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ABSTRACT: Structure and impact of the guild of epibenthic predators foraging on infaunal com
munities were measured in the Rhode River, a small mesohaline subestuary of Chesapeake Bay. 
Measures of long-term variation in guild structure (species composition, abundance, and size), patterns 
of prey utilization (stomach contents), and predator exclusion experiments assessed the interaction of 
guild structure and function. Monthly otter trawls from 1981 to 1988 caught 38 species, w hich utilized 
the subestuary on a markedly seasonal cycle with peak abundances during summer months. Species 
composition was significantly consistent among years, with the blue crab Callinectes sapidus, a sciaenid 
fish Leiostomus xanthurus or, in one year, Micropogonias undulatus, and the sole Trinectes maculatus 
comprising the dominant members of the guild. However, abundances of all 4 dominant species 
fluctuated significantly among years and, except for M. undulatus, among stations. Seasonally con
sistent patterns of population size structure showed that: L. xanthurus was composed of only 1 year
class recruiting in May; M. undulatus had 1 year-class with recruitment in November; T. maculatus was 
composed of 3 year-classes with recruitment in October; and C. sapidus Iiad a 2 year-class population 
with recruitment in late fall and spring. Despite marked juvenile growth over the season, ontogenetic 
changes in diets of the 4 species occur at sizes smaller than those comprising the populations. All 
predators consumed a diversity of infaunal prey early in the summer, but their diets varied significantly 
during the season as prey availability changed. L. xanthurus and T. maculatus consumed mainly 
amphipods and polychaetes early in the season, and took increasing frequencies of clam siphons later; 
while M. undulatus primarily consumed amphipods. C. sapidus consumed mainly whole clams, other 
blue crabs and fish, but shifted from amphipods early in the season to increased frequencies of clams 
late in the season. Dietary breadth and overlap within the guild reflected the generalized, overlapping 
diets of the 4 species, although dietary breadth varied with predator species and season. For all species 
stomach contents did not vary with sediment type. Natural densities of Macoma balthica, a major 
dietary component for C. sapidus, responded to annual fluctuations in crab abundance as well as to 
variation in clam recruitment. Experimental exclusion of predators from clams (M. balthica) placed in 
buckets in the subestuary significantly increased clam survival. Experimental exclusion of epibenthic 
predators at 5 stations in the subestuary resulted in significantly higher densities for 12 of 16 infaunal 
species as well as for total infaunal organisms and higher ratios of infaunal predators to prey. However, 
most infaunal species exhibited significant variation among stations, reflecting spatial variation in both 
predation intensity and prey abundances . Experimental exclusion of the epibenthic predators from plots 
of dyed sand showed that the guild caused major sedimentary disturbance to sediment depths of 10 cm, 
while low infaunal densities of subsurface deposit feeders caused comparatively little bioturbation. 
These experiments indicate that the guild's foraging activity not only has strong direct effects . on 
infaunal community structure, but that the guild also has significant indirect effects on infaunal 
community organization and patch dynamics which are highly variable in space and time. 

INTRODUCTION 

Predation by epibenthic fish and crabs can regulate 
the abundance and species composition of infauna in 
marine and estuarine soft-bottom communities (Vim
stein 1977, 1979, Peterson 1979, Holland et al. 1980, 
Dayton 1984, Quammen 1984). As a group of phy
logenetically and morphologically dissimilar species 
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utilizing overlapping benthic resources, these preda
tory fish and crabs can be viewed properly as a guild 
(sensu Root 1967) . In many shallow temperate ecosys
tems, particularly in estuaries, the abundance and 
species composition of epibenthic predatory guilds 
fluctuate dramatically on a seasonal cycle and among 
years (Holland et al. 1980, Livingston 1984, Jeffries & 

Terceiro 1985, Hines et al. 1987a, b, Horwitz 1987) . 
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Species composition and abundance of predatory 
guilds in marine communities also often vary in space 
along regional gradients of latitude, salinity, wave 
exposure, and other factors (Menge and Sutherland 
1976, Boesch 1977, Menge 1978a, b, Bertness et al. 
1981, Menge and Lubchenko 1981, Heck and Wilson 
1987), and even on localized spatial scales (Hines et al. 
1987a) . In soft-bottom communities, no single species 
dominates a predatory guild in a functional sense (i.e. 
as a keystone predator, sensu Paine 1966) (Peterson 
1979, Levinton 1982). Analyses of stomach contents 
indicate that component species of many guilds are 
dietary generalists with broadly overlapping but sig
nificantly different diets (Livingston 1984). Moreover, 
component species vary considerably in modes of 
locomotion, burrowing, and prey capture, which cause 
significant disturbance to sediments (Woodin 1981, 
1983, Van Blaricom 1982, Thayer 1983). Thus, the 
impact of a guild's predation on, and disturbance of, 
infaunal communities probably varies qualitatively as 
well as quantitatively in space and time with fluctua
tions in its species composition and abundance. 

In Chesapeake Bay, the blue crab Callinectes 
sapidus and several species of sciaenid and flat fish 
comprise the dominant members of the guild of epiben
thic predators foraging on infaunal invertebrates 
(Hines et al. 1987a, Horwitz 1987). The guild is active in 
warm summer months, while in winter the component 
species either depart from much of the estuary or 
become inactive. Experimental exclusion of this guild 
from the benthos in the lower and central portions of 
Chesapeake Bay demonstrated that infaunal abun
dance and species composition are drastically 
restricted by the guild's predatory activity (Vitnstein 
1977, 1979, Holland et al. 1980). However, there have 
been no experimental manipulations · of predator 
impact in lower salinity zones, where infaunal diversity 
is low from the outset, and thus may show limited 
response of species composition to variation in preda
tion pressure. Although the diets of most of the compo
nent species have been analyzed (Chao & Musick 1977, 
Laughlin 1982, Livingston 1984, Horwitz 1987, Smith & 

Coull 1987). there has been little attempt to assess the 
extent and seasonal variation of the guild's partitioning 
of the prey resource . Little attention has been paid to 
the effects of spatial variation of the predatory guild on 
infaunal communities on a local scale of hundreds to 
thousands of meters. There also has been little quan
titative assessment of the relative importance of the 
epibenthic guild in disturbing estuarine sediments 
compared to bioturbation by infauna (Rhoads & Young 
1971, Young 1971, Rhoads 1974, Brenchley 1981, 
Thayer 1983, Woodin 1983, Posey 1987) . 

The purpose of this paper is to analyze the structure 
and impact of the guild of epibenthic predators forag-

ing on macro-infauna in a small subestuary of the lower 
mesohaline zone in Chesapeake Bay. We utilize the 
guild concept to describe patterns of resource utiliza
tion by the predators, so that we can determine the 
major impacts of the guild upon those resources. We 
take the approach that guild structure and function in 
the community are integrally linked, requiring analysis 
of guild dynamics for a better understanding of the 
guild's predatory impact. Because our focus is on guild 
function and impact, we do not assess competitive 
interactions among guild members, as is sometimes 
inferred from patterns of resource partitioning (Cody 
1974). Rather, in describing guild structure we focus on 
several major variables that can affect a guild's utiliza
tion of resources: temporal and spatial variation in 
abundance and species composition, temporal varia
tion in size structure, and temporal and spatial varia
tion in utilization of food resources. To test the major 
effects of guild foraging activity upon benthic commun
ity structure, we conducted predator exclusion experi
ments focusing on spatial variation in infaunal respon
ses to altered predation pressure and on bioturbation. 
Instead of restricting our sampling to short periods of 
time and our experiments to designs unreplicated in 
space, we utilized a combination of mensurative and 
experimental approaches intended to reveal more 
accurately and realistically several major aspects of 
seasonal, annual, spatial, and functional variability 
characterizing predator-prey interactions of the guild 
in this ecosystem. 

METHODS 

Study site. This study was conducted from 1981 to 
1988 in the Rhode River (38°51' N, 76°32' W), a 485 
ha subestuary of the lower mesohaline zone of 
Chesapeake Bay (Fig. 1) . Aspects of the water quality, 
species composition, and population dynamics of 
infaunal invertebrates and fish in the subestuary have 
been described (Carrell 1978, Cory & Dresler 1981, 
Hines & Comtois 1985, Hines et al. 1987a, b). The 
subestuary is shallow (maximum depth = 4 m). with 
about 80 % of the bottom area composed of fine silt and 
clay and 20 % composed of fine to medium sand. 
Monthly mean water temperatures exhibited an annual 
cycle with a peak of 28 to 29 oc in July and a low of 2 to 
4 oc in January. A thermocline did not develop, and the 
water column was generally well-mixed, except during 
calm summer days when a continuous 1 to 2 oc gra
dient developed from surface to bottom as surface 
water heated. Supersaturated oxygen concentrations 
occurred frequently during midday in summer, but the 
water column occasionally exhibited hypoxic condi
tions (1 to 2 mg l- 1 dissolved 0 2) lasting few hours 
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Fig. 1. Map of Rhode River subestuary showing location of 
study site on Chesapeake Bay (inset) and sampling stations. 
Lines show location of otter trawl stations on muddy (A and B) 
and sandy (C) sediments. Roman numerals indicate locations 
of predator exclusion experiments on muddy (I, III and IV) and 
sandy (II and V) sed.iments. Location of the bioturbation 

experiment (Biot. Expt.) is also indicated 

during early summer mornings. Salinity cycled season
ally with monthly mean low salinities of 4 to 6 %o in May 
increasing gradually in summer and fall to monthly 
mean high salinities of 11 to 17 %o. Salinities during the 
study period of the 1980's were significantly higher 
than during the 1970's as a result of prolonged periods 
of drought (Hines et al. 1987a). 

Species composition and abundance of epibenthic 
fish and crabs. Species composition and abundances of 
epibenthic fish and crabs were estimated monthly from 
April to December over the 8 yr period from August 
1981 to December 1988 with otter trawls; winter sam
ples (January to March) were not taken because preda
tors were nearly absent then (Hines et al. 1987a, b). The 
trawl net had a 3-m-wide mouth, 5-cm mesh net body, 
7-mm mesh cod end liner, and a tickler chain. Trawls 
were pulled for a fixed distance of 900 m on 3 consecu
tive days at 3 stations: 1 at the head of the river over the 
mud bottom and 2 at the river mouth over mud and 
sand bottoms, respectively (Fig. 1). For each trawl, all 
organisms caught were identified to species and 
counted, and body sizes (total body length of fish, 
maximal carapace width of blue crabs) of a subset of 20 

to 40 haphazardly selected individuals of each species 
were measured to the nearest mm. When fewer than 
20 individuals of a species were caught, all were 
measured. 

Annual variation in species composition was tested 
by Friedman's randomized block method (Sokal & 

Rohlf 1981), in which significant x2 values indicated 
consistent species rankings among years and, thus, 
non-significant changes in species relative abundance. 
Differences in species abundance among stations and 
years in the trawl data were tested by ANCOV A 
(analysis of covariance) to remove effects of seasonal 
cycles in abundance following the methods of Holland 
(1985) and Hines et al. (1987a) . All data on species 
abundances were log10 transformed before analysis 
and Fmax tests (Sokal & Rohlf 1981) indicated 
homogeneity of variances after transformations . The 
effects of year, station, and year x station interaction 
on population abundance were tested after partitioning 
seasonal cycles in abundance using trigonometric 
functions sin(ct) and cos(ct) as covariates, where c = 

2(3.14/12) as the constant for converting time in months 
to radians and t = the number of the month of the 
sample. 

Diet. Stomach contents of blue crab Callinectes 
sapidus, spot Leiostomus xanthurus, croaker Micro 
pogonias undulatus, and hogchoker Trinectes macu
latus were analyzed using the following procedure 
similar to Hines (1982) . During 1982 and 1983, samples 
of each species were selected haphazardly from trawls 
at the sand and mud stations at the river mouth in June 
when infaunal prey abundances were high, and again 
in September following the summer season of intense 
predation. Sample sizes are reported in Appendix 1. 
Within each species, individuals of approximately the 
same size that were large enough to feed predomi
nantly on macro-infauna were selected to minimize 
potential effects of ontogenetic changes in diet within 
samples and between months of the season (e.g. 
Laughlin 1982, Smith & Coull 1987). These samples 
were placed on ice within 5 min of collection to prevent 
continued digestion of stomach contents before dissec
tion within 1 h. For each individual, body size 
(carapace width or total fish length) was measured to 
the nearest mm, and the foregut was removed, fixed in 
10 % formaldehyde, and stored separately in 70% 
EtOH. Each foregut was examined under a dissecting 
microscope, and the fullness of each stomach estimated 
visually as a percentage of the total volume occupied 
by the contents. The dissected contents of each 
stomach were identified to the lowest taxonomic level 
(19 species and other categories, Appendix 1), depend
ing on the extent of maceration and digestion, and the 
presence or absence, as well as the percentage by 
volume, of each category was estimated visually. Dry 
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weight of the total contents was determined to the 
nearest 0.01 mg. 

We used log-linear models (SAS Institute Inc. 1988) 
to test whether the frequency of occurrence of the 19 
food categories in predators' stomachs was independ
ent of predator species, month of the season, and 
sediment type, as well as interactions among factors. 
The 19 food categories also were used for comparison 
of diet breadth and overlap among species. Because a 
full stomach provided more information about the diet 
of the predators than did an empty one, an average diet 
composition for each species at each sampling period 
and station was calculated using the fullness of the 
stomachs as a weighting factor. The mean proportion of 
a food category in the diet is 

n 

L X;iYi 
j=1 

Pi = - 1--:-9--n----

L L X;iYi 
i=l j=1 

(1) 

where x;i is the proportion of the contents of the ith food 
category of the jth individual, and Yi is the fullness of 
the stomach of the jth individual. Diet breadth and 
overlap for each species were calculated as discussed 
in Colwell & Futuyma (1971) . Breadth of the kth species 
was 

4 

Bk = 1/:L Pk/ (2) 
k=1 

where Pki is the proportion of species k which is associ
ated with diet category j. The proportional overlap 
between 2 species k and (k + 1) was 

19 

ck(k+1) = 1 - V2 :L I Pki - P(k+1)j I (3) 
j=1 

for the j diet categories. The overall overlap of species k 
with the other 3 species was estimated by combining 
the frequencies of other species associated with diet 
category j and recalculating the overlap as above. 

Long-term population fluctuations of clams. To 
track long-term covariation of prey with predator popu
lations, abundance of the clam Macoma balthica was 
measured at the river mouth mud trawling station of 
the Rhode River 4 to 8 times per year from October 
1979 to November 1988. Although all other infaunal 
species were processed for other studies (e.g. Hines et 
al. 1987a), our focus was restricted to clams as a prey 
group consumed by only a single predator species 
Callinectes sapidus and composed predominantly 
(> 98 %) of a single prey species M . balthica at this 
station. This focus provided the treatest chance of 
observing prey responses to predator fluctuations. Ten 
cores, 0.008 m 2 x 35 cm ceep, were taken by SCUBA 
divers at haphazard locations within the station during 

each sampling period. Cores were sieved through 
0.5 mm mesh, fixed in 10 % formaldehyde with rose 
bengal, and all M. balthica counted. 

Predator exclusion experiment. Spatial variation in 
the impact of epibenthic predators was measured with 
a replicated, full-factorial predator exclusion experi
ment in 1981. Four cage treatments were deployed at 
each of 5 locations (Fig. 1) in the subestuary in early 
June, after the major spring recruitment season, but 
just before epibenthic predators became active (Hines 
et al. 1987a, b). The 5 stations spanned the axis of the 
river, with 3 stations located on muddy sediments and 2 
located on sandy sediments (Fig. 1) . At each station, the 
cage treatments were applied to replicated 0.25 m 2 

plots haphazardly placed within each location. The 
treatments consisted of: (1) full cages with a top and 4 
sides, n = 7; (2) partial cages with a top but only 2 sides, 
n = 3; (3) partial cages with 4 sides but no top, n = 3; 
and (4) uncaged sediment plots, n = 10. The cages 
were made of 12-mm meh galvanized hardware cloth 
bent into cubic shape 50 cm on a side but with no 
bottom and pressed 15 cm into the sediment to prevent 
predators from burrowing under the sides. All cages 
were checked weekly for fouling, but the cages 
remained clean throughout the experiment. After 6 wk, 
in mid-July, each experimental plot was examined for 
changes in sediment level and sediment size composi
tion, and sampled. A core 0.008 m 2 x 35 cm deep was 
taken from the center of each of the 115 plots. Each 
core was sieved through 0.5-mm mesh and fixed in 
10 % formaldehyde with rose bengal. The organisms 
retained by the sieve were examined under a dissect
ing microscope, identified to species, and enumerated. 
Differences in species abundance among treatments, 
stations, and treatments x stations in the predator 
exclusion experiment were tested by 2-way ANOV A 
after Fmax tests of log10 transformed data indicated 
homogeneity of variances. When 2-way ANOVA indi
cated significant interaction between main effects 
(cage treatment x station). mean abundances of each 
dependent variable (log abundance of each infaunal 
species) were tested for differences among cage treat
ments at each of the 5 stations using Tukey's simul
taneous test for unplanned multiple comparison of 
means with unequal sample sizes (see Day & Quinn 
1989) as modified by Cicchetti (1972) to avoid con
founded comparisons. To test whether reduction in 
predation pressure by epibenthic fish and crabs 
enhanced infaunal predatory versus non-predatory 
species (see Ambrose 1984, 1986, Wilson 1986). differ
ences in the ratio of infaunal predators (Nereis succinea 
+ Eteone h eteropoda x Carinoma tremaphorus) to 
infaunal prey (sum of other species) among treatments, 
stations, and their interaction were tested by ANOV A 
after Fmax tests of arcsine-squareroot transformed data 
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indicated homogeneity of data. Means were back 
transformed for graphical presentation. 

Bioturbation experiment. To test whether the forag
ing and movement of the epibenthic guild disturbed 
the sediments significantly in comparison to disturb 
ance caused by infauna, we conducted a bioturbation 
experiment in late summer (August 24 to September 7, 
1984), when densities of epibenthic predators were 
high but infaunal densities were low. The experiment 
was similar in design to the above predator exclusion 
experiment in that the same 4 cage treatments were 
used. Each 0.25 m2 experimental plot in the 4 treat
ments was covered with a 2 to 3 cm thick layer of dyed 
sand at the start of the experiment, so that the preda
tory guild was allowed access to some of dyed sand 
plots (uncaged and 2 types of partial cage treatments) 
but was prevented from disturbing dyed sand under 
full cages. Dyed sand was made by coating 80 [.tm 
masonry sand with polyurethane resin stained with 
rhodamine y dye. Thirteen plots of each of the 4 treat
ments were placed in a randomized grid in 1.5 m deep 
water on fine muddy sand (Fig. 1) . The dyed sand was 
carefully laid out by divers in temporary frames to 
produce a uniform layer on top of undisturbed natural 
sediment, and cages were placed on appropriate plots. 
Immediately after setting out the experiment, 3 plots 
from each of the 4 treatments were sampled as controls 
('Time 0') for potential disturbance of the sediment by 
the divers during deployment of the dyed sand and 
cages. The remaining 40 experimental plots were sam
pled after 2 wk by a 0.008 m 2 x 35 cm deep core from 
the middle of each sand plot. Intact cores were trans
ported upright back to the laboratory, and frozen until 
processing. During processing, we bisected each core 
longitudinally and photographed the longitudinal sec
tions in color under an ultraviolet light, which was 
reflected pink by the dyed sand particles. The photo
graphic transparencies were projected onto a fine mesh 
grid and the number of squares containing dyed sand 
particles were scored at intervals of about 1 cm depth 
below the sediment surface. The distribution of dyed 
sand into the natural sediment was taken as a measure 
of bioturbation, either by deposition of sediment on top 
of the dyed sand or by transport of the sand into the 
sediment, or both. Differences in vertical distribution of 
dyed sand among treatments were tested by Kol
mogorov-Smirnov tests of the mean cumulative dis
tribution of dyed sand along the vertical levels. 

After photographing, the cores were sieved through 
0.5-mm mesh and the retained organisms were pre
served in 10 % formaldehyde with rose bengal, iden
tified to species under a dissecting microscope and 
enumerated. Differences in species abundances among 
the 'Time 0' cores and those of the 4 experimental 
treatments were tested by ANOV A after Fmax tests of 

log transformed data indicated homogeneity of var
iances, although means were back transformed for 
presentation. 

In addition, the abundances of epibenthic fish and 
crabs at the experimental site were estimated during 
the 2 wk experimental period with a drop net similar in 
design to that described by Gilmore et al. (1978). The 
net was made from a 7-mm mesh minnow seine on a 
square frame 3 m on a side suspended above the water 
surface from a tripod. When the net was triggered 
remotely, the weighted bottom edge dropped to con
form to the contours of the sediment while the top of the 
net remained above the water surface. All animals 
were removed from the enclosure by seining re
peatedly until nothing could be caught and visual 
inspection by divers indicated that no fish or crabs 
remained. The drop net was deployed 20 times around 
the periphery of the experimental plots during the 2 wk 
period of the bioturbation experiment. 

Clam survivorship experiment. To clarify the effect 
of predator exclusion on a species which did not show a 
spatially consistent ranking among predator exclusion 
treatments we conducted an additional experiment on 
Macoma balthica, which comprised a large fraction of 
the stomach contents of blue crabs. We hypothesized 
that some of the spatial variability in the predator 
exclusion experiment resulted from lateral movement 
of prey out of the cage refuges , confounding the experi
ment. We measured the survivorship of 25 to 35 mm M . 
balthica placed in experimental buckets of mud set in 
1.5 m of water near the head of the subestuary (Fig. 1) 
from August 8 to September 28, 1981. The buckets 
prevented lateral movement of the clams out of the 
experimental plots. Four replicate 20 l buckets were 
assigned to each of 2 treatments: uncaged buckets, and 
buckets caged with 12-mm mesh galvanized hardware 
cloth in a cylindrical cap extending 20 cm above the 
bucket's rim. The mud in the buckets was collected 
from the subestuary and sieved through 3-mm mesh. 
Thirty clams were placed on the sediment surface of 
each bucket and allowed to bury over 24 h before 
placing the buckets into the subestuary. Preliminary 
tests showed that the 24 h period was long enough for 
the clams to bury to a constant average depth of 15 to 
25 cm. The number of live and dead clams after the 
experimental period was tested for independence of 
caging treatment by the Chi-squared distribution in a 
G-test. 

RESULTS 

Species composition of the guild 

Over the 8 yr of trawling, 38 species were caught, but 
only 6 species Leiostomus xanthurus, Anchoa mitchilli, 
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Table 1. Species composition of otter trawl catch in Rhode River subestuary from 1981 to 1988 

Common name Scientific name Percent 

Spot Leiostomus xanthurus 52.26839 
Anchovy Anchoa mitchilli 15.09858 
Blue crab Callinectes sapidus 12.57863 
Hog choker Trinectes maculatus 6.33187 
Silverside Menidia menidia 4.17429 
Croak er Micropogonius undulatus 2.53049 
Seatrout (Weakfish) Cynoscion regalis 1.88562 
Mummichog Fundulus heteroclitus 1.51498 
Menhaden Brevoortia tyrannus 0.98914 
Winter flounder Pseudopleuronectes americanus 0.74431 
Go by Gobiosoma bosci 0.16573 
Eel Anguilla rostrata 0.11902 
Summer flounder Paralichthys dentatus 0.11074 
Sheepshead minnow Cyprinodon variegatus 0.09868 
Oyster toadfish Opsanus tau 0.09567 
Skilletfish Gobiesox strumosus 0.06478 
White Perch Morone Americana 0.03616 
Blueback herring Alosa aestivalis 0.03616 
Stickleback Apeltes quadracus 0.03465 
Pipefish Sygnathus fuscus 0.02712 
Blenny Chasmodes bosquianus 0.01582 
Striped killifish Fundulus majalis 0.01506 
Horseshoe crab Limulus polyphemus 0.01281 
Spotted seatrout Cynoscion nebulosus 0.00979 
Harvestfish Peprilus paru 0.00979 
Bluefish Pomatomus saltatrix 0.00828 
Rockfish Morone saxatilis 0.00527 
Ale wife Alosa pseudoharengus 0.00527 
Banded killifish Fundulus diaphanus 0.00226 
Spotted hake Urophycis regius 0.00226 
Terepin Malaclemys sp. 0.00151 
Pumpkinseed Lepomis gibbosus 0.00151 
Red drum Sciaenops ocellata 0.00151 
Brown bullhead Ictalurus nebulosus 0.00075 
Rainwater killifish Lucania parva 0.00075 
Carp Cyprinus carpio 0.00075 
Sea robin Prionotus carolinus 0.00075 
Hickory shad Alosa mediocris 0.00075 

Callinectes sapidus, Trinectes maculatus, Micro
pogonias undulatus, and Menidia menidia accounted 
cummulatively for 95 % of the catch, while 28 species 
individually made up less than 0.5 % of the catch 
(Table 1). Species composition of the 38 species as 
measured by their rank order did not differ signifi
cantly among years (Friedman's method for ran
domized blocks, x2 = 207 .3, df = 37, p < 0.001) . Rank 
order of the 6 most abundant species and of the remain
ing 33 less abundant species also did not change sig
nificantly among years when the 2 groups were con
sidered separately (Friedman's method for randomized 
blocks, respectively: x2 = 15.7, df = 5, p < 0.01 ; x2 = 
135.8, df = 31, p < 0.001) . However, a major shift in 
species composition of the numerically dominant mem
bers of the guild occurred in 1983, when the abundance 
of L. xanthurus dropped drastically and the abundance 
of another sciaenid, M. undulatus, increased greatly 

(Fig. 2) . In 1987 L. xanthurus again comprised a low 
percentage of the catch, but M. undulatus did not 
increase (Fig. 2) . All common species exhibited similar 
large annual fluctuations in their relative abundance 
(Fig. 2). Of the 6 common species, only 4 L. xanthurus, 
T. maculatus, C. sapidus, and M. undulatus are known 
to be benthic feeders, while A. mitchilli and M. menidia 
are filter feeders and planktivores, respectively, in the 
water column and thus are not truly members of the 
epibenthic predatory guild (Carr & Adams 1973, Hor
witz 1987, Baird & Ulanowicz 1989) . 

Population dynamics and size structure of main guild 
species 

Analysis of the population dynamics of the 4 common 
predatory species showed that their abundances fluctu-



Hines et al.: Ecology of a guild of crabs and fish 111 

Fig. 2. Annual variation in species composition of otter trawl 
catch from 1981 to 1988 in Rhode River subestuary. Species 
order is arranged by rank of the 17 most abundant species in 

1981. Complete species names are listed in Table 1 

ated seasonally with peaks in summer and nearly no 
organisms caught in December and April (Fig. 3). 
When seasonal variation was partitioned by trigo
nometric functions using ANCOV A, each of the 4 
species varied significantly in abundance among years, 
while all but Micropogonias undulatus varied signifi
cantly among stations, and in year x station inter
actions (Table 2) . All of the species underwent several 
fold fluctuation in abundance among years; and the 
catch of most species was usually lowest at the station 
at the head of the subestuary, except in 1988, when 
abundances at this station were higher than at the 

mouth of the subestuary. Leiostomus xanthurus abun
dance declined markedly at all stations in 1983 and 
again to a lesser extent in 1987. M. undulatus increased 
markedly at all stations in 1983 and at 2 stations in fall 
of 1985, but it was absent in other years. The area 
sampled by each trawl was ea 1800 m 2 , and, assuming 
the gear had catch efficiencies of about 23 % for Cal
linectes sapidus, 21 % for L. xanthurus and M . 
undulatus, and 24 % for Trinectes maculatus as 
derived for these species with similar gear in similar 
habitat (Kjelson & Johnson 1978, Homer et al. 1980). 
the peak densities per m 2 of the 4 species fluctuated 
among years in the following ranges: C. sapidus = 0.08 
to 0.63; L. xanthurus = 0.01 to 3.8; M . undulatus = 0.0 
to 0.63; and T. maculatus = 0.05 to 0.18. 

Size frequency distributions of the 4 common epiben
thic species showed seasonal cycles in population 
structure which were distinct among species but con
sistent among years within each species (Figs. 4 and 5) . 
Both Leiostomus xanthurus and Micropogonias undu
latus populations were comprised of a single size-class; 
however, L. xanthurus moved into the Rhode River 
subestuary at about 35 mm in length in May, while M. 
undulatus entered the system at about 35 mm in length 
in November (Fig. 4). Both of these fish species showed 
rapid growth throughout the summer until L. xanthurus 
reached a modal length of 115 mm in November, and 
M. undulatus grew to about 175 mm in October. From 
December through April of each year, L. xanthurus was 
not present in the Rhode River, whereas small M . 
undulatus apparently overwintered in the subestuary 
in 1982/83 and again in lesser abundance in 1985/86 
before the 2 summers of relatively high abundance. In 
contrast to the 2 sciaenid species, the Trinectes 
maculatus population was composed of 3 size-classes, 
which had distinct modes at 45, 85 and 115 mm length 
in April, and which grew through the summer (Fig . 4). 
T. maculatus were first caught at a size of about 45 mm 
in late September and October, and low abundances of 
these recruits apparently remained in the subestuary 
over winter while the larger size-classes left. 

The Callinectes sapidus population exhibited 2 size
classes with modes at about 25 and 95 mm carapace 
width in both males and females in April (Fig. 5). These 
2 size-classes reflect recruitment of new juveniles and 
reactivation of overwintering crabs. The 2 size-classes 
showed rapid growth and maturation of the larger class 
throughout the summer until males had modes at about 
75 and 120 mm and females had modes at about 115 
and 155 mm. Small (ea 25 mm) crabs began recruiting 
into the subestuary in October and November. As indi
cated by comparing the size structure of the blue crab 
population in July for 1984 and 1985 (Fig. 6). the major 
increases in abundance of blue crabs in 1984 and 1985 
(Fig. 3) appear to have resulted from a single major 



112 Mar. Ecol. Prog. Ser. 67: 105-126, 1990 

§ 3 
Callinectes sapidus 

l 
>< n "i 

~ I! 2 .... ,, 
~ 
0.. , 
.c ,, 
" ,, ;; 
(.) 

c .. .. 
~ 0 

81 82 83 84 85 86 87 88 

8 2 Leiostomus xanthurus 
>< 
"i 
I! .... 
~ 
0.. 

.c 

" ;; 
(.) 

c .. 
:1 

82 83 84 85 86 87 88 

8 3 
>< 

Micropogonias undulatus 

"i 
I! 2 .... 
; 
0.. 

.c 
" ;; 
(.) 

c .. 
:1 0 

81 82 83 84 85 86 87 88 

§ 8 Trinectes maculatus 
>< 
"i 6 
I! .... 
~ 4 0.. 

.c 

" ;; 2 (.) 

c .. 
:1 

82 83 84 85 86 87 
Year 

recruitment of crabs in 1984, which carried over into 
the second year-class in 1985. In July 1984 the smaller 
size-class comprised 73 % of the population and the 
large size-class was 27 % of the population ; after grow
ing until July 1985 the first size-class comprised 67 % 
and a new small size-class was 33 % of the population 
(Fig. 6) . 

89 

89 

89 

Fig. 3. Population abundances of the 4 common species 
in the guild of epibenthic predators in the Rhode River 
subestuary. Monthly mean numbers of individuals p er 
otter trawl are plotted for each of the 3 stations shown in 
Fig. 1. Continuous line: Stn A; dotted line: Stn B; dashed 

line: Stn C 
89 

Diet 

Analysis of stomach contents of the 4 dominant 
epibenthic predators indicates that the guild foraged 
extensively on infaunal invertebrates. Most of the 
stomach contents were identified easily, and only 5 to 
20 % of the contents were too macerated and partially 

Table 2. Analysis of covariance of otter trawl catch for the 4 dominant members of the guild of epibenthic predators in the 
Rhode River subestuary from 1981 to 1988 (see Fig. 3) . Trigonometric functions were used as covariates to partition varia
tion due to seasonal cycles while testing for effects of year and station, as well as their interaction. F-values are shown; 

p = • • • < 0.001, • • < 0.01, • < 0.05, NS = not significant 

Species Year Station Year x Station 

Callinectes sapidus 51.98 ••• 45.39 ••• 3.91 ••• 
Leiostomus xanthurus 32.o8· • • 4.64 •• 1.86. 
Micropogonias undulatus 3.83 •• 0.63NS 0.79NS 
Trinectes maculatus 13.87' •• 78.61 ••• 5.96 ... 
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for the 3 common species of fish in the guild of 
epibenthic predators. Average monthly size-
frequency distributions of fish in otter trawl 
catches in the Rhode River from 1981 to 1988 
are plotted. Measured sample sizes are indi-
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digested to identify to taxon. Remarkably little sedi
ment and detritus, and almost no plant material, were 
found in their stomachs. Stomachs of Callinectes 
sapid us contained mainly (30 to 55 %) clams with 
lesser amounts of fish and blue crabs , as well as about 
25 % amphipods in June (Fig. 7, Appendix 1). Leio
stomus xanthurus consumed primarily Macoma bal
thica siphons and small crustaceans, along with 
meiofauna in June and a variety of polychaetes 
throughout the year (Fig. 7, Appendix 1) . Micro
pogonias undulatus fed extensively on amphipods in 
June, but we have no data for this species in September 
(Fig. 7, Appendix 1). Trinectes maculatus also fed 
extensively on amphipods as well as on ea 20 to 25 % 
M. balthica siphons and a variety of polychaetes (Fig . 7, 
Appendix 1) . The frequency of occurrence of particular 
food items in predator stomachs varied significantly 

BODY LENGTH (mm) 

among species for all but two of the 19 food categories 
(Table 3; log-linear analysis, p < 0.05). The presence 
of only 7 food categories in predators ' stomachs varied 
significantly between months (June, September) 
(Table 3; log-linear analysis, p < 0.05). The incidences 
of other blue crabs and clams in Callinectes sapidus 
stomachs increased significantly later in the season, 
while am phi pods declined (Fig. 7, Appendix 1; log
linear analysis, p < 0.01). The incidence of M . bal
thica siphons. increased significantly in L. xan
thurus and T. maculatus later in the season, while the 
incidence of meiofauna in L. xanthurus declined 
(Fig. 3, Appendix 1). The presence of all of the food 
categories was independent of sediment type 
(Table 3). Although the presence of 7 food categories 
in predators' stomachs depended on the interaction 
between predator species and month of the season, 
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Fig. 5. Seasonal cycles of population structure for male and 
female blue crabs. Average monthly size-frequency distribu
tions of crabs in otter trawl catches in the Rhode River from 
1981 to 1988 are plotted. Stippled histograms indicate mature 
females. Measured sample sizes are indicated for each 
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there were no other significant interactions 
(Table 3). 

Indices of dietary breadth and overlap within the 
guild reflected aspects of both shifting specialization 
and considerable overlap among the predators 
(Table 4). Although the guild as a whole consumed the 
diverse array of food categories (Appendix 1), none of 
the samples for a species approached the theoretical 
maximum value of 19. Ranging toward the specialized 
end of the spectrum with values from 1.9 to 6.1, dietary 
breadth varied with predator species, season, and to a 
lesser extent with sediment type. However, no pattern 
of variation in diet breadth was apparent. For example, 
Trinectes maculatus had both the narrowest and the 
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Fig. 6. Size-frequency distributions of blue crabs in summers 
(July) of 1984 and 1985 showing the shift in age distribution 
from more than two thirds of the population in the first year
class to nearly two thirds in the second year-class following a 

major recruitment of crabs in 1984 

broadest indices. Whereas dietary breadth in Callinec
tes sapidus was wider in June than September, dietary 
breadth in T. maculatus and Leiostomus xanthurus 
tended to be wider late in the season. Diet breadth 
indices were similar for the 2 sediment types in C. 
sapidus and Micropogonias undulatus but tended to be 
different in T. maculatus and L. xanthurus, although 
the broader index was not consistently associated with 
either of the sediment types. Dietary overlap of each of 
the species with other guild members was fairly high 
(54 to 73 %) and uniform across months of the season 
and sediment types (Table 4). Pairwise overlaps be
tween the fish species were similarly high (43 to 77 %) 
and fairly uniform; however, pairwise dietary overlaps 
between C. sapidus and the fish were considerably 
lower (4 to 30 %), particularly late in the season when 
crabs fed extensively on clams and on other blue crabs 
while fish took siphons and an array of infauna. 
Although these indices of breadth and overlap do not 
provide for statistical tests of significance (Colwell & 

Futuyuma 1971), we are confident in the reality of their 



Hines et al.: Ecology of a guild of crabs and fish 115 

75 

50 

25 

0 

c: 75 

QJ 

~ 50 
QJ 
a. 

25 
(f) 
f-

0 z 
w 
f-

75 z 
0 
u 50 
I 
u 25 <I 
::;: 
0 0 f-
(f) 

I = Mud 0 = Sand 

JUNE SEPTEMB ER 

NO DATA 

Collinectes 
soptdus 

Leioslomus 
xonlhurus 

Micropoqnias 
undulolus 

Trinectes 
macula Ius 

Fig. 7. Composition of stomach contents of the 4 common 
species of epibenthic predators in the Rhode River subestuary. 
Fraction of stomach contents indicated for each of 9 food 
categories in June and September for samples collected by 
otter trawl over muddy and sandy sediments at Stns B and C 

in Fig. 1 

general patterns. The patterns are consistent with both 
the stomach content data and the ranges of variability 
observed in other guilds (e.g. Hines 1982, Livingston 
1984). 

Population fluctuations of blue crabs and Macoma 
balthica 

Abundances of Macoma balthica at the river mouth 
exhibited a pattern of fluctuations apparently respond
ing to variation in predatory blue crabs as well as 
recruitment of larval clams (Fig. 8) . Prey densities were 
low at about 200 clams m- 2 in 1979/80, and no data are 
available for predator abundance during this period. In 
the spring of 1981, prey densities increased markedly, 
reaching a peak of ea 2700 clams m- 2 in early summer 
1981. Clam densities following this major recruitment 
peak declined precipitously as predators became active 
throughout the summer. However, clam densities 
remained relatively constant at a new, elevated level of 
ea 600 to 700 clams m- 2 throughout 1982, 1983 and 
early 1984, with more typical spring recruitment peaks 

Table 3. Log-linear analysis of independence of stomach con
tents for predator species (Callinectes sapidus, Leoistomus 
xanthurus, Micropagonias undulatus, Trinectes maculatus), 
month of season (June, September). and sediment type (mud, 
sand). UP: unidentified polychae tes; DAT: digested animal 
tissue . Main and all interactive effects of sediment type were 
not significant, and are not listed. Chi-square values are shown 
only for main e ffects and interactions of predator and month. 

p = • < 0.05, • • < 0.01, • • • < 0.001, NS = not significant 

Contents category Predator Month Predator 
x Month 

Callinectes sapidus NS 
Fish NS NS 
Clams 
Macoma balthica siphons 
Copepods NS 
Nematodes NS 
Mysids 
Cyathura polita NS NS 
Corophium lacustre NS NS 
Leptocheirus plumulosus NS 
Chironomids NS 
Heteromastus filiformis NS NS 
Eteone he teropoda NS NS 
Nereis succinea NS NS 
Scolecolepides viridis NS NS 
UP NS 
DAT NS NS 
Detritus NS NS 
Sediment NS NS 

of ea 800 to 1000 clams m- 2 . During this period, crab 
densities were relatively low each summer, with peaks 
coinciding with the summer decline in clams. During 
late 1984 to 1987, clams showed little recruitment and 
densities declined progressively to low levels approx
imating those in 1979/80. The return of clam densities 
to this low level coincided with the marked increase in 
crab abundances in the summers of 1984 and 1985. 

Predator exclusion experiment 

Neither fouling , changes in sediment level, nor 
changes in the size fractions of sediments (ANOV A, 
p > 0.2) occurred in any of the treatments at any of the 
5 stations during the experimental period, so we 
judged cage artifacts to be minimal, especially in view 
of the experimental design of deploying cages after the 
spring period of infaunal recruitment. Observations of 
the cages by divers during the experiment indicated 
that no crabs or fish larger than 12 mm entered any of 
the full cages. Blue crabs readily entered the 2 types of 
partial cages (no top and two-sided). but no sciaenids 
and only rare flat fish were observed within the partial 
cages. Densities of infaunal invertebrates did not differ 
significantly between the no-top and 2-sided cages for 
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Table 4 . Dietary breadth and overlap based on stomach contents by month and sediment type. Values of dietary breadth for the 19 
food categories in Appendix 1 have a theoretical range from 1 for a perfect specialist on one food item to 19 for a perfect generalist 

feeding on all items equally. Dietary overlap values indicate fraction of diet in common ranging from 0 to 1.0. ND: no data 

Dietary Overlap with 
breadth guild 

Callinectes sapidus 
June 

Mud 5.13 0.61 
Sand 4.75 0.58 

September 
Mud 2.86 0.54 
Sand 2.66 0.55 

Trinectes maculatus 
June 

Mud 1.91 0.71 
Sand 2.70 0.69 

September 
Mud 5.57 0.69 
Sand 6.13 0.69 

Leiostomus xanthurus 
June 

Mud 4.78 0.65 
Sand 2.45 0.72 

September 
Mud 3.63 0.69 
Sand 5.66 0.73 

Micropogonias undulatus 
June 

Mud 2.48 0.64 
Sand 2.79 0.71 

September ND ND 

any species across all stations and at each station indi
vidually (1-way ANOVA, p > 0.09), so data for the 2 
types of partial cages were pooled in subsequent ana
lyses of cage treatments. Both the effect of the partial 
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Fig. 8. Covariation of predatory blue crab (dashed line) and 
Macoma balthica prey (continuous line) populations in the 
Rhode River. Mean densities of clams in benthic cores at Stn 

IV, and of blue crabs in otter trawls at Stn B are plotted 

Pairwise dietary overlap 

Micrapogonias Leiostomus Trin ectes 
undulatus xanthurus maculatus 

0.36 0.30 0.28 
0.28 0.22 0.25 

ND 0.06 0.11 
ND 0.08 0.04 

0.67 0.44 
0.63 0.73 

ND 0.43 
ND 0.56 

0.45 
0.77 

ND 
ND 

cages in excluding predatory species differentially and 
the lack of any apparent cage artifacts indicate that the 
partial cages did not function as true cage controls. We 
think that these cages should be viewed simply as 
another type of treatment that reduced the access to 
infaunal prey by some predators but not by others, 
perhaps resulting in a level of predation which was 
intermediate between those in full-cage and no-cage 
treatments. 

Abundances of infaunal species in the uncaged con
trol plots declined markedly during the course of the 
experiment as predators fed from June to mid-July (e.g. 
see 1981 period in Fig. 8 and Hines et al. 1987a). The 
total abundances of infaunal organisms surviving in 
caged plots were significantly higher than in uncaged 
plots, and there was significant spatial variation (effect 
of station) in the experiment (Fig. 9A, Table 5; 2-way 
ANOV A, p < 0.001). There was also significant inter
action between cage treatment and station (Table 5) ; · 
however, cage effects were significant at 4 of the 5 
stations [Fig. 9A; 2-way ANOVA, p < 0.01; Cicchetti's 
(1972) modification of Tukey's simultaneous unplan-
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ned multiple comparison of means with unequal sam
ple sizes, p < 0.05] . Infaunal densities in the partial 
cages were intermediate between those of full cages 
and uncaged plots, and the ranking of abundance in 
the 3 treatments was the same for each of the stations 
and for the stations combined (Fig. 9A). This consist
ency in pattern among stations indicates that the 
interaction between main effects resulted from varia
tions in abundance of infaunal species and varying 
degree of impact of predators among locations, rather 
than qualitative spatial differences in the impact of the 
guild. 

The ratio of the abundance of the predaceous 
infaunal guild (in the Rhode River subestuary the 
polychaetes Eteone heteropoda and Nereis succinea, 
and the nemertean Carinoma tremaphorus) to the 
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abundance of the other, non-predaceous infaunal 
species was significantly greater in the full cage treat
ment than in the uncaged plots across all stations. The 
ratios differed significantly among stations, and there 
was significant interaction between the main effects 
[Fig. 9B; 2-way ANOVA of arc-sin square root trans
formed ratios, p < 0.001; Cicchetti's (1972) modification 
of Tukey's simultaneous unplanned multiple compari
son of means with unequal sample sizes, p < 0.05]. The 
ratio of infaunal predators to prey was significantly 
higher in the full cage treatment at 4 of the 5 stations. 
The ratios of infaunal predators to prey in the partial 
cages were intermediate between the full and no cage 
treatments for the combination of all stations and at 3 of 
the individual stations (Fig. 9B). 

Twenty-seven species comprised the macro-inf.auna 

Table 5. Analysis of variance for predator exclusion experiment. F-values for main effects (cage, station) and interaction in 2-way 
AN OVA are shown. p = • < 0.05, • • < 0.01, • • • < 0.001, NS = not significant 

Cage Station Cage x Station 

Macoma balthica 5.19 .. 42.78 .. 1.79NS 
Macoma mitchelli 35.2 ••• 36.2 ••• 8.13 ••• 
Mya arenaria 4.76•. 44.36 • • • 3.57•. 
Mulinia lateralis 7.18 •• 4.63 •• 5.4o· • • 
Heteromastus filiformis 5.76 •• 210.28 ••• 1.34NS 
Eteone heteropoda 5.51 •• 15.88. • • 10.25 ••• 
Laeoneris culveri 2.71NS 152.17" •• 5.55 ... 
Nereis succinea 2o.o· • • 48.5o· • • 11.14 •• 
Scolecolepides viridis 0.21NS 87.75 ... 1.21NS 
Streblospio benedicti 44.07 ••• 20.37 ••• 8.24 ... 
Tubificoides spp. 4.88. • 31.37" •• 6.08 ... 
Edotea triloba 3.87 • • - 2.12NS 3.22 •• 
Cyathura polita 12.42 • •• 19.44 ••• 1.68NS 
Corophium lacustre 1.60NS 11.89 ••• 5.07 ••• 
Leptocheirus plumolosus 10.03 ••• 24.38 ... 4.56 ••• 
Carinoma tremaphorus 85.o9· •• 42 .83 ••• 13.60 ••• 
Total organisms 45.61 ••• 45 .26 ••• 5.98 ... 
Ratio of infaunal predators/prey 29.15" •• 51.11 ... 3.36 •• 
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Fig. 10. Predator exclusion experiment. Least-squares mean densities of 16 common infaunal species are shown for experimental 
plots treated with full, partial, and no exclusion cages at each of 5 stations. Means which do not differ significantly are connected 
by bottom brackets (Cicchetti's modification of Tukey's simultaneous tests for unplanned multiple comparison of means, p = 0.05) 

in the experimental plots. However, only 16 species 
had mean densities that were significantly greater than 
0 for at least one treatment at one station (Students t
tests, p < 0.05); so we compared densities of only these 
species among treatments (Table 5). Most (13) species 
differed significantly among cage treatments, and most 
(15) species also differed significantly among stations. 
However, most (12) species also exhibited significant 
treatment x station interactions (Table 5), so we also 
tested the effect of cage treatment on the 16 species at 
each of the 5 stations [Cicchetti's (1972) modification of 
Tukey's simultaneous unplanned multiple comparison 

of means with unequal sample sizes, p < 0.05; Fig. 10]. 
Most (11) species showed a significantly consistent 
rank order among cage treatments across stations, with 
highest densities in full cages, intermediate densities in 
partial cages, and lowest densities in uncaged plots : 
Macoma mitchelli, Heteromastus filiformis, Streblospio 
benedicti, Corophium lacustre, Leptocheirus plumu
losus, Carinoma tremaphorus, Laeonereis culveri, Mya 
arenaria, Mulinia lateralis, Edotea triloba, and Eteone 
heteropoda (Friedman's method for randomized 
blocks, p < 0.05; Fig. 10). In 5 other species, rank of 
abundance in cage treatments varied among stations : 
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Fig. 11. Number of clams surviving in caged and uncaged 
buckets placed in Rhode River subestuary for 2 wk. Initially, 
30 large Macoma balthica were planted in each bucket. M. 

mitchelli recruited into the buckets during the experiment 

Macoma balthica, Nereis succinea, Cyathura polita, 
Scolecolepides viridis, and Tubificoides spp. (Fried
man's method for randomized blocks, p > 0.05; 
Fig. 10). 

Clam survivorship experiment 

Survivorship of Macoma balthica in caged buckets 
(X= 28 clams) was significantly greater than that of 
clams in uncaged buckets (X = 4 clams) (Fig. 11; log-

linear model using maximum likelihood, x2 = 81.31, df 
= 1, p < 0.001). In addition, more Macoma mitchelli 
> 0.5 mm in length recruited and survived in the caged 
buckets (X = 11.5) than in the uncaged buckets (X = 
3.3); however, the difference was not statistically sig
nificant (Fig. 11; ANOV A. p > 0.05). because recruit
ment in the 2 wk test period was highly variable among 
buckets. 

Bioturbation experiment 

Densities of infaunal invertebrates were low in the 
experimental plots and did not differ among treat
ments, except for Heteromastus filiformis, which had 
lower densities in the no-top cages and uncaged plots 
(Table 6). These infaunal densities are similar to those 
measured in untreated areas in the subestuary during 
the same time period (Hines et al. 1987a). Mean 
densities of epibenthic predators caught in the drop net 
adjacent to the experimental plots (Table 6) were simi
lar to those estimated from trawling data (see 'Popula
tion dynamics' above for densities adjusted for trawl 
catch efficiencies). except that Trinectes maculatus was 
not caught in the drop net. 

Deployment of the experiment disturbed the sand 
plots very little, but bioturbation of the dyed sand was 
evident after 2 wk (Fig. 12) . Inspection of the photo
graphs indicated that insertion of the cores occasionally 
caused minor artifacts by dragging dyed sand deeper 
along the pipes, but dispersal of the dyed sand deeper 
into the sediment appeared to be caused primarily by 
burrowing infaunal organisms and by digging activities 
of crabs to depths of nearly 10 cm. Almost no dyed sand 
was observed deeper than 10 cm in the cores. The 
distribution of the sand differed significantly among 
the treatments (Fig. 13; Kolmogorov-Smirnov tests, 
p < 0.01). Sand in the full-cage treatment was the least 

Table 6. Densities of infauna in bioturbation experimental plots, and of epifaunal predators and other species of fish caught by 
drop net adjacent to bioturbation experimental site in Rhode River subestuary 

Infauna Density Epifaunal predators and others Density 
(X± SE m - 2 ) (X± SE m - 2) 

Macoma balthica 146 ± 130 Callinectes sapidus 0.08 ± 0.02 
Macoma mitchelli 90+ 123 Leiostomus xanthurus 0.01 ± 0.008 
Mya arenaria 71+111 Micropogonias undulatus 0.05 ± 0.03 
Mulinia lateralis 7+ 13 Palaemonetes pugio 0.7 ± 0.2 
Heteromastus filiformis 302+ 148 Brevoortia tyrannus 1.2 ± 1.2 
Nereis succinea 158+ 141 Anchoa mitchilli 0.3 ± 0.1 
Scolecolepides viridis 69 ± 112 Menidia menidia 0.02 ± 0.02 
Tubificoides spp. 51± 104 Sygnathus fuscus 0.01 ± 0.01 
Cyathura polita 376 ± 138 Cynoscion regalis 0.01 ± 0.01 
Total organisms 1273 ± 209 
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disturbed, but differed significantly in distribution from 
the initial, 'Time 0' samples; sand in the uncaged and 
no-top treatments was most disturbed and did not differ 
significantly from each other in their distributions; 
while sand in the 2-sided cages was disturbed to an 
intermediate degree (Fig. 13; Kolmogorov-Smirnov 
tests, p < 0.05). 

DISCUSSION 

Predation by the guild of epibenthic fish and blue 
crabs clearly plays a major role in structuring infaunal 
communities in the Rhode River subestuary, as it does 
in higher salinity portions of Chesapeake Bay (Vim
stein 1977, Holland et al. 1980, Orth et al. 1984) and in 
other marine soft-bottom communities (Peterson 1979, 
Woodin 1983, Dayton 1984) . Predation intensity 
depends on the components of guild structure: tem
poral and spatial variability in species composition, 
species abundances, and size structure (Menge 1983). 
The functional role of predatory fish and crabs also 
depends both on variation in the guild's direct utiliza-
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Fig. 13. Bioturbation of sediments in Rhode River subestuary. 
Average cummulative frequency distributions of dyed sand 
placed on experimental plots treated for 2 wk with full, partial, 
and no predator exclusion cages. Only the no-top and no-cage 
treatments did not differ significantly from each other (Kol-

mogorov-Smirnov tests, p = 0.05) 

No Cage 

Fig. 12. Bioturbation of sediments in Rhode 
River subestuary. Vertical profiles traced 
from representative photographs show sec
tions through patches of dyed sand placed 
on sediment surface late August ('Time 0') 
and subjected to 4 cage treatments for 2 wk. 
Crabs and fish were excluded (full cage) or 
allowed access to patches in partial cages 

(2-sided and no top) and uncaged areas 

tion of prey resources (i.e . the predators' diets) and on 
indirect effects of the guild's foraging activities, such as 
bioturbation of sediments in the Rhode River. Our 
measures of long-term variation in guild structure, pat
terns of prey utilization, and field exclusion experi
ments allow assessment of the interaction of guild 
structure and function. 

Structure of the guild of epibethnhic fish and crabs in 
the Rhode River subestuary exhibited marked temporal 
variability in the 1980's similar to the seasonal and 
annual fluctuations of the epibenthic fish in the central 
portion of Chesapeake Bay during the 1970's (Horwitz 
1987) . Almost paradoxically, however, the guild also 
exhibited several attributes of seasonal and long-term 
consistency similar to the temporally conservative cy
cles of fish in seagrass communities of the Gulf of 
Mexico (Livingston 1984). Although more than 3 dozen 
species were caught in trawls over the 8 yr sampling 
period, a sciaenid usually Leiostomus xanthurus, occa
sionally Micropogonias undulatus, a sole Trinectes 
maculatus, and Callinectes sapidus were the numeri
cally dominant members of the epibenthic predatory 
guild every year. Rank order of the species was signifi
cantly consistent over the study period; but the abun
dances of the dominant members of the guild fluctu 
ated widely among years, especially in one year (1983) 
when L. xanthurus was absent and when the usually 
rare M . undulatus became common. Population abun
dances of the guild members underwent predictable 
seasonal cycles with peak abundances in summer and 
essentially no activity in winter, with consistent recruit
ment periods, and with similar monthly shifts in popu
lation structure among years. Yet abundances of each 
component species also fluctuated significantly, often 
several fold, among years . The 1983 increase of M. 
undulatus in the subestuary appears to have resulted 
from an unusual overwintering of juveniles in upper 
Chesapeake Bay (Horwitz 1987), but there is no appar
ent explanation for the concomitant absence cif L. 
xanthurus. High densities of blue crabs in 1984 and 
1985 appear to have resulted from a major peak in 
recruitment in 1984 in lower Chesapeake Bay, and that 
cohort persisted in high densities in our study area for 
the 2 yr life span of blue crabs. Thus, for blue crabs and 
sciaenids, which spawn in the ocean hundreds of 
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kilometers from our study site, annual variation in 
predator abundance is regulated on a regional scale 
that has major impacts on the local scale of sub
estuaries. 

Locally within the Rhode River, densities of the com
mon epibenthic predators exhibited significant spatial 
variation on a scale of hundreds to thousands of meters 
during the summer foraging period. Although the 
sampling intensity in our study was not designed to 
provide fine resolution or mechanistic explanations of 
the guild's spatial variation, interspecific differences in 
aggregative behavior and resource utilization are prob
ably major causes of the patchiness in predator dis
tribution. Callinectes sapidus in the Rhode River parti
tion the habitat by size, sex, and molt stage (Hines et al. 
1987b). Leiostomus xanthurus and Micropogonias 
undulatus typically aggregate in schooling behavior, 
Trinectes maculatus is a solitary ·ambush' predator, 
and C. sapidus is cannibalistic. These intraspecific 
behavioral interactions themselves create differences 
in the patchiness of predators. Aggregative responses 
of predators (sensu Hassell 1978) to patchiness in prey 
distribution can also account for spatial variation in 
abundances of these fish and crabs, since infaunal 
densities vary significantly in the same spatial scale as 
the predators (Hines et al. 1987a, b). 

The size structure of populations in the guild 
reflected the longevity and seasonal patterns of recruit
ment for the component species: a single year-class 
recruiting in spring (Leiostomus xanthurus) or fall 
(Micropogonias undulatus) for the sciaenids, 2 year
classes with fall-spring movement into the subestuary 
for blue crabs, and 3 year-classes with fall recruitment 
for Trinectes maculatus. These population structures 
are similar to those of the same species in the middle 
portion of Chesapeake Bay (Horwitz 1987). The consist
ent seasonal pattern of rapid growth during the sum
mer foraging season resulted in a consistent size range 
of most individuals each year: L. xanthurus = 40 to 
150 mm, M. undulatus = 50 to 200 mm, T. maculatus = 

40 to 150 mm, and Callinectes sapidus = 60 to 170 mm. 
Seasonal changes in size structure can have trophic 
consequences in some communities through onto
genetic transitions in diet (Livingston 1980, Werner 
& Gilliam 1984) . However, despite marked growth of 
juveniles over the foraging season, ontogenetic shifts in 
feeding habits of these species occur primarily at sizes 
smaller than these ranges. Small L. xanthurus and M. 
undulatus switch from feeding predominantly on 
meiofauna to macrofauna at ea 50 mm (Livingston 
1980, O'Neil & Weinstein 1987, Smith & Coull1987); T. 
maculatus switches to a macrofaunal diet at about 
30mm (Hines pers . obs.); and juvenile blue crabs shift 
to an adult diet composition at ea 60 mm (Laughlin 
1982). Moreover, with the partial exception of small L. 

xanthurus consuming some meiofauna early in the 
season, our analysis of the predators' stomach contents 
showed that these sizes were clearly feeding pre
dominantly on macro-infauna. 

Diets of the epibenthic predators in the Rhode River 
subestuary were similar to stomach contents of these 
species in other locations (Carr & Adams 1973, Chao & 

Musick 1977, Homer & Boyton 1979, Laughlin 1982, 
Livingston 1984, Smith & Coull 1987). Our analysis of 
diet breadth and overlap provide a quantitative assess
ment of prey specialization for each species, and they 
quantified the extent of prey resource partitioning by 
the guild. Over the course of the summer season, the 
diets of each of the guild members are rather 
generalized, with each predator feeding on a wide 
variety of benthic species. However, for any given 
population sample their diets tended to be specialized, 
or relatively concentrated on particular prey categories, 
resulting in both resource partitioning and consider
able overlap among species. Blue crabs clearly preyed 
extensively on clams, but also were opportunistic and 
cannibalistic. All 3 fish species consumed an array of 
worms and small crustaceans, especially amphipods; 
yet particular samples often had narrow dietary 
breadth. The fish did not prey upon whole clams, rather 
Leiostomus xanthurus and Trinectes maculatus nipped 
large numbers of Macoma balthica siphons, especially 
later in the season. 

Because the major ontogenetic shifts in diet of the 
predators occur at sizes smaller than those predomi
nant in the Rhode River (see above). seasonal shifts in 
prey resource utilization primarily reflected changes in 
prey availability (Holbrook & Schmitt 1984, Pyke 1984, 
Schmitt & Holbrook 1986). Infaunal prey abundance 
was high early in the season (June), with large num
bers of small polychaetes, peracarids, and clams near 
the sediment surface; but prey abundance declined 
markedly by late season (August/September). with 
only deep burrowing large clams persisting (Hines & 

Comtois 1985, Hines et al. 1987a) . Seasonal shifts in the 
diet of large blue crabs in the sub estuary were reflected 
in decreased dietary breadth and overlap as crabs 
specialized more on clams and took less small prey 
during the late period of low infaunal densities. How
ever, as the fish apparently tracked the seasonally 
abundant small surface prey, their breadths remained 
relatively constant and dietary overlap among species 
was high throughout the season, indicating persistent 
feeding generalization despite diminished resources. 
None of the predator species showed qualitative differ
ences in diet between the 2 sediment types, probably 
because infaunal species composition was quite similar 
in both muddy and sandy habitats within the subestu
ary (Hines & Comtois 1985). and because the high 
mobility of these predators probably results in their 
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frequent movement across both sediment types during 
feeding . 

From analysis of the predator's diets, blue crabs were 
a primary source of mortality for clams, so that changes 
in blue crab density affected clam population levels . 
Although covariation of predator-prey cycles was com
plicated by large annual fluctuations in prey recruit
ment, both the seasonal and annual variations in 
predator and prey abundances provide insight into 
their population stability. Summer declines in newly 
recruited Macoma balthica coincided each year with 
the influx of blue crabs. Two apparently stable prey 
levels were superimposed upon the relatively regular 
seasonal cycles. Low clam recruitment and low crab 
abundance were correlated with a lower level of prey 
abundance. A major increase in clam recruitment with 
continued low crab abundance elevated the level of 
prey populations. In turn, the major 2 year influx of the 
1984 cohort of crabs was followed by a return to the 
lower prey population level, which was again main
tained by low clam recruitment and low crab abun
dance. Thus, prey populations appear to be regulated 
through interactions of both predator abundance and 
prey recruitment. Because the regulation is density
dependent for both predator and prey, experimental 
analysis of numerical and functional responses is likely 
to provide mechanistic explanations of the interaction, 
as well as spatial variation in predator and prey abun
dances (Holling 1959, Abrams 1987) . Indeed, Lipcius & 

Hines (1986) showed experimentally that shifts in the 
functional response of blue crabs foraging on Mya 
arenaria could account for local extinction or persist
ence of clam populations. 

Predation by the guild of epibenthic predators clearly 
has strong (sensu Paine 1980) negative effects on 
infauna throughout the Rhode River subestuary, 
because excluding the predators prevented the usual 
summer decline of infaunal abundances. From stomach 
content analysis, many of these strong interactions are 
direct results of predation. The response to altered 
predation intensity was generally graded and depend
ent on predator density, as indicated by usually inter
mediate infaunal densities in partial exclusion cage 
treatments . The predator exclusion experiment also 
revealed significant spatial variation in the impact of 
the epibenthic guild, with the variation being a product 
of patchy distributions in both the predators and 
infaunal. Although the effect of predator exclusion was 
generally consistent among treatments at all stations, 
the magnitude of difference among treatments fluctu
ated among stations, probably reflecting spatial varia
tion in the predators. Similarly, the abundances of 
infauna within the full cage treatment varied signifi
cantly among stations, reflecting patchy prey abun
dances independent of predators. Even species like 

Macoma balthica which did not show a consistent pat
tern of response to predator exclusion treatments prob
ably are strongly impacted by predation. Small-scale 
dispersal of these species away from higher density 
patches within the cages probably introduced an 
artifact into the experiment, since subsequent retention 
(by buckets) of these prey within cage refuges resulted 
in greatly increased clam survivorship. 

In addition to direct consumption of prey, foraging 
activity of the predators causes major disturbance of 
the estuarine sediment. This disturbance may be par
ticularly pronounced in the low salinity, upper reaches 
of estuaries like the Rhode River, which have relatively 
few subsurface deposit feeders compared to lower por
tions of estuaries, where bioturbation by infaunal 'con
veyer belt' subsurface deposit feeders is probably high 
(Gaston & Nasci 1988). In other soft-bottom com
munities, rays and horseshoe crabs are major agents of 
disturbance impacting infaunal communities (Woodin 
1981, Van Blaricom 1982) . In the Rhode River, fish 
probably impact only the upper 2 to 3 cm of sediment, 
while blue crabs foraging on clams are the main 
species capable of sedimentary disturbance to the 
10 cm depth indicated by our bioturbation experiment 
(Blundon & Kennedy 1982, Hines & Comtois 1985) . 

In soft-bottom ecosystems like the Rhode River sub
estuary, predator-prey interactions are particularly 
complex (sensu Carpenter & Kitchell 1988) because 
these communities are dominated by guilds of rather 
generalized predators capable of switching among 
diverse prey, and because they usually lack a single 
competitively dominant prey species capable of mono
polizing resources (Reise 1978, Virnstein 1980, Kneib & 

Stiven 1982, Ambrose 1984, Commito & Ambrose 1985) . 
That is, while predation is often the prevailing control 
of community structure, a single keystone-like species 
occurs rarely if at all (Peterson 1979, Levinton 1982). In 
the Rhode River, the consistent seasonal influx of 
predators produces intense predation pressure that 
greatly reduces infaunal abundances each summer. 
Because the 4 dominant members of the guild are 
generalized, mobile predators with overlapping diets, 
the direct impact of predation and disturbance is strong 
for the entire infaunal community. 

Our analysis also indicates that variation in the struc
ture of the predatory guild produces an array of signifi
cant indirect consequences for the infaunal community. 
First, variation in abundance of blue crabs has major 
consequences for infaunal community structure as a 
result of both direct and indirect effects of crab preda
tion on clams. Clams comprise the bulk of the biomass 
in the infaunal community (Hines & Comtois 1985) and 
have density-dependent effects on infaunal community 
structure (Hines e t al. 1989) . Second, predator stomach 
contents indicate that variation in abundance of fish 
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in the guild will affect the intensity of clam siphon 
nipping. The extensive cropping of Macoma balthica 
siphons by the fish is likely to have a significant in
direct effect on clam survival by causing the clams to 
reside at shallower sedimentary depths, where they are 
more vulnerable to predation by blue crabs (Reading & 

McGrorty 1978, Zwarts 1986, Zwarts & Wanink 1989, 
Hines & Lipcius unpubl.). Third, as consumers of 
infaunal predatory worms, variation in the abundance 
of fish in the guild alters the ratio of infaunal predators 
to infaunal prey. Although the validity of these altered 
ratios is open to question (see Ambrose 1984, 1986, 
Wilson 1986), the shifts in ratios that we observed in the 
predator exclusion experiment indicate that nonlinear 
effects on community structure occur with variation in 
fish predation intensity. In areas of inherently low 
diversity like the upper reaches of estuaries, these 
shifts in species composition may be of considerable 
consequence. Fourth, variation in abundance and 
species composition of the predatory guild will affect 
the intensity and sedimentary depth of bioturbation, 
with crabs having impacts to 10 cm but the fish affect
ing only the surface. The bioturbation of sediments by 
the predator guild will have indirect effects on infaunal 
community structure, because sedimentary destabiliza
tion is well-known to have differential species effects 

favoring deposit feeders at the expense of suspension 
feeders (Rhoads 1974, Woodin 1976, 1983, Thayer 
1983) . Therefore, variation in structure of the predatory 
guild has many strong indirect effects on the benthic 
community. 

Our descriptive and experimental data thus indicate 
that the guild's foraging activity not only has strong 
direct effects on infaunal community structure, but 
spatial and temporal variability in the guild structure 
produces major complex interactions for benthic com
munity organization and patch dynamics. The consist
ent seasonal influx of generalized mobile predators 
produces a strong direct impact of predation and dis
turbance for the entire infaunal community despite 
annual variation in component species. However, 
effects of predator functional and numerical responses, 
which define predator-prey interactions, are highly sen
sitive to low prey densities (Holling 1959, Hassell 1978, 
Lipcius & Hines 1986, Abrams 1987); so spatial and 
temporal variation in the predatory guild and infaunal 
prey have marked effects on patterns of prey survival 
each summer. The patterns of prey survival are compli
cated by the large number of indirect effects of predator 
switching and bioturbation, but our descriptive and 
experimental analysis of these interactions has pro
duced a more realistic assessment of their complexities. 

Appendix 1 

Summary means for stomach content analysis for guild of epibenthic predators (1981 to 1988). UP: unidentified polychaetes, DAT: 
digested animal tissue. No data for M. undulatus in September 

Callinectes sapidus Leiostomus xanthurus Micropogonias undulatus Trinectes maculatus 

June September June September June September June September 

Mud Sand Mud Sand Mud Sand Mud Sand Mud Sand Mud Sand Mud Sand 

N 63 57 80 92 19 39 64 65 20 20 120 235 169 169 
Size (mm) 125 124 133 133 68 84 118 124 112 119 58 56 81 84 
Stomach fullness (% ) 38 32 35 26 13 38 48 37 53 45 45 41 33 32 
Contents dry weight (mg) 379 227 324 204 3.44 9.64 29.5 42.1 14.5 12.4 2.08 1.79 4.11 3.97 
Contents category(% ) 

Callinectes sapidus 3 3 10 12 0 0 0 0 0 0 0 0 0 0 
Fish 10 17 17 4 0 0 0 0 0 0 0 0 0 0 
Clams 29 37 52 56 0 0 2 5 0 0 0 0 0 0 
Macoma balthica siphons 0 0 0 0 3 2 48 35 0 0 11 19 22 23 
Copepods 0 0 0 0 19 9 2 0 0 0 0 0 0 
Nematodes 0 0 0 0 19 2 2 2 0 0 0 0 0 0 
Mysids 4 0 0 0 0 0 1 2 0 0 0 0 0 0 
Cyathura polita 0 0 0 0 0 1 2 0 10 1 1 1 0 1 
Corophium lacustre 7 11 0 0 0 0 1 7 0 0 0 3 5 12 
Leptocheirus plumulosus 23 14 0 0 32 61 5 6 61 54 71 57 31 26 
Chironomids 0 0 0 0 0 0 0 0 0 0 0 0 2 1 
Heteromastus filiformis 0 0 0 0 5 1 8 14 0 0 6 6 3 6 
Eteone heteropoda 0 0 0 0 0 3 0 2 0 0 2 2 4 3 
Nereis succinea 2 6 0 0 0 1 10 8 7 1 1 2 8 11 
Scolecolepides viridis 0 0 0 0 0 0 0 0 0 0 4 1 12 9 
UP 0 0 0 0 0 0 0 1 0 0 0 3 8 5 
DAT 20 9 20 21 5 6 4 6 9 11 4 6 5 2 
Detritus 2 1 0 2 17 14 15 11 8 20 0 0 0 1 
Sediment 0 2 1 5 0 0 0 0 5 12 0 0 0 0 
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