15-39 kg) with a mean fork length
of 90 em (n = 85, SD 18, range 70-132 cm). Stomach
contents consisted of two primary food groups: teleosts
and cephalopods. Teleosts contributed over five times
the percent volume to the diet (82.8%) compared with
cephalopods (16.8%) (Table 1). Teleosts occurred in
91% of those stomachs containing food items and
accounted for 86% of the total identified prey items
(Table 1). Major subgroups of identifiable teleosts by
percent frequency of occurrence (based on number of
stomachs containing food), IRI, and percent IR], listed
in decreasing order were sand lance, butterfish Pepri-
lus triacanthus, lined seahorse Hippocampus erectus,
and scrawled filefish Aluterus scriptus (Table 1). Sand

lance was the predominant teleost occurring in stom-
achs, especially considering that the unidentified tele-
ost category (probably primarily sand lance) contrib-
uted the greatest volume of all prey species found
(Table 1).

Cephalopods occurred in 14.4% of those stomachs
containing food (Table 1). This group was represented
by two species, the Atlantic brief squid Lolliguncula
brevis and the longfin squid Loligo pealeii. Unidentified
cephalopod remains accounted for the lowest percent
volume (0.2%) of prey items in stomachs containing
food, whereas Atlantic brief squid contributed the
highest (12.9%) (Table 1).

A third, miscellaneous prey category included salps
and one immature species of isopod. A cigarette wrap-
per and piece of Sargassum weed were each present
in two of the stomachs.

The combined volumetric contributions of teleost re-
mains to the gut were significantly affected by area
of capture (ANOVA; F =8.93, df 2, 82, P<0.0003).
Stomach contents of tuna landed from “21 Mile Hill”
had significantly higher volumes of teleost remains
than did stomachs taken from either the ‘“Hot Dog”



392

Fishery Bulletin 88{2}, 1990

= 80, _

g 1

8 70

g 60; G
50 07
@ 57

§ 40 / /!
5 30 T : T - ; ///
2 201 875 /L? ;,/
b ) GAL ) C7 L

HOT DOG  FISH HOOK-SE LUMPS 21 MILE

ILL

AREA LANDED

Figure 2
Mean combined displacement volume of identified and unidentified
teleost remains from stomachs of bluefin tuna collected from three
different areas off Virginia. Numbers within each bar indicate number
of specimens sampled; vertical lines indicate +1 SE.

or “Fish hook and S.E. Lumps” areas (SNK: EWER
0.05) (Fig. 2).

Digenetic trematodes Hirudinella ventricosa were
found in 8 (11.1%) of the stomachs and averaged 10
mm in length and 2-3 mm in width. The worms were
never attached to the lining of the stomach and were
typically found at the posterior end. The number of
worms per stomach ranged from 1 to 2 with a mean
of 1.14 H. ventricosa per individual stomach. The possi-
ble effects of area landed on the number of trematodes
occurring in the stomachs were not evaluated because
of the relatively low rate of parasitism.

Discussion

Diet

This study indicates that school bluefin tuna, captured
off the Virginia coast, feed predominantly on the sand
lance. Mason (1976) was the first to report sand lance
as a prey item of school bluefin tuna caught off the U.S.
East Coast. He also reported sand lance to be the most
important prey of school bluefin tuna caught off
Virginia, but for fish taken north of Virginia, mackerel
(Scomber spp.) replaced sand lance as the dominant
prey. Holliday (1978) also found the sand lance to be
the predominant food item for bluefin tuna captured
by trolling along the U.S. East Coast. The IRI of sand
lance in this study (JRI = 5588) is very similar to that
reported by Holliday (1978) (IRI = 4896).

Sand lance form dense schools over New England
and mid-Atlantic Continental Shelf areas. They occur

throughout the water column during daylight hours,
and are available to tuna predation at various depths
(Meyer et al. 1979, Auster and Stewart 1986). Tuna
predation on sand lance may affect the populations of
this important forage species off Virginia. Reproduc-
ing populations of sand lance, as indicated by egg and
larvae counts, exist on the Virginia shelf (Norcross
et al. 1961); hence, the Virginia coast is an important
habitat to the species. The sand lance serves as an im-
portant link between secondary producers and higher
trophic-level fish and mammals in marine food chains
(Bigelow and Schroeder 1953); thus, extensive preda-
tion by tuna could affect marine mammal populations.
A cause-and-effect relationship may exist between low
mackerel and herring stocks (resulting from heavy
fishing mortality) and the observed population explo-
sion of sand lance larvae in the mid- to late 1970s
(Sherman et al. 1981); thus, tuna predation on sand
lance could be beneficial to the return of mackerel and
herring stock abundance.

The Atlantic brief squid was the second most impor-
tant item consumed by school bluefin tuna examined
in our study. Mason (1976) found two squid in the 20
fish he examined from Virginia waters. Holliday (1978)
also reported similar species of cephalopods in stomach
contents of the bluefin tuna taken off the U.S. East
Coast. Krumholz (1959), working near the Bahamas,
reported salps as the second most important food item.
In the western North Atlantic, Dragovich (1970) noted
molluscs (mainly cephalopods) as second in trophic
importance. Similarly, Matthews et al. (1977) also
reported cephalopods, pteropods, and heteropods as
being the most frequent invertebrate forage group
after fishes. For California bluefin tuna, the second
most important food item was the California market
squid Loligo opalescens or the pelagic swimming crab
Pleuroncodes planipes, depending upon the area of cap-
ture (Pinkas 1971).

The butterfish, lined seahorse, and serawled filefish
were found in very few stomachs, being rare con-
tributors to the diet of bluefin tuna in this study. These
prey species demonstrate considerable diversity in their
foraging locations, including nearsurface, mesopelagic,
and demersal habitats. It is possible that the butter-
fish, lined seahorse, and scrawled filefish are associated
with drifting Sargassum weed; thus, tuna may feed in
part around drifting Sargassum communities. Other
miscellaneous items found in the stomachs were salps,
the isopod Idotea spp., a cigarette wrapper, and
Sargassum weed. Holliday (1978) also reported the
occurrence of Idotea spp. in stomachs of bluefin tuna
caught trolling near Sargassum communities. He
hypothesized that the isopod and Sargassum weed
were accidently ingested by the tuna while pursuing
other prey.
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Parasites

The digenetic trematode Hirudinella ventricosa occur-
red in 11% of the stomachs examined in this study.
Mason (1976) also found an annulated hemiurid trema-
tode in 2% of the bluefin tuna stomachs he examined
from the western Atlantic Ocean. The trematodes in
Mason'’s (1976) study were found in both empty stom-
achs and stomachs which contained food. Crane (1936)
reported Distoma-like worms in 25% of giant bluefin
tuna stomachs he examined off Maine. Hirudinella
ventricosa (= marina) occurred in 9% of school bluefin
tuna and 48% of giant bluefin tuna stomachs collected
from North Carolina to Massachusetts (Holliday 1978).

Giant trematodes of the genus Hirudinella frequent-
ly parasitize scombroid fishes (Nigrelli and Stunkard
1947, Nakamura and Yuen 1961, Watertor 1973,
Manooch and Hogarth 1983). Adult parasites typical-
ly attach to the stomach lining and remain near the site
of attachment throughout this life-stage (Manooch and
Hogarth 1983). These digenetic endoparasites have
complicated life cycles involving an alternation of
generations and hosts; however, the life cycle of Hiru-
dinella spp. is still unknown (Manooch and Hogarth
1983).

Attempts to evaluate the incidence of parasitism by
size and sex of the host and by geographical area of
collection have demonstrated mixed results (Nakamura
and Yuen 1961, Manooch and Hogarth 1983). Naka-
mura and Yuen (1961) examined the occurrence of the
parasite H. ventricosa (= marina) in the stomachs of
skipjack tuna Euthynnus pelamis collected from
Hawaii and off the Marquesas. They concluded that
significant differences in the occurrence of trematodes
collected from these two areas were attributable to
time (year of collection) rather than area. Manooch and
Hogarth (1983) reported distinct differences in the in-
cidence of parasitism by H. ventricosa between wahoo
Acanthocybium solanderi from the coast of Florida-
South Florida and wahoo from the rest of the south-
eastern Atlantic. They suggested that this difference
may reflect two subpopulations of wahoo along the
southeastern U.S. coast: a northern population char-
acterized by high incidence of trematodes, and a south-
ern population with a much lower incidence.

Watertor (1973) examined 258 bluefin tuna captured
off the East Coast of the United States (lat. 35-40°N;
long. 65-75°W) and off the northeast coast of South
America (lat. 0-18°N; long. 50-82°W). Of these, 51
were infected with H. ventricosa (= marina), nearly
twice the infection rate noted in this study. There are
two possible explanations for this difference. First, the
parasites described by Watertor (1973) were pooled
from both the eastern U.S. and northeastern South

American samples. Inclusion of a South American
group, with possibly a higher prevalence of parasitism,
similar in nature to that described for wahoo by
Manooch and Hogarth (1983), might have biased the
values reported by Watertor (1973). Secondly, Water-
tor (1978) did not report the overall size ranges of blue-
fin tuna used in his study. Inclusion of giant bluefin
tuna, with a higher prevalence of parasitism (see Crane
1936) may also contribute to apparent differences in
levels of infection.

Area effects

Environmental factors such as temperature and ocean-
ographic frontal zones have been shown to markedly
influence the distribution, abundance and catchability
of tunas (Murphy 1959, Uda 1973, Laurs and Lynn
1977, Rockford 1981, Sund et al. 1981, Laurs et al.
1984). Murphy (1959) suggested that the aggregation
of albacore Thunnus alalunga in clear water on the
oceanic side of fronts in nearshore areas may reflect
an inability to efficiently capture large, mobile prey in
turbid coastal waters. This same mechanism may help
to explain the higher combined displacement volumes
of sand lance and unidentified teleost remains in the
stomachs of tuna taken from the ‘21 Mile Hill” com-
pared with the “Hot Dog” or ‘“Fishook and S.E.
Lumps” areas (Fig. 2). Turbidity associated with ef-
fluent from Chesapeake Bay might have reduced the
ability of bluefin tuna to detect mobile forage such as
the sand lance and other teleosts. The effluent from
the Chesapeake Bay appears in shelf waters as a lens
of freshened water (with high concentrations of bay
water constituents) extending offshore and towards the
south as a part of the general shelf circulation (Ruzecki
1981). The three areas in question are directly offshore
of the Chesapeake Bay mouth (Fig. 1). Differences in
the diet of bluefin tuna have also been attributed to
depth of capture, availability and type of food in a given
area, time of day or year, spawning, atmospheric con-
ditions, physiological conditions of predator fish, size
of prey, and size of the bluefin tuna (Dragovich 1970).

We conclude that the sand lance is the most impor-
tant forage of school bluefin tuna off the Virginia coast
and suggest that this prey species, as well as teleosts
in general, may become more vulnerable to tuna preda-
tion in areas least affected by the turbid waters of the
Chesapeake Bay plume. In addition, the occurrence of
the digenetic trematode Hirudinella ventricosa in a
small but significant number of bluefin tuna off Virginia
suggests that variation in infestation rates of this para-
site might provide a mechanism to help distinguish
among possible subpopulations of bluefin tuna occur-
ring in the Western Atlantic.



394

Fishery Bulletin 88(2), 1990

Acknowledgments

We thank J. Luecy, N. Chartier, and B. Sweeney for
assistance in field collections, and B. Cornett and
M. Peterson, participants in the Governor’s School for
Marine Science of the Virginia Department of Educa-
tion for help in collecting and processing tuna stomachs
and in enumeration of food contents. Special thanks
to J. Lucy for his helpful advice throughout the dura-
tion of this study. Helpful reviews of the manuseript
were provided by J. Colvocoresses, J. Lucy, J. Musick,
and two anonymous referees.

This work was supported by funds from the Virginia
Institute of Marine Science Advisory Services Program
and National Marine Fisheries Service Port Sampling
Program for Large Pelagics, Northeast Fisheries
Center. First authorship was determined by a coin toss.

Citations

Auster, P.J., and L.L. Stewart

1986 Species profiles; Sand Lance: life histories and environ-
mental requirements of coastal fishes and invertebrates North
Atlantic. U.S. Fish Wildl. Serv. Biol. Rep. 82(11.66), 11 p.

Bigelow, H.B., and W.C. Schroeder

1953 Fishes of the Gulf of Maine. U.S. Fish Wildl. Serv., Fish.

Bull. 74 (vol. 58), 577 p.
Bochenek, E., and J. Lucy

In press A comparison of two sampling methods for analyz-
ing Virginia's recreational marlin and tuna fishery. In Stroud,
R. (ed.), Proceedings, Second International Billfish Symposium,
Kailua-Kona, HI. Part II, Marine Recreational Fisheries
18. National Coalition for Marine Conservation Inc., Savan-
nah, GA.

Collette, B.B., and C.E. Nauen

1983 FAO species catalogue. Vol. 2. Scombrids of the world,
an annotated and illustrated catalogue of tunas, mackerels,
bonitos, and related species known to date. FAO Fish. Synop.
125, vol. 2, 137 p.

Crane, J.

1936 Notes on the biology and ecology of giant tuna, Thun-
nus thynnus Linnaeus, observed at Portland, Maine. Zoo-
logica (NY) 212:207-212.

Dragovich, A.

1969 Review of studies of tuna food in the Atlantic Ocean.
U.S. Fish. Wildl. Serv. Spec. Sci. Rep. Fish 593, 21 p.

1970 The food of bluefin tuna (Thunnus thynnus) in the West-
ern North Atlantic Ocean. Trans. Am. Fish. Soc. 99:726-731.

Figley, W.

1984 Recreational fishery for large offshore pelagic fishes of
the Mid-Atlantic Coast. NJ Div Fish Game Wildl. Tech. Ser.
84-1, Trenton, NJ, 66 p.

Holliday, M.

1978 Food of Atlantic bluefin tuna, Thunnus thynnus (L.), from
the coastal waters of North Carolina to Massachusetts. M.S.
thesis, C.W. Post College, Long Island Univ., Long I., NY,
27 p.

ICCAT

1987 Newsletter 17(3):2 (November), Int. Comm. Conserv. Atl.

Tunas, Madrid, Spain.

Kumbholz, L.A.

1959 Stomach contents and organ weights of some bluefin
tuna, Thunnus thynnus (Linnaeus), near Bimini, Bahamas.
Zoologica (NY) 44:127-131.

Laurs, R.M., and R.J. Lynn

1977 Seasonal migration of North Pacific albacore, Thunnus
alalunga, into North American coastal waters: Distribution,
relative abundance, and association with transition zone waters.
Fish. Bull., U.S. 75:795-822.

Laurs, R.M., P.C. Fiedler, and D.R. Montgomery

1984 Albacore tuna catch distributions relative to environmen-
tal features observed from satellites. Deep-Sea Res. 31(9):
1085-1099.

Manooch, C.S., and W.T. Hogarth

1983 Stomach contents and giant trematodes from wahoo,
Acanthocybium solanders, collected along the south Atlantic
and Gulf Coasts of the United States. Bull. Mar. Sci. 33(2):
227-238.

Mason, J.M.

1976 Food of small, northwestern Atlantic bluefin tuna, Thun-
nus thynnus (L.) as ascertained through stomach content
analysis. M.S. thesis, Univ. Rhode Island, Kingston, 27 p.

Matthews, F.D., D.M. Dankaer, L.W. Knapp, and B.B. Collette

1977 Food of Western North Atlantic tunas (Thunnus) and
lancetfishes (Alepisaurus). NOAA Tech. Rep. NMFS SSRF-
7006, Natl. Oceanic Atmos. Adm., Natl. Mar. Fish. Serv., 19 p.

Meyer, T.L., R.A. Cooper, and R.W. Langton

1979 Relative abundance, behavior, and food habits of the
American sand lance, Ammodytes americanus, from the Gulf
of Maine. Fish. Bull,, U.S. 77:243-253.

Murphy, G.I.

1959 Effect of water clarity on albacore catches. Limnol.

Oceanogr. 4:86-93.
Nakamura, E.L., and H.S.H. Yuen

1961 Incidence of the giant trematode, Hirudinella marina
Garein, in skipjack tuna, Euthynnus pelamis (Linneaus), from
Marquesan and Hawaiian waters. Trans. Am. Fish. Soc. 90:
419-423.

Nigrelli, R.F., and H.W. Stunkard

1947 Studies on the genus Hirudinelle, giant trematodes of

scombriform fishes. Zoologica (NY) 31:185-196.
Norcross, J.J., W.H. Freeman, and E.B. Joseph

1961 Investigations of inner continental shelf waters off lower
Chesapeake Bay. Part I1. Sand lance larvae, Ammodytes ameri-
canus. Chesapeake Sci. 2:49-59.

Pinkas, L.

1971 Bluefin tuna habits. In Pinkas, L., M.S. Oliphant, and
I.K. Iverson (eds.), Food habits of albacore, bluefin tuna, and
bonito in California waters, p. 47-63. Calif. Dep. Fish Game,
Fish. Bull. 152.

Rockford D.J.

1981 Anomalously warm sea surface temperatures in the
Western Tasman Sea. Their causes and effects upon southern
bluefin tuna catch 1966-1977. Rep. 114, Div. Fish. Oceanogr.,
CSIRO, Cronulla, Australia, 21 p.

Ruzecki, E.P.

1981 Temporal and spatial variations of the Chesapeake Bay
Plume. In Campbell, J.W., and J.P. Thomas (eds.), Chesa-
peake Bay Plume study, Superflux 1980, p. 111-130. NASA
Conf. Publ. 2188, Wash. DC.

Sherman, K., C. Jones, L. Sullivan, W. Smith, P. Berrien, and
L. Ejsymont

1981 Congruent shifts in sand eel abundance in western and
eastern North Atlantic ecosystems. Nature (Lond.) 291:
486-489.



NOTES Eggleston and Bochenek: Stomach content analysis of juvenile Thunnus thynnus off Virginia

395

Squire, J.L. Jr.

1962 Distribution of tunas in oceanic waters of the north-

western Atlantic. Fish. Bull,, U.S. 62:323-341.
Sund, P.N., M. Blackburn, and F. Williams

1981 Tunas and their environment in the Pacific Ocean: A

review. Oceanogr. Mar. Biol. Annu. Rev. 19:443-512.
Uda, M.

1973 Pulsative fluctuation of oceanic fronts in association with
the tuna fishing grounds and fisheries. J. Fac. Mar. Sci.
Technol. Tokai Univ. 7:245-265.

Watertor, J.L.

1973 Incidence of Hirudinella marina Garcin, 1730 (Trema-
toda: Hirudinellidae) in tunas from the Atlantic Ocean. J.
Parasitol. 59%(1):207-208.

Zar, J.H.

1984 Biostatistical analysis. Prentice-Hall, Englewood Cliffs,

NJ, 718 p.



