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ABSTRACT: The potential for competition to influence the population dynamics of bluefish Pomato-
mus saltatrix and striped bass Morone saxatilis through interactions at the juvenile stage was exam-
ined. Habitat and diet utilization were compared between juvenile striped bass and bluefish in 3 New
York Bight marine embayments. Juvenile bluefish and striped bass were seldom captured together
during the summer and early fall, suggesting low habitat overlap at the scale of a beach seine haul.
Diet overlap was also low; age-0 bluefish (spring- and summer-spawned cohorts) had a more pisci-
vorous diet than age-0 and age-1 striped bass. A 60d laboratory growth experiment tested for inter-
ference competition between age-0 bluefish (spring-spawned) and age-1 striped bass fed fish prey in
mixed- and single-species treatments. In the growth experiment, bluefish grew significantly faster
than striped bass; however, within a species, there was no significant difference in growth between
the mixed- and single-species treatments. Additionally, long-term field-monitoring data showed that
annual estimates of growth rate for bluefish and striped bass were not correlated with annual esti-
mates of their potential competitor's density. These field and laboratory data provide no evidence for
competitive interactions between juvenile striped bass and bluefish.
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INTRODUCTION

Competition is known to influence spatial distribu-
tion (Werner & Hall 1976, Hixon 1980, Robertson
1995), prey utilization (Werner & Hall 1976, Persson
1987), growth (Werner & Hall 1976, Prout et al. 1990,
Olson et al. 1995, Davis & Todd 1998) and survivorship
(Bystroem et al. 1998) in fishes. Additionally, interspe-
cific competition has been found to cause bottlenecks
in recruitment for some freshwater fishes. For exam-
ple, Persson & Greenberg (1990) found that juvenile
perch Perca fluviatilis and roach Rutilus rutilus com-
pete for zooplankton resources; roach dominate the
interaction and limit recruitment in perch. The compe-
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tition studies described above were conducted on
freshwater fishes and (or) on fishes that are fairly site-
attached. In contrast, competition in marine pelagic
fishes has not been studied as extensively. This is
largely due to the difficulties of monitoring these fishes
in open marine systems.

Bluefish Pomatomus saltatrix and striped bass
Morone saxatilis juveniles provide an opportunity for
testing for competition between 2 pelagic marine fish
species during their overlap in semi-enclosed bays for
several months during summer and fall. Biotic interac-
tions between bluefish and striped bass have been
hypothesized to explain opposite trends in landings
data (see Fig. 1 and Anonymous 1998). Bluefish and
striped bass are important resource species and fund-
ing was appropriated by the United States Congress
to obtain a better understanding of their popula-
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tion dynamics (see www.house.gov/resources/106cong/
fisheries/00apr28/deluca.htm). Both species have com-
plex life histories and size-structured populations. Var-
ious stages are sympatric and allopatric during their
ontogeny with overlap occurring when there are small
and large differences in body size.

Striped bass are anadromous, with egg and larval
stages occurring in freshwater/upper estuarine habi-
tats. Juvenile striped bass in the Hudson River estuary
(and other estuarine systems on the US east coast)
move into higher-salinity waters during their first year
of life. By age-1, striped bass from the Hudson River
estuary have moved into marine embayments associ-
ated with western Long Island and Staten Island, New
York (see Fig. 2); some age-0 striped bass also utilize
these bays during late summer (McKown et al. 1999).
Bluefish are oceanic spawners but have juvenile
stages that utilize nearshore and estuarine habitats.
There are generally 2 cohorts of juvenile bluefish that
move into New York Bight embayments: juveniles
from a spring spawning-event recruit in June while
those spawned in early- to mid-summer recruit in
August to September (McBride & Conover 1991;
age-0 bluefish will be referred to as spring- and
summer-spawned herein).

Spring-spawned bluefish and age-1 striped bass first
occur in sympatry around mid- to late-June in estuar-
ies and coastal bays of the New York Bight (McKown

et al. 1999). At this time, spring-spawned bluefish are
smaller than age-1 striped bass. However, spring-
spawned bluefish attain sizes that are similar to age-1
striped bass by the end of summer. Age-0 striped bass
and summer-spawned bluefish overlap in size while
sympatric in these embayments in late-summer
through fall; summer-spawned bluefish are smaller
than age-1 striped bass during this time period
(McKown et al. 1999).

We hypothesized that competitive interactions dur-
ing the juvenile stage may ultimately influence the
population dynamics of adult striped bass and blue-
fish. The 2 major systems that provide striped bass to
the coastal adult population are Chesapeake Bay and
the Hudson River estuary (Berggren & Lieberman
1978, Fabrizio 1987, Waldman et al. 1997). Hartman &
Brandt (1995) examined the diet overlap of striped bass
and bluefish juveniles in Chesapeake Bay. They found
little evidence for diet overlap between age-0 bluefish
and age-0 or age-1 striped bass. Striped bass diets
were dominated by invertebrates whereas bluefish
diet included mostly fish prey. This finding may not
hold true for other estuarine systems on the east coast
of the US where bluefish and striped bass juveniles
co-occur. For example, age-1 striped bass diets were
dominated by fish in Albemarle Sound, North Carolina
(Manooch 1973), suggesting a potential for diet over-
lap with bluefish. Diet overlap data do not exist for
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Fig. 1. Annual commercial and recreational fishery landings of bluefish Pomatomus saltatrix and striped bass Morone saxatilis
on the US east coast. (Commercial landings, see: www.st.nmfs.gov/stl/commercial/landings/annual_landings.html; recreational
landings, see: www.st.nmfs.gov/st1l/recreational/queries/catch/time_series.html)
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these 2 species in marine embayments that are utilized
by striped bass from the Hudson River population.
Moreover, no one to our knowledge has used an exper-
imental approach to examine for competition between
bluefish and striped bass. Experiments have proven
useful in identifying mechanisms underlying patterns
of resource use (Ross 1986).

Here, we examine the potential for competition
between juvenile striped bass and bluefish using a
field and laboratory approach. Habitat and diet over-
lap between juvenile striped bass and bluefish were
determined in New York Bight embayments. A labora-
tory experiment was conducted to examine growth of
spring-spawned bluefish and age-1 striped bass in
single- and mixed-species treatments. Additionally,
annual estimates of growth rate for bluefish and
striped bass were estimated and compared to water
temperature and potential competitors’ abundance
data from long-term field monitoring data.

MATERIALS AND METHODS

Field resource partitioning. Study area and field
sampling: Bi-weekly to monthly collections were made
in New York marine embayments during the New
York State Department of Environmental Conserva-
tion's (NYDEC) age-1 striped bass survey from May to
November 1997 and 1998; this survey has been con-
ducted since 1984 (see McKown et al. 1999). Sampling
locations were Manhassett Bay (40°50'N, 73°42'W)/

|

Little Neck Bay (40°48'N, 73°47' W) and Jamaica Bay
(40°37'N, 73°50'W) on western Long Island’'s north
and south shore, respectively (Fig. 2). In 1998, we also
conducted monthly (May to October) sampling on
the south shore of Staten Island (40°32'N, 74°10'W)
(Fig. 2). Mean monthly (May to September) tempera-
tures and salinities at stations within these bays ranged
from about 15 to 26°C and 22 to 27 ppt in both 1997 and
1998. Bluefish and striped bass were collected with a
61 x 3 m beach seine (13 mm mesh wings and 6 mm
mesh bag) which was set by boat at fixed stations dur-
ing daylight hours. Striped bass and bluefish retained
for diet analyses were immediately preserved in 10 %
buffered formalin.

Food habits: The diets of age-0 and age-1 striped
bass were determined in 1997 and 1998 (age was
determined with scales which is a validated method
for young striped bass: see Secor et al. 1995). In
1998, the diet of spring- and summer-spawned blue-
fish (cohorts identified by length frequencies) was
quantified. Striped bass and bluefish taken for stom-
ach-content analysis were wet weighed (+1.0 g) and
measured for total length, TL (+1.0 mm). Stomachs
were removed and preserved in 10% buffered for-
malin. Stomach contents were identified to the
lowest possible taxon, enumerated, blotted dry, and
weighed (£0.01 g).

We quantified diet using 2 indices: frequency of
occurrence (%F) and percent weight (%W). Fre-
quency of occurrence was calculated as the number
of stomachs in which a prey occurred divided by the
total number of stomachs containing food;
the weight of each prey type was divided
by the total weight of all prey types to
calculate prey contribution by weight. Diet
1 of age-1 striped bass and spring-spawned

400 Dbluefish was quantified by month because
50° they were the main focus of our study and

sample sizes were generally larger for
these groups. Age-0 striped bass and sum-
mer-spawned bluefish diets were pooled
by year.
Habitat and diet overlap: Habitat and diet
overlap were determined using Schoener's
40° index (Schoener 1970). The index
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determines overlap (a), where p;; = the pro-
portion of the ith resource (beach seine sta-
tion or prey type) used by species j, and pj =
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Fig. 2. Embayments in New York Bight where juvenile striped bass
Morone saxatilis and bluefish Pomatomus saltatrix were sampled

the proportion of the ith resource used by
species k. Index values can range from 0
to 1. Values that exceed 0.6 represent 'bio-
logically significant’ overlap in resource use
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(Wallace 1981). Besides this arbitrary cutoff, we also
compared the observed estimate of overlap to a distri-
bution of expected overlap values based on a null
model (random overlap); the distribution of null model
data came from 1000 randomizations of the resource
data (‘scrambled-zeros’ randomization algorithm: Wine-
miller & Pianka 1990). Simulations were performed
using EcoSim software (Gotelli & Entsminger 2001).
The observed overlap value is considered significantly
different from the null distribution if the observed
value is greater than (or less than) 95% of the
simulated index values (p < 0.05) (Winemiller & Pianka
1990). We restricted the overlap analysis to bluefish
and striped bass cohorts thought to be potential com-
petitors because of similarities in size. Overlap was
determined between spring-spawned bluefish and
age-1 striped bass and between summer-spawned
bluefish and age-0 striped bass.

The habitat overlap analysis was restricted to dates
when both species were captured in the same bay. The
proportion, p, was calculated using the number of fish
(species j or k) captured at Stn i divided by the total
number of fish (species j or k) captured at all stations
for that particular date and bay combination. Daily
estimates of habitat overlap are presented by month
and bay for spring-spawned bluefish and age-1 striped
bass in 1997 and 1998 and by year for summer-
spawned bluefish and age-0 striped bass. Data are
presented by year for the latter group because of low
sample size.

The diet overlap analysis was restricted to those
dates in 1998 when stomach-content data were avail-
able for both species within a bay. For these bay and
date combinations, the proportion by weight of a dif-
ferent prey types found in juvenile bluefish and striped
bass stomachs were used to calculate overlap. Prey
types used in the analysis were shrimp (sand shrimp
Crangon septemspinosa and shore shrimp Palae-
monetes spp.), mysids (Neomysis spp.), amphipods
(unidentified), polychaete worms (INereis spp. and
Glycera spp.), Atlantic silversides (Menidia menidia),
bay anchovy (Anchoa mitchilli), clupeids (Alosa spp.
and Brevoortia tyrannus), killifish (Fundulus spp.), and
‘other’ fishes (for remaining species, see Tables 1 to 4).
Daily estimates of diet overlap are presented by month
and bay for spring-spawned bluefish and age-1 striped
bass and by bay for summer-spawned bluefish and
age-0 striped bass.

Laboratory growth. There are 2 types of competi-
tion. Exploitative competition occurs when a dominant
competitor reduces the absolute amount of resource,
thus limiting the amount available to a subordinate
competitor. Interference competition occurs when a
resource becomes limiting to a subordinate because
the dominant reduces access to that resource; the

absolute resource level does not have to be in short
supply for interference competition to occur (Sih 1993,
Wootton 1998). There was no evidence from field col-
lections that the absolute amount of prey were limiting
(see 'Discussion’).

Therefore, a 60d growth experiment was conducted
to examine for interference competition in spring-
spawned bluefish and age-1 striped bass. Bluefish and
striped bass were collected in the Haverstraw Bay
region of the lower Hudson River estuary (41°10'N,
73°10" W) using beach seines. All fishes were immedi-
ately transported to James J. Howard Marine Sciences
Laboratory in Sandy Hook, NJ. and brought from low-
salinity (~3 ppt) to Sandy Hook Bay salinities (~22 ppt)
over 24 h. These fishes were then acclimated in round
tanks (1.8 m diameter, 0.6 m deep) with flow-through
seawater. Striped bass and bluefish were measured
(TL £ 1 mm), weighed (+£0.01g), and assigned (see
following paragraph) to 9 round mesocosms (2.3 m
diameter, 0.6 m deep, 2300 1) with flow-through sea-
water.

Three treatments were used to examine for inter-
ference competition. These were 8 bluefish (single-
species), 8 striped bass (single-species) and a 4 blue-
fish/4 striped bass (mixed-species) treatment. Each
treatment was replicated 3 times. Bluefish and striped
bass were assigned randomly to either single- or
mixed-species treatments. Tank densities (2 fish m™2)
were above bluefish and striped bass densities
observed from beach-seine hauls in the various bays
(<0.1 fish m2). Measurements (TL in mm and weight
in g) were made every 10 d.

The large-sized mesocosms used in this experiment
allowed ample space for separation of bluefish and
striped bass (in mixed-species tanks) as well as sep-
aration between predators and prey. This separation,
we hypothesized, would allow behavioral interactions
leading to interference between the 2 predator species
to occur. If this interference was significant, we would
expect growth rate of the subordinate in the mixed
tank to be lowered in comparison to that observed
within the single-species treatment.

Weighed amounts of live fish prey (Atlantic silver-
side and killifish Fundulus heteroclitus) were added to
all tanks daily; prey in tanks were never depleted com-
pletely. These species are the prey of bluefish and
striped bass in their native embayments (see Tables 1
to 4). Dead fish prey were removed and weighed daily.
Temperature was measured daily. Mortalities in blue-
fish (n = 11, resulting from a monogenetic trematode
Microcotyle pomatomi [see Weis 1995] predominantly
between Days 30 and 40) and striped bass (n = 1) were
replaced with fin-clipped individuals of similar size
from a laboratory-acclimated population. In this way,
growth of the original fishes could be monitored sepa-
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rately from new additions; growth data from new addi-
tions were not included in the final analysis. The pur-
pose of these additions was to keep density-dependent
influences on growth rate constant throughout the
experiment. Mortalities were spread across all bluefish
tanks with losses of 2, 4, and 3 from the single-species
bluefish tank replicates and losses of 1, 1, and 0 from
the mixed-treatment replicates.

Mixed- versus single-species growth was com-
pared using a repeated-measures analysis of variance
(ANOVA) with weight as the dependent variable and
day as the independent variable. This analysis was
performed separately for bluefish and striped bass.
Variation in size among individual fish was compared
between mixed- and single-species treatment for both
bluefish and striped bass at the beginning and end
of the experiment using the Levene test.

Ingestion rates of fishes in the mixed- and single-
species treatments were compared. Absolute ingestion
rate was calculated every 10 d by determining the
amount of food eaten by the fishes in a tank and divid-
ing by the number of fishes. Data are presented as
g food fish™! d°'. Bluefish and striped bass ingestion
rates could not be determined separately in the mixed-
species treatment. Absolute ingestion rate of the
mixed-species treatment was calculated as above and
represents an ‘average’' of striped bass and bluefish
ingestion. For comparison to these ‘average' ingestion
rate values, the mean of bluefish and striped bass
ingestion rates from the single-species treatment
values were calculated (i.e. ‘additive’ rates). Values of
‘average' ingestion that are higher or lower than the
‘additive’ ingestion would be suggestive of interactions
between the 2 species.

Relationship between field estimates of growth
rate, abundance, and water temperature. Annual esti-
mates of the growth rate of age-1 striped bass and
spring-spawned bluefish were determined for 1986 to
1998 (bluefish size data were not collected in 1984
and 1985) from data collected during NYDEC beach-
seine monitoring of western Long Island bays. Sam-
pling has occurred from May through August in all
years. Growth rate (mm d!) of striped bass and blue-
fish was estimated as the slope of a least-squares
regression fit of fish length (TL) on date of capture.
An index of abundance was determined as the geo-
metric mean catch-per-unit-effort (CPUE) for both
striped bass (May to August) and bluefish (July to
August) by year. The effect of the heterospecific's
abundance on growth rate was examined after 2 other
factors were also taken into account; these were water
temperature and conspecific abundance. A multiple
regression analysis with age-1 striped bass growth
rate as the dependent variable and water temperature
(mean of monthly means for May, June, July, and

August), striped bass density, and bluefish density as
independent variables was performed. Similarly, the
influence of water temperature (mean of monthly
means for July and August) bluefish density, and
striped bass density on annual estimates of spring-
spawned bluefish growth rate was examined using
the same analysis.

RESULTS
Field resource partitioning
Food habits

A total of 602 juvenile striped bass were examined
for dietary analyses from 1997 and 1998 collections. Of
these, 224 were age-0 striped bass (1997 = 100; 1998 =
124) and 378 were age-1 striped bass (1997 = 109;
1998 = 269). In 1998, a total of 208 young-of-the-year
bluefish (spring-spawned = 147; summer-spawned =
61) were examined for gut contents.

Diets of age-0 and age-1 striped bass were domi-
nated by sand shrimp (Crangon septemspinosa) in
1997 and 1998 (Tables 1 to 3). Other important prey
types included mysids, amphipods, horseshoe crab
eggs/juveniles, and polychaete worms (mostly Nereis
spp.). Fish prey (Atlantic silversides, killifish, and bay
anchovy) became an important prey item of age-1
striped bass starting in mid-summer and fall (Tables 1
& 2); these same fish prey made up 25 to 30% (by
weight) of age-0 striped bass diets in 1997 and 1998.

In 1998, the spring- and summer-spawned bluefish
diet was dominated by fish prey although their diets
included some invertebrate prey (Table 4). Important
fish prey included Atlantic silversides, bay anchovy,
and Atlantic menhaden.

Habitat and diet overlap

Habitat and diet overlap were examined when there
were both small and large differences in bluefish and
striped bass body size. Age-1 striped bass collected in
May averaged 121 mm TL (range = 77 to 261 mm) prior
to bluefish entry, and by fall averaged >200 mm TL
(range = 164 to 296 mm) (Tables 1 & 2). Spring-
spawned bluefish recruited to bays in late June when
their size (~70 mm, range = 51 to 90) was smaller than
that of age-1 striped bass, and by fall this cohort had
reached sizes (TL = 176 mm, range 155 to 234) that
overlapped with age-1 striped bass (Table 4). Age-0
striped bass were captured in September and October
of 1997 (90 to 157 mm TL) and August through October
of 1998 (39 to 156 mm TL); this time period overlaps
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with the presence of similar-sized summer-spawned
bluefish (42 to 152 mm TL) (Tables 3 & 4).

The capture of juvenile bluefish and striped bass in
the same beach-seine hauls during the summer was
infrequent. Habitat overlap of spring-spawned blue-
fish and age-1 striped bass was low (a < 0.6) during the
summer months, with high overlap (a > 0.6) occurring
predominantly in October of 1997 and 1998 (Fig. 3A).
Of 18 null-model tests with these data, in July and
August 7 out of 9 observed values were below the
mean expected, while in September and October 6 out
of 9 were above the expected mean. However, none of
the observed overlap values were significantly higher
or lower than expected, suggesting random overlap.
There was no trend in habitat overlap when examined
by bay (Fig. 3B).

Values of habitat overlap were low for summer-
spawned bluefish and age-0 striped bass in both 1997
(o< 0.6) and 1998 (6 out of 7 a < 0.6) (Fig. 3C). Of 10 null
model tests with these data, only 1 observed value was

significantly higher than expected (p < 0.001); the re-
mainder were not statistically significant from random.

Diets of juvenile bluefish and striped bass differed.
Spring-spawned bluefish and age-1 striped bass diet
overlap was low (a < 0.6) (Fig. 4A,B). Eleven null-
model simulations were performed for spring-spawned
bluefish and only 1 observed value was significantly
higher than expected (p = 0.040); the remainder were
not statistically significant from random. Diet overlap
between summer-spawned bluefish and age-0 striped
bass were also below 0.6 during 1998 (Fig. 4C). Out of
6 null-model tests, 5 were not statistically significant
from random; the significant observed value was
higher than expected (p = 0.037).

Laboratory growth

The initial mean sizes of bluefish were 16.9 g (0.30
SE) 124 mm TL, and 16.6 g (0.22 SE), 121 mm TL in the

Table 1. Morone saxatilis. Stomach contents of age-1 striped bass from 1997 beach seine collections in western Long Island.
% F: proportion of stomachs (with food) containing a prey type, % W: proportion contribution of identifiable prey to diet by
weight. TL: total length

Prey type Jun Jul/Aug Sep/Oct

% F % W % F % W % F % W
Invertebrates
Sand shrimp 41.0 424 33.3 12.2 31.6 34.0
Shore shrimp 2.6 1.3
Mysids 48.7 6.5 27.8 8.2
Amphipods 41.0 4.3 22.2 0.7 5.3 <0.1
Polychaete worms 38.5 28.8 22.3 6.8 21.1 15.7
Mpya sp. siphons 2.6 1.1
Lady crab 5.3 4.0
Blue crab 5.3 1.1
Copepod 2.6 <0.1
Horseshoe crab eggs/juveniles 41.7 44 .4
Unidentified gastropod 2.6 3.5
Unidentified shrimp remains 10.3 1.8 5.6 1.1
Unidentified crust. remains 2.6 0.1
Total inverbrates 100.0 89.9 77.8 73.4 47.4 54.8
Fishes
Bay anchovy 10.5 0.4
Atlantic silverside 30.6 18.4 15.8 15.7
Killifish 111 3.7 21.1 23.2
Atlantic tomcod 2.6 5.2
Three-spined stickleback 2.6 0.3
Sand lance 2.6 2.9
Goby 5.3 1.6
Unidentified fish remains 10.3 0.3 25.0 1.5 211 4.3
Total fishes 17.9 8.7 52.8 23.6 57.9 452
Other?® 5.2 1.4 2.8 3.1
Total stomachs analyzed 48 37 24
Number containing prey 39 36 19
Mean TL (mm) (SE) 134 (4) 152 (5) 236 (6)
TL range (mm) 78-207 96-241 164-296
Mean wt (g) (SE) 28.3 (2.8) 39.5 (4.6) 139.5 (9.4)
“Pebbles and bivalve shells
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Table 2. Morone saxatilis. Stomach contents of age-1 striped bass from 1998 beach seine collections in western Long Island and
Staten Island. % F: proportion of stomachs (with food) containing a prey type, % W: proportion contribution of identifiable prey to
diet by weight. TL: total length

Prey type May Jun Jul Aug Sep/Oct

% F %W %F %W % F % W % F % W % F % W
Invertebrates
Sand shrimp 17.02 8.5 9.6 4.7 55.9 42.3 75.6 60.4 29.2 11.5
Shore shrimp 4.3 3.1 4.3 2.7 2.9 <0.1 15.6 1.6 25.0 8.3
Mysids 17.0 29.0 30.9 18.5 32.4 19.2 4.4 1.5 8.3 0.3
Amphipods 21 <041 31.9 4.7 20.6 3.4
Polychaete worms 49.0 15.4 32.0 326 8.8 2.0 4.4 0.7 4.2 3.3
Mya sp. siphons 10.6 0.8 2.9 0.1 4.2 0.6
Lady crab 6.7 4.9
Blue crab 2.2 1.6
Hermit crab 2.2 0.4
Crab zoeae/megalop 23.4 6.9
Copepod 5.3 0.6
Isopod 2.1 0.3
Horseshoe crab eggs/juveniles 2.1 1.2 9.6 18.0
Ctenophore 4.2 1.2
Unidentified shrimp remains 12.8 4.2 7.4 2.9 59 2.0 2.2 0.5 4.2 0.9
Unidentified crust. remains 6.4 1.4 23.4 2.8 8.8 1.6 4.4 0.4 20.8 4.1
Total invertebrates 89.4 63.9 95.7 944 94.1 70.6 95.6 72.0 75.0 30.2
Fish
Bay anchovy 4.3 26.1 2.9 0.6 6.7 4.8
Atlantic silverside 5.3 4.4 14.7 15.1 20.0 12.6 8.3 11.1
Alosa sp. 4.4 0.4
Killifish 2.9 4.5 2.2 4.5 12.5 31.5
Northern kingfish 6.7 3.7
Winter flounder 4.2 9.9
Sand lance
Goby 2.9 3.4
Unidentified fish remains 21.3 9.6 7.4 1.3 294 5.7 6.7 0.5 25.0 17.2
Total fishes 234 35.7 12.8 5.7 47.1 29.3 33.3 26.5 37.5 69.7
Other?® 2.1 0.2 2.9 <0.1 4.4 1.6
Total stomachs analyzed 62 100 35 48 24
Number containing prey 47 94 34 45 16
Mean TL (mm) (SE) 121 (5) 129 (2) 144 (3) 167 (3) 216 (5)
TL range (mm) 77-261 90-168 101-193 117-210 170-258
Mean wt (g) (SE) 23.6 (4.5) 25.0 (1.2) 34.2 (2.3) 47.1 (2.9) 113.3 (8.0)
“Pebbles, bivalve shells, vegetation, and detritus

single- and mixed-species treatments, respectively.
Initial mean sizes of striped bass were 14.9 g (0.33)
(115 mm TL) in the single-species tanks and 15.8 g
(0.53) (117 mm TL) in the mixed-species tanks. Values
of initital mean weight did not differ within species
across treatments (bluefish: Student's t=0.584, df =4,
p = 0.590; striped bass: Student's t = 1.456, df =4, p =
0.219). Temperature was relatively stable during the
experiment (mean = 22°C, range = 20-23°C).

Bluefish and striped bass grew rapidly over time
(Table 5, Fig. 5). However, there were no significant
differences in growth between bluefish from the
single- and mixed-species treatments; this was also
true for striped bass growth in single- versus mixed-
species treatments (Table 5, Fig. 5). The variances
among individual fish were calculated by tank; no dif-
ferences were found between mixed- versus single-

species treatments within a species at the beginning or
end of the experiment (Levene's test, p values > 0.05
for all species/time period combinations).

The ‘additive’ ingestion rates were similar to ‘aver-
age' ingestion rates throughout the experiment (Fig. 6).
Estimates of mean ingestion rate from the mixed-spe-
cies treatment that deviated the most from ‘additive’
ingestion (Days 30 to 40 and 40 to 50: Fig. 6) were
not significantly different (t-test: p values > 0.05) from
‘additive’ ingestion values for these periods.

Relationship between field estimates of growth rate,
abundance, and water temperature

Multiple regression analysis revealed that annual
estimates of age-1 striped bass growth rate were not
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Table 3. Morone saxatilis. Stomach contents of age-0 striped bass from 1997
and 1998 beach seine collections in western Long Island and Staten Island.
% F: proportion of stomachs (with food) containing a prey type, % W: pro-
portion contribution of identifiable prey to diet by weight. TL: total length

competition did not occur between striped
bass and bluefish held in mixed-species
treatments in a laboratory experiment.
Additionally, annual field estimates of

growth rate for striped bass and bluefish

Prey type 1997 1998 were not related to their heterospecific's
%E %W %E %W abundance.
Invertebrates
Sand shrimp 70.4 51.6 27.9 29.5
Shore shrimp 8.2 4.8 10.8 237 Field resource partitioning
Mysids 28.6 8.9 22.5 5.1
Amphipods 5.1 0.1 36.9 6.4 .
Polychaete worms 10.2 2.8 15.3 6.7 Food habits
Mya sp. siphons 1.0 <0.1 0.9 0.4
Blue crab 0.9 0.1 ; _ _
Unidentified shrimp remains 10.2 1.7 3.6 1.0 The diet data for age-0 and ag? !
Unidentified crust. remains 79 1.8 striped bass presented here are the first
Total invertebrates 89.8 69.9 91.0 74.7 for western Long Island and Staten Island
Fish bays. These bays serve as a nursery habi-
1shes . .
Bay anchovy 6.1 31 14.4 6.8 tat for several age classes of juvenile
Atlantic silverside 6.1 6.1 3.6 9.4 striped bass from the Hudson River pop-
Killifish 6.1 7.6 0.9 2.1 ulation (McKown et al. 1999).
Goby 2.0 0.7 1.8 3.2 Th milariti d diff
Unidentified fish remains 357 125 13.5 3.6 €re were sunranties and ditlerences
Total fishes 51.0 30.0 29.7 25.1 between age-0 stn_ped bass diets in our
study compared with past research. The
Other?® 1.0 0.1 2.7 di . .
04 iets of age-0 striped bass included small
Total stomachs analyzed 100 124 invertebrate prey (e.g. amphipods, my-
Number containing prey 98 111 sids) which was similar to diets of age-0
I"}/f;gi;; (&?)(SE) 331 1(51; 2371(533 fish in the Hudson River estuary (Gar-
Mean wt (g) (SE) 18.6 (0.7) 8.9 (0.9) dinier & Hoff 1982, Hurst & Conover 2001)
2Pebbles. vegetation. and detritus and other mid-Atlantic Bight estuaries
'V 10n, 1tu
g (Markle & Grant 1970, Boynton et al. 1981,

significantly related to mean water temperature, abun-
dance of spring-spawned bluefish, or abundance of
age-1 striped bass (R = 0.333, F; ¢ = 0.373, p = 0.775).
Additionally, there was no relationship between annual
estimates of bluefish growth rate and mean water tem-
perature, striped bass abundance, or bluefish abun-
dance (R =0.234, F; g = 0.174, p = 0.911). The power of
the 2 multiple regression tests were relatively high
(~80 to 85%). Hence, there is no growth rate evidence
from the field which is suggestive of inter- or intra-
specific competition.

DISCUSSION

Overall, we found no evidence for competition
between juvenile striped bass and bluefish. Habitat
and diet overlap in New York Bight marine embay-
ments were generally low. For the majority of the
growing season, striped bass and bluefish were not
found in similar locations. Diets of juvenile bluefish
were dominated by fish prey while striped bass diets
were dominated by invertebrate prey. Interference

Hartman & Brandt 1995, Cooper et al.

1998). Diets of age-0 striped bass from our
study sites differed from other studies, including the
Hudson River estuary, because relatively large inver-
tebrates (e.g. the sand shrimp Crangon septemspinosa)
and fishes were important prey items.

The cause of diet differences between age-0 striped
bass in the Hudson River estuary and the bays where
we sampled could result from several factors. The
mean sizes of age-0 fish captured in the bays in mid-
summer are larger than those in the estuary (McKown
et al. 1999). Diet differences may reflect ontogenetic
differences. This does not appear to be the case, how-
ever, as age-0 striped bass (from 39 to 90 mm TL) in
1998 (a year with a large range in age-0 striped bass
sizes) ingested amounts of total invertebrates (120 % F,
64 % W) and total fishes (35% F, 36% W) similar to
those ingested by all sizes combined in 1998 (39 to
156 mm TL: Table 3). One potential reason for the
movement of age-0 striped bass into higher salinity
habitats may be to exploit larger and possibly higher-
energy prey such as decapods and fishes.

Diets of age-1 striped bass included a diverse group
of prey and varied by month. Invertebrates (e.g. sand
shrimp, polychaete worms, mysids) dominated the diet
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Table 4. Pomatomus saltatrix. Stomach contents of age-0 spring- and summer-spawned bluefish from 1998 beach seine collec-
tions in western Long Island and Staten Island. % F: proportion of stomachs (with food) containing a prey type; % W: proportion
contribution of identifiable prey to diet by weight. TL: total length

Sep Oct Summer-spawned
%F %W %F %W %F %W

Prey type Jun Jul Aug
%F %W %F %W %F %W

Invertebrates

Sand shrimp 8.1 1.1 28.6 13.8 16.7 8.6

Shore shrimp 16.7 1.0

Mysids 8.1 1.0 19.0 2.1 8.3 20

Amphipods 54 64 9.5 1.0 83 04

Polychaete worms 54 03 8.3 <0.1

Lady crab

Crab zoeae/megalop 286 5.6

Unidentified shrimp larvae 2.7 0.2

Unidentified shrimp remains 8.1 0.8 9.5 1.7

Unidentified crust. remains 8.1 0.6 4.8 <0.1

Total invertebrates 459 104 71.4 242 41.7 12.0

Fishes

Bay anchovy 10.8 27.5 8.3 2.7

Atlantic silverside 51.4 49.2 19.0 304 25.0 14.2

Atlantic menhaden 14.3 31.8 25.0 62.6

Killifish

Black sea bass

Sand lance

Sea robin

Bluefish

Unidentified clupeid
Unidentified fish larvae
Unidentified sciaenid

71 1.8 10.0 2.1
6.3 0.5 8.0 1.0
7.1 21 10.0 1.8

20 <01
21 02

2.0 <0.1
6.3 0.7 143 3.9 30.0 4.9

21 0.1 28.6 10.1 16.0 139

16.7 17.6 214 28.5 6.0 7.1
25.0 52.0 71 03 16.0 445
2.0 5.7
71 03
7.1 0.2
143 03
2.1 3.7
20.8 14.0
21.4 178
7.1 0.5

Unidentified fish remains 13.5 12.6 38.1 13.4 333 84 31.3 11.8 50.0 38.2 42.0 239

Total fishes 75.7 89.3 66.7 75.6 75.0 87.9 97.9 99.2 100.0 96.2 80.0 95.1

Other® 27 03 48 <01 42 <01 7.1 <01

Total stomachs analyzed 42 23 13 52 17 61

Number containing prey 37 21 12 48 14 50

Mean TL (mm) (SE) 69 (1) 110 (4) 145 (4) 199 (2.6) 176 (3) 109 (4)

TL Range (mm) 51-90 73-134 117-166 128-258 155-234 42-152

Mean wt (g) (SE) 3.1(0.2) 12.2 (1) 27.6 (2.4) 86.8 (3.4) 55.6 (4) 15.0 (1.2)

“Rope fibers, vegetation, and sand
until late summer and fall when fishes (e.g. Atlantic (1995) also found an increased use of fish prey in late
silversides, killifish, and bay anchovies) became an summer and fall months for age-1 striped bass in the
increasingly more important part of age-1 striped bass Hudson River estuary and Chesapeake Bay, respec-

diets. Gardinier & Hoff (1982) and Hartman & Brandt tively. However, Manooch (1973) found that fish prey

Table 5. Pomatomus saltatrix and Morone saxatilis. Repeated-measures

analysis of variance with treatment (single- versus mixed-species) and time

as independent variables and weight as dependent variable for bluefish
and striped bass

Effect df SS F P
Bluefish

Treatment 1 58.11 0.43 0.549
Time 6 44251.98 356.88 <0.0001
Treatment x Time 6 104.16 0.84 0.552
Striped bass

Treatment 1 0.003 0.0001 0.993
Time 6 7743.05 418.58 <0.0001
Treatment x Time 6 7.68 0.41 0.862

(clupeids and engraulids) dominated the
diets of age-1 striped bass in Albemarle
Sound, North Carolina, throughout the
growing season. As with age-0 striped
bass, these patterns are likely to be driven
by a combination of an ontogenetic in-
crease in the ability to capture fish prey
and the availability of appropriately sized
fish prey.

Several studies have investigated the
diets of spring- and summer-spawned
bluefish in New York Bight bays (see
Buckel & Conover 1997 for references). In
order to characterize diet overlap between
bluefish and striped bass, it was necessary
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Fig. 5. Pomatomus saltatrix and Morone saxatilis. Mean (+SE)
individual fish weight vs day of growth experiment for blue-
fish and striped bass (in single- and mixed-species experiments)

to examine diets of bluefish that were captured within
the same bays and on the same dates as the striped
bass. We found that diets of age-0 bluefish were simi-
lar to those recorded in past studies in nearby bays;
dominant prey included Atlantic silversides and bay
anchovy (Juanes & Conover 1995).

Habitat and diet overlap

Although spring-spawned bluefish and age-1 striped
bass coexist in the same bays during the summer, these
fish did not appear to overlap in habitat use at the spa-
tial scale of our seine hauls. Similarly, Hartman (1965)
found that juvenile salmonids (coho salmon and steel-
head) occupied the same coastal stream habitats
but were found in different microhabitats during the
spring and summer (e.g. pools vs riffle). The bays we
studied were turbid, and monitoring of fish in different
habitats was not possible. Low habitat-overlap values
could result from bluefish and striped bass using sepa-
rate microhabitats or not using a specific habitat at the
same time. Age-1 striped bass may avoid areas where
spring-spawned bluefish occur given that bluefish are
an important predator on age-0 striped bass during
their first summer (Buckel et al. 1999). Winemiller
(1989) showed that piranhas may restrict access of
other piscivore species to open-water habitats during
the day in the Venezuelan llanos.

There are limitations to our habitat-overlap analysis.
First, because our sampling was only done during day-
light hours we may have missed habitat overlap at
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Fig. 6. Pomatomus saltatrix and Morone saxatilis. Mean (+SE)

absolute ingestion rate vs day of growth experiment for blue-

fish and striped bass in single-species and mixed-species

experiments. 'Additive’ feeding is the mean of single-species

ingestion rates for bluefish and striped bass (see '‘Materials
and methods' for explanation)

other periods of the diel cycle. Bluefish are known to
feed during daylight and crepuscular time periods
(Buckel & Conover 1997). Little is known about the diel
feeding chronology of age-1 striped bass; however, we
did find fresh prey in striped bass stomachs suggesting
at least some diurnal foraging. Secondly, our sampling
was restricted to the nearshore environment and over-
lap may have occurred in offshore habitats in these
embayments. Bluefish juveniles are known to use the
nearshore environment for feeding (Buckel & Conover
1997), but specific areas where juvenile striped bass
feed in the wild are not well defined.

The degree of habitat overlap may be size-depen-
dent. Spring-spawned bluefish and age-1 striped bass
had a higher overlap in October of 1997 and 1998,
when sizes were similar. We would expect this pattern
if similar-sized bluefish and striped bass had overlap-
ping diets, but diet overlap data for October do not
support this explanation.

Diet overlap between spring-spawned bluefish and
age-1 striped bass was low. This was not only due to
differences in the magnitude of piscivory between
bluefish and striped bass, but also due to differences in
piscine prey type: bluefish fed more on pelagic fish
(e.g. bay anchovy) whereas striped bass included ben-
thic fish prey (e.g. killifish) in their diet. Other studies
which have compared bluefish diet with co-occurring
species have similar findings. Age-O bluefish had
low diet overlap with several age classes of striped
bass (including age-1) in Chesapeake Bay (Hartman &
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Brandt 1995). Lucena et al. (2000) found little overlap
between bluefish and a sciaenid species in southern
Brazil during summer and fall. The 2 species did
exploit the same prey during the winter; however,
the authors felt that competition was unlikely because
of the high abundance of the mutual prey species
Engraulis anchoita (Lucena et al. 2000).

We examined for diet overlap when bluefish and
striped bass were sympatric. Differences in resource
use when 2 species are sympatric and allopatric
can indicate competitive interactions (Wootton 1998).
Age-0 bluefish use New York Bight bays during sum-
mer and early fall, while juvenile striped bass are asso-
ciated with these systems throughout the year. Striped
bass diets can be examined in the absence of bluefish
to determine if resource use differs (e.g. more fish
prey). A study of striped bass diets from November
through April in the lower Hudson River estuary
(mouth of the Hudson River and upper New York
Harbor) showed that the diet of striped bass (200 to
299 mm) was dominated by invertebrates (~80 %), with
the remainder of the diet composed of fishes (Dunning
et al. 1997). This pattern was also observed for over-
wintering age-0 striped bass (<200 mm) (Dunning et
al. 1997, Hurst & Conover 2001). Juvenile striped bass
do not increase their feeding on fish prey during
times of the year when bluefish are absent (although
seasonal changes in prey resources could confound
results); this provides further evidence that contempo-
rary competitive interactions between juvenile striped
bass and bluefish are not likely.

It is difficult to determine if competition is important
based on field overlap data because different conclu-
sions can be drawn from the same data (Colwell &
Futuyma 1971). For example, one interpretation of our
niche overlap data is that there is little chance for com-
petition between juvenile striped bass and bluefish
because these predators have low overlap in habitat
and diet. However, an alternative interpretation could
be that these 2 species exhibit resource partitioning
because of historical competitive interactions (e.g.
‘ghosts of competition past': Crowder 1986). One way
to resolve these opposing conclusions is by conducting
experimental manipulations (Colwell & Futuyma 1971,
Crowder 1986, Ross 1986).

Growth experiments

Field data were used to design the laboratory growth
experiment. Field collections provided evidence that
the only prey resource shared was fishes. Additionally,
fish prey did not appear to be a limited resource (in an
absolute sense) as small piscine prey items were
always at least 10 times more abundant than bluefish

and striped bass. Based on these observations, un-
limited fish prey was provided during the laboratory
experiment (see 'Materials and methods’). We hypoth-
esized that aggressive or territorial behavior from a
dominant would cause decreased growth in the sub-
ordinate.

Growth data from the laboratory experiment pro-
vided no evidence for interference competition be-
tween the 2 species. Spring-spawned bluefish and
age-1 striped bass from the mixed-species treatment
grew at the same rates as their conspecifics in the sin-
gle-species treatments. Although size is known to be a
dominant factor in competitive interactions (Sabo &
Pauley 1997), striped bass growth was not influenced
even when bluefish were nearly twice the weight of
the striped bass in the mixed-species tank. Growth
depensation in either bluefish or striped bass did not
occur. Overall, there was no evidence for a competitive
dominant during the experiment.

In contrast to our laboratory findings, past experi-
mental work in freshwater environments have found
competition using mixed- and single-species treatment
comparisons. Werner & Hall (1976) found that both
habitat use and growth differed in 3 Lepomis species
between mixed- and single-species treatments in small
ponds. Although ‘habitat use’ was not quantified in
our experimental tanks, qualitative observations found
that bluefish occupied the upper portion of the water
column while striped bass were more bottom-oriented,
particularly near the base of the stand pipes in both the
single- and mixed-species tanks. Persson (1987) found
that the presence of roach caused lowered perch
growth rates relative to perch growth when held in a
single-species treatment. This resulted from resource
limitation due to interspecific competition.

We assumed that fish prey was unlimited in New
York Bight marine bays, but this was not tested explic-
itly. Exploitative competition may occur in years when
the abundance of small piscine prey is low. Relative to
age-0 bluefish, Scharf (2001) has shown that age-1
striped bass have lower capture success on small
piscine prey; furthermore, they are not capable of cap-
turing relatively large piscine prey. In a laboratory
experiment with limited prey similar to the interfer-
ence competition experiment described above, blue-
fish grew more than expected and striped bass grew
less than expected compared to controls (Scharf 2001).
Testing the possibility of prey limitations in New York
Bight estuaries will require identification of the prey
types, sizes, and densities that are required to meet the
predatory demands of a range of striped bass and blue-
fish (and other piscivores) sizes and densities.

Long-term monitoring data suggest that exploitative
competition between bluefish and striped bass juve-
niles is not likely; annual field estimates of the growth
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rate of the 2 species were not related to the abundance
of potential competitors. The use of such ‘natural
experiments’ (Crowder 1986) has proven useful in
identifying competitive interactions. For example, a
negative correlation between annual young-of-the-
year largemouth bass growth and density of small
bluegill collected from Michigan lakes contributed evi-
dence that interspecific competition exists between
these 2 species (Olson et al. 1995).

Ingestion rate data allowed us to examine for inter-
actions such as facilitation or interference. There were
no differences in ingestion rates between the mixed-
and single-species ‘additive’ treatment in our experi-
ment, confirming that interference did not occur. Facil-
itation occurs when one species makes a prey more
susceptible to a second species. For example, bluefish
may cause prey that are using the surface as a refuge
to move to the bottom, where prey may be more vul-
nerable to striped bass attack (e.g. drive prey down-
ward: Sih 1993). The ingestion and growth rate data
from the laboratory experiment show that facilitation
did not occur between juvenile bluefish and striped
bass.

Implications

There is considerable interest in understanding the
mechanisms that affect population dynamics of blue-
fish in several areas of the world (see Juanes et al.
1996). On the east coast of the US, opposite patterns in
landings of striped bass and bluefish are hypothesized
to result from biological interactions between the 2
species (Fig. 1). Buckel et al. (1999) found that age-0
bluefish are important predators on age-0 striped bass
in the Hudson River estuary. However, this does not
appear to be an important interaction in Chesapeake
Bay (Hartman & Brandt 1995) and is not likely a factor
influencing patterns in striped bass landings in the
coastal fishery. Our results suggest that competition
between juvenile striped bass and bluefish is unlikely
to drive these patterns in population abundance.

Competition limits growth in the juvenile stages (in
which prey are invertebrates) of piscivorous species in
some freshwater systems (Persson & Greenberg 1990,
Olson et al. 1995). These juveniles are outcompeted
by more abundant fish species which feed on inverte-
brate prey. These negative competitive effects are
relaxed after the ontogenetic switch to fish prey (Pers-
son & Greenberg 1990, Olson et al. 1995). In the sys-
tem we studied, there was no evidence for competi-
tion in the juvenile stage; however, adult bluefish and
striped bass may have a higher overlap in diet as
striped bass become more piscivorous. In contrast
to the freshwater competitive interactions described

above, bluefish and striped bass occupy a similar
trophic level as adults. Older age classes (=age-2
striped bass and 2age-0 bluefish) may have increased
overlap in resources and a higher potential for com-
petitive interactions. For example, the highest diet
overlap values found between bluefish and striped
bass in Chesapeake Bay was between age 3+ striped
bass and age-1 and age-2 bluefish (Hartman & Brandt
1995). Future research efforts should focus on deter-
mining the importance of interference and exploita-
tive competition on the distribution patterns of adult
bluefish and striped bass.
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