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ABSTRACT: The effects of 1 fish and 3 decapod crustaceans were examined in laboratory and field 
predator enclosure experiments in the Indian River Lagoon, Florida, USA. Results of laboratory and 
field experiments were similar in most cases. The fish Lagodon rhomboides and the crab Callinectes 
sapidus had relatively little effect on macrofaunal abundances. In contrast, the shrimps Palaemonetes 
intermedius and particularly Penaeus duorarum exerted marked negative effects on the density of 
almost all macrobenthic taxa present The role of shrimps and other decapods in regulating densities of 
seagrass macrobenthos may be much greater than previously thought. The decapod crustaceans appear 
to b e  important keys to the understanding of trophic complexity in seagrass ecosystems. 

INTRODUCTION 

Field experimental studies of seagrass-associated 
macrobenthos of the Indian River, Florida, USA (Young 
et  al., 1976) indicated that predation by fishes and 
decapod crustaceans plays a n  important role in regula- 
tion of species densities. Young et  al. (1976) suggested 
that decapod crustaceans constitute unexpectedly 
important predators on the other macrofauna in this 
system. Experiments by Virnstein (1978, and pers. 
comm.) in the Indian River have confirmed that 
decapod predators are potentially important regulators 
of macrobenthic species densities. 

Although these studies have identified important 
groups of predators, the identity of particularly sig- 
nificant predator species has remained uncertain. For 
the fishes, gut content studies indicate species of 
potential interest (Kikuchi, 1966; Cam and Adams, 
1973; Littlejohn et al.,  1974; Adams, 1976). Among the 
fishes common along the southern coast of the United 
States, the highly abundant epibenthic predator Lago- 
don rhomboides (pinfish) is considered of major 
importance in regulating some components of the 
seagrass macrobenthos (Thayer et  al., 1975; Nelson, 
1979b; Stoner, 1979). Much less is known about the 
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decapods. Callinectes sapidus (blue crab) has been 
shown to be  an  important predator on the infaunal 
macrobenthos of sand bottoms in Chesapeake Bay 
(Virnstein 1977, 1978). However, Orth (1977) and Virn- 
stein (1977) suggested that in seagrass beds C. s a p ~ d u s  
may be  a n  effective predator only on the epifaunal and 
not infaunal benthos due  to difficulties encountered in 
penetrating the seagrass rhizome mat. In a n  attempt to 
examine further their predation regulation hypothesis, 
Young and Young (1978) carried out additional man- 
ipulative field experiments which involved the place- 
ment of L. rhomboides and  C. sapidus in large-mesh 
(12 mm) cage enclosures. These experiments, how- 
ever, failed to show any significant impact by either 
species on densities of the macrobenthos. 

In addition to Callinectes sapidus, at  least 37 other 
decapod species occur in seagrass beds in the Indian 
River (Gore et  al., 1981). Indeed, C. sapidus comprises 
only 0.5 % (relative numerical abundance) of the 
decapod crustaceans of this habitat (Gore et  al . ,  1981). 
It is therefore important to consider the role of some of 
these additional decapod species. Both Palaemonetes 
intermedius and Penaeus duorarurn (18 % and  6.5 % of 
total abundance in the Indian River, respectively; Gore 
et  al., 1981) are opportunistic omnivores, often ingest- 
ing significant quantities of animal material (Odum 
and Heald, 1972). However, shrimps of these genera 
have been little considered as potentially significant 
predators on macrobenthos. 

It is clear that, despite evidence for the importance of 
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predation in regulating species densities of seagrass 
macrobenthos in the Indian River, considerable uncer- 
tainties remain concerning the relative roles of the 
different types of predators present. The present study 
had the following aims: (1) to determine the efficiency 
of Lagodon rhomboides and Callinectes sapidus as 
predators on the macrobenthos; (2) to examine the role 
played by the numerically abundant shrimp Palaemo- 
netes intermedius and  Penaeus duorarum in regulat- 
ing macrobenthic species densities; and (3) to assess 
which components of the seagrass macrobenthos (if 
any) are most susceptible to predation by each of the 
above species. To accomplish these goals, the effects of 
each predator species on the macrobenthos associated 
with the seagrass Halodule wrightii were evaluated 
through laboratory aquaria experiments with intact 
cores and field experiments with predator inclusion 
structures. 

MATERIALS AND METHODS 

All field experiments and collections of experimen- 
tal animals for both field and laboratory experiments 
were carried out at the Link Port study site of Young et  
al. (1976) and Virnstein (1978) (27032.11N, 80°10.3'W), 
located in the Indian River, Florida, USA. The physical 
aspects of this location have been described in detail 
(Young e t  al., 1976; Young and Young, 1977, 1978). 

Laboratory experiments were carried out in 19-1 
aquaria located in a covered, screened outdoor enclo- 
sure. Each aquarium was divided in half with 1 mm 
mesh fiberglass window-screen. During each experi- 
ment, an  individual aquarium contained both a control 
and an  experimental side. Designation of control and 
experimental cores was at random. Randomly located 
intact cores (15 X 15 X 15 cm) of Halodule wrightii 
and sediment were collected at  the Link Port site using 
the coring device described by Young et  al. (1976). The 
cores were placed in buckets of seawater, transported 
and rapidly transferred (usually within 30-60 min of 
collecting the first core) into the experimental aquaria. 
All material remaining in a bucket following transfer 
of a core was sieved on 1 mm mesh and material 
retained was added to the core to which it belonged. 
An airstone was placed in each half of every aquarium. 
The aquaria were allowed to settle for 24 h before an 
experiment was  begun. Each individual experiment 
involved 4 aquaria. Densities of predators utilized in 
each experiment were: (1) Lagodon rhomboides 
experiment - 1 fish (10-11 cm in total length) per 
experimental core; (2) Penaeus duorarum experiment 
- 4 shrimp (6.5-8.5 cm in total length) per experimen- 
tal core; (3) Palaemonetes intermedius experiment - 20 
shrimp (2-3 cm in total length) per experimental core; 
(4) Callinectes sapidus experiment - l crab (9.5-14.0 

cm in carapace width) per experimental core. Dates for 
the beginning of these experiments were: 
(1) November 30, 1978; (2) May 4, 1979; (3) May 29, 
1979; (4) July 21, 1979. Field experiments in all cases 
started no more than 7 d after initiation of the labora- 
tory experiment with the same species. 

All laboratory experiments ran for 21 d ,  after which 
all material in each aquarium compartment was 
removed and washed on a 1 mm mesh sieve. Samples 
were placed in a solution of 0.15 % propylene 
phenoxytol in sea water for 20-30 min, transferred to a 
5-10 % solution of formalin and rose bengal in sea 
water for 4 8  h,  and transferred to 70 Oh ethyl alcohol. 

Field experiments were done in cages 50 X 50 X 

50 cm constructed of 1 mm mesh window-screen sta- 
pled to a wood frame with removable screen tops to 
allow access to the interior of the cage. Cages were 
placed in a shallow, subtidal bed of Halodule wrightii 
in 2 rows of 4 cages, each parallel to the shoreline with 
treatments randomly assigned to cages. Maximal 
water depth was approximately 1 m at high tide. The 
bottom edges of the cages were approximately 10 cm 
in the sediment. No holes or evidence of burrowing 
under cages were found. Field experiments consisted 
of 4 experimental predator inclusion cages, 4 cages as 
a control for cage effects, and 4 control samples taken 
from the immediately surrounding seagrass bed. 
Densities of predators utilized in each experiment 
were: (1) 4 Lagodon rhomboides (10-11 cm in total 
length) per inclusion cage; (2) 40 Penaeus duorarum 
(4-9 cm in total length) per inclusion cage; (3) 200 
Palaemonetes intermedius (1-3 cm in length) per 
inclusion cage; (4) 1 Callinectes sapidus (12-13 cm in 
carapace width) per inclusion cage. Predator densities 
were higher than average values but approximate 
naturally occurring densities in localized patches. 

All field experiments ran 21 d except the experiment 
with Callinectes sapidus which ran 22 d. The length 
was selected to minimize possible cage effects. At the 
termination of an  experiment, 1 core was taken from 
the center of each cage and 4 cores were taken from the 
undisturbed grassbed. These samples were processed 
as described for the  aquaria samples. Each cage was 
extensively sampled with a 6 mm mesh dipnet to cap- 
ture the larger mobile fauna missed by the coring 
device. Except for the experiment with Lagodon rhom- 
boides; 4 control samples of the larger mobile fauna 
were obtained from the surrounding seagrass bed. To 
take these samples, a cage structure was randomly 
placed in the bed,  driven into the sediment, and its 
interior was sampled in an  identical manner to that for 
the regular cage structures. Abundance values 
obtained from the di.pnet samples will be distin- 
guished from values ob ta~ned  from the cores by term- 
ing them 'mobile fauna' abundances. 
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Data from the field experiments were analysed with 
one-way analysis of variance to test 2 a priori hypoth- 
eses concerning differences in the sample means. Null 
hypothesis 1 was that the mean for the control samples 
equalled that of the inclus~on cages. Null hypothesis 2 
was that the mean of the control samples equalled that 
of the control cages. Rejection of Hypothesis 1 and 
acceptance of Hypothesis 2 would indicate the pre- 

sence of a n  effect due  to the enclosed animals and not 
the cage itself. Following these analyses, where sig- 
nificant F values were found, a posteriori comparisons 
were made to compare the means of the predator 
inclusion and control cages using the Student-Neu- 
man-Keuls test. The laboratory experiment data were 
analysed with t-tests. 

In several cases, heterogeneous variances were 

Table 1 List o f  macrobenthic species o f  higher taxa collected in Indian Rlver, Florida. 1. Species found In  both core and dipnet 
samples; 2 :  species found only In d ~ p n e t  samples 

Annelida Mollusa 
Polychaeta' Gastropoda' 
Oligochaeta Aceteocina candei 

Astyris lunata 
Arthropoda (Crustacea) Bittium v a r ~ u m  

Arnphipoda' Cerithiopsis greenii 
Ampelisca a bdita Costoanachis avara 
Arnpithoe longirnana Crepidula convexa 
Corophiurn ellisi Crepidula plana 
Corphiurn lacustre Harninoea antillarurn 
Cyrnadusa compta Melongea corona 
Gammarus mucronatus Modulus modulus  
Gitanopsis tortugae Nassarlus vibex 
Grandidierella bonnieroides Neritina vlrglnea 
Melita elongata Pyrocythara plicosa 

Sayelle crosseana 
Decapoda ' Turbonilla sp. 

Alpheus  heterochelis 1 
Ambidexter symmetricus Nemertinea ' 
Callinectes sapidus 1 
Hippolyte pleurocantha 1 Sipuncula' 
L~binia  dubia 2 Phascolion cryptus 
Neopanope packardii 1 
Neopanope sayi 2 Vertebrata 
Pagurus c.f. bonairensis 1 Pisces 
Palaernonetes intermedius 1 Bairdiella chrysura 2 
Penaeus duorarum 1 Bathygobius soparator 2 

Floridicthys carpio 2 
Isopoda ' Gobiosoma robusturn 2 

Cymodoce f a x o n ~  Lagodon rhornboides 2 
Erichsonella attenuata Lucania parva 2 

Microgobius gulosus 2 
Tanidacea' Poecilia latipinna 2 

Wargeria rapax Strongylura sp. 2 
Syngnathus scovelli 2 

Echinodermata 
Amphioplus thromboides 

Mollusca 
Pelecypoda' 

Amygdalurn papyriurn 
Anomalocardia auberiana 
Brachiodontes exustus 
Chione cancellata 
Lyonsia hya11na floridana 
Mercenaria rnercenaria 
Mulinia lateralis 
Sphenia antillensis 
Tellina tampaensis 

' Groupings sublected to statistical analysis 
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found between treatments (F-max test). In such cases, 
the log transformation was applied to the data.  Where 
this transformation failed to correct the heterogeneity, 
non-parametric methods were used. In a few instances 
where data from a single replicate were radically diffe- 
rent from other replicates, these values were tested to 
determine whether they were statistical 'outliers' fol- 
lowing the suggestions of Gnlbbs (1969). If the data 
were significantly different from the other replicates, 
such values were removed from the above analyses. 
All statistical analyses follow Sokal and Rohlf (1969). 

Identification of animals collected was to species in 
most cases. The polychaetes, oligochaetes, and nemer- 
teans were counted but not identified in this study. A 
list of species found and the taxonomic groupings 
utilized for statistical analysis are given in Table 1. 

Further information on fauna1 composition, density, 
and distribution can be  found in Young et al. (1976) 
and Young and Young (1977, 1978). 

In the analysis of the field experiment with Lagodon 
rhomboides, it was found that one replicate of the 
control cage treatment contained 113 Palaemonetes 
intermedius as compared to 10, 10, and 4 in the other 
replicates. This replicate was excluded from further 
data analyses. The ANOVA results (Table 2) show no 
significant effects on the macrobenthos due  to the 
presence of L, rhomboides. In fact abundances, espe- 
cially of polychaetes, were higher than controls inside 
the cages with L, rhomboides. However, the abund- 
ances of decapods and isopods were significantly grea- 
ter in the cage control than in the control samples. 
Abundances of the total 'mobile fauna' and of the 
'mobile decapod' component were significantly grea- 
ter in the control cages than in the cages with L. 
rhomboides (Table 2) .  There were no significant d~ffer-  
ences in any groups of macrobenthos between control 
cages and cages with L. rhomboides (a posteriori S-N- 
K tests). 

RESULTS Experiments with Penaeus duorarum 

Experiments with Lagodon rhomboides 

The results of the laboratory experiments with Lago- 
don rhomboides are presented in Table 2. Of the 10 
animal groupings analysed, only the total number of 
individuals was significantly lower in the fish addition 
treatment. However, values for most of the other 
categories were 30-50 % lower in the fish addition 
treatment. 

Specimens of Penaeus duorarum in the tank experi- 
ment had significant effects on most groups of the 
seagrass macrobenthos (Table 3). There was a 90 % 
reduction in total macrobenthos abundance over the 3 
week duration of the experiment In the aquaria with P. 
duorarum. Significantly lower values for the 
polychaetes, decapods, amphipods, isopods, tanaids, 
nemerteans, and sipunculids were observed (Table 3). 
Tanaids, nemerteans, and sipunculids were totally 

Table 2. Mean abundances ( ~ n d .  225 cm-2; with l standard deviation) for 10 and 15 groupings of organisms from tank and field 
experiments with Lagdon rhornboides, respectively. N = 4, except n = 3 for the experiment control cages treatment. NO control 

samples of 'mobile fauna' were taken in the field experiment 

Organisms Tank experiment Field experiment 

Control Predator Predator Control Control cages 
inclusion inclusion 

Total 106.5 (24.9)' 62.8 (23.0) 374.8 (141.7) 292.8 (56.9) 425.6 (246.4) 
Polychaeta 73.5 (30.2) 44.5 (19.6) 338.5 (155.2) 268.3 (48 4) 342 6 (215 2) 
Arr~phipoda 8.8 (11.1) 4.0 (4.3) 15.3 (20.0) 6.8 (7.3) 37.7 (41.2) 
Decapoda 1.3 (0 5) 0.5 (1.0) 4.8 (3.9) 3.3 (2.1)' 15.0 ( l 1  0) 
Isopoda 1 8 (1.7) 0.8 (1.5) 2.5 (1.3) 1.3 ( l  . O )  ' 7.0 (5.2) 
Tanaidacea 0 0 0 0 0 
Pelecypoda 1.3 (1 3) 0.8 (0.5) 3.8 (2  2) 1.3 ( l  0)  3 7  (1.5) 
Gastropoda 17.3 (9.3) 11.0 (4.9) 8.3 (4.8) 8.0 (4.1) 14.6 (4.5) 
Nemertinea 0 0 0 0 5  (1 0) 0 
Sipuncula 0 0.3 (0.5) 1.3 (1.9) 0 3 (0 5) 0.7 (1.2) 
Total 'mobile fduna' - - 1.8 (1.0) - 10.3 (4.0) 
'Mobile fish' - - 0.8 (0.5) - 1 0  (1.0) 
'Mobile decapods' - 1.0 (0.8) - 8.0 (3.5) 
'Mobile' Palaemonetes - - 0 0.3 (0.6) 
'Mobile' Penaeus - - 0.5 (0.6) - 3.3 (4.0) 

Differences between treatments significant at p <  0.05 
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Table 3. Mean abundances (ind. 225 cm-2 ;  with 1 standard deviation) for 10 and 15 groupings of organisms from tank and field 
experiments with Penaeus duorarum, respectively. N = 4, for all treatments 

Organisrns Tank experiment F ~ e l d  experiment 

Control Predator Predator Control Control cages 
inclus~on inclusion 

Total 247.8 (73.7)' 22.8 (1 1.3) 82.3 (45.9)' 381.0 (84.4) 320.3 (130.1) 
Polychaeta 145.3 (54.1)' 14.5 (7.9) 68.5 (41.3)' 277.3 (66.7) 203.8 (89.9) 
Amphipoda 35.3 (26.3)' 2.5 (2.9) 2.0 (1.8) 4.8 (3.4)' 36.8 (27.0) 
Decapoda 1.8 (1.3). 0.3 (0.5) 0.8 (0.5)' 2.3 (0.5) 2.5 (1.3) 
Isopoda 8.5 (5 3) ' 0.3 (0.5) 0 1.3 ( l  4 ) '  27.3 (30.2) 
Tanaidacea 35.0 (20.7)' 0 0 5 (1.0) 70.5 (17.1)' 22.0 (16.8) 
Pelecypoda 0.8 (1.0) 0.3 (0.5) 0 8 (1.0) 2.8 (2.5) 1.5 (0.6) 
Gastropoda 6.0 (3.3) 5.3 (3.6) 2.8 (2.9) 9.3 (3.2) 13.8 (13.9) 
Nemertinea 5.0 (3.3)' 0 2.8 (1.5)' l .O (0.0)' 4.5 (1.0) 
Sipuncula 4.3 (3.4)' 0 0.5 (1.0) 0.8 (0.5) 2.8 (2.8) 
Total 'mobile fauna' - - 5.8 (3.8) 7.0 (3.9) 14.5 (9.8) 
'Mobile fish' - - 0.5 (0.6) 0.8 (1.0) 2.5 (1.7) 
'Mobile decapods' - - 5.3 (3.5) 6.3 (3.3) 12.0 (8.2) 
'Mobile' Palaemonetes - - 2.5 (2.6) 1.3 (1.9) 7.8 (5.7) 
'Mobile' Penaeus - - 4.3 (2.9) 3.0 (2.7) 

' Differences between treatments significant at p < 0.05 

absent from the aquaria with P. duorarum, and isopods 
and decapods nearly so. Only the molluscs were unaf- 
fected. 

Results from the field experiment also indicate a 
significant impact of Penaeus duorarum on certain 
fauna1 elements (Table 3). Total macrobenthos abun- 
dance was reduced by 78 '10 in the cages with P. 
duorarum as compared with controls. Significantly 
lower densities in the cages with P. duorarum also 
were found for the polychaetes, decapods, and tanaids. 

In contrast to the tank experiment, nemerteans were 
significantly more abundant inside the cages with P. 
duorarum than in controls. Significantly greater num- 
bers of amphipods, isopods, and nemerteans were 
found inside control cages as  compared with controls, 
indicating a significant cage effect for these groups. 
Significantly lower numbers of tanaids were found in 
control cages than in controls (Table 3).  A posteriori 
analysis of all ANOVA comparisons with significant F 
values showed that in all cases (except for the tanaids) 

Table 4. Mean abundances (ind. 225 cm-2; with 1 standard deviation) for 10 and 15 groupings of organisms from tank and field 
experiments with Palaemonetes intermedius, respectively. N = 4, except n = 3 for tank experiment control. A: data transformed 

(log) for statistical comparison, untransformed data given here; B: data analysed with non-parametric STP test 

Organisms Tank experiment Field experiment 

Control Predator Predator Control Control cages 
inclusion ~nclusion 

Total 197.7 (17.4)' 119.0 (45.5) 74.3 (51.1)' 169.3 (51.3) 91.3 (51.71) 
Polychaeta 144.3 (15.3) 106.5 (49.7) 61.8 (42.7)' 143.0 (47.8) 47.8 (29.9) 
Amphipoda 19.2 (21.2)'A 2.3 (0.5) 2.8 (2.8) 2.0 (1.2) 6.8 (5.1) 
Decapoda 1.3 (0.6)' 0 0.5 (0.6)'B 3.0 (1.2) 6.0 (6.7) 
Isopoda 2.0 (2.7) 0.5 (0.6) 3.5 (3.1) 2.5 (1.0) 3.5 (3.1) 
Tanaidacea 19.0 (20.1) 4.5 (3.4) 1.3 (1.5)'A 9.3 (4.9) 13.8 (16.2) 
Pelecypoda l .O (0.0) 1.5 (1.3) 0.3 (0.5) 1.8 (1.7) 0.5 (1.0) 
Gastropoda l .O (l -0) 1.5 (1.0) 1.8 (1.5)' 5.5 (3.1) 9.0 (1.6) 
Nemertinea 1.7 (1.5) 1.5 (1.7) 2.3 (2.1) 1.0 (0.8) 3.0 (2.2) 
Sipuncula 4.7 (3.1)' 0.3 (0.5) 0 1.0 (0 8) 1.0 (1.4) 
Total 'mobile fauna' - - 4.5 (0.6) ' A  8.5 (3.8) 'A 29.5 (12.3) 
'Mobile fish' 2.3 (0.5)' 0.3 (0.5)' 2.3 (1.9) 
'Mobile decapods' - 2.0 (0.8)'A 8.3 (4.O)'A 27.3 (10.0) 
'Mobile' Palaemonetes - - 7.5 (3.4) 21.5 (10.1) 
'Mobile' Penaeus - - 1.0 (0.8) 0.8 (1.0) 4.5 (2.9) 

Differences between treatments significant a t  p <  0.05 
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abundance values of the control cages were signific- 
antly greater than for the cages with P. duorarum. 

Experiments with Palaernonetes intermedius 

In the analysis of laboratory experiment results with 
Palaemonetes interrnedius, 1 control replicate was 
excluded because its total abundance value was sig- 
nificantly different from the other 3 values. Categories 
which showed significant reductions in abundance in 
the aquaria with P. intermedius were total macroben- 
thos, amphipods, decapods, and sipunculids (Table 4 ) .  
Isopods and tanaids showed a 75 % reduction in 
abundance but variances were high and these differ- 
ences were not statistically significant. Molluscs were 
not affected by the presence of P. intermedius. 

In the field experiment, inclusion of Palaemonetes 
intermedius resulted in significant decreases of abun- 
dance of total macrobenthos, polychaetes, decapods, 
and tanaids (Table 4). A significant decrease was also 
found for the gastropods. Among comparisons based 
on the core samples, only the polychaetes showed any 
significant difference between the controls and control 
cages, being more abundant in the controls. Among 
the 'mobile fauna' comparisons, there were signifi- 
cantly lower abundances of total 'mobile fauna' and 
'mobile decapods', but a higher abundance of 'mobile 
fish' in the inclusion cages as compared with the con- 
trols. The control cages had significantly greater 
abundances than for the controls of 'mobile fauna', 
'mobile fish', 'mobile decapods', and 'mobile penaids'. 

A posteriori comparisons between results from the 
control cages and the inclusion cages indicated the 
presence of higher abundances of gastropods as well 
as total 'mobile fauna', 'mobile decapods', and 'mobile 
penaids' in the control cages. Since the control cage 
densities of these groups were also higher in all cases 
than for controls, a significant reduction of predator 
intensity due to the presence of the cage on these 
fauna1 elements is indicated. 

Experiments with Callinectes sapidus 

Total macrofaunal abundance was significantly 
lower in experimental aquaria with Callinectes 
sapidus present than in the control aquaria, mean 
densities having been reduced by 70 % (Table 5). 
Tanaid and gastropod abundances were significantly 
rediiced. Bivalves showed no differences between 
treatment and control, perhaps because of their 
already low density in the control tanks (Table 5). Both 
polychaetes and amphipods showed large reductions 
of mean abundance in the presence of C. sapidus (58 % 
and 75 respectively) but neither difference was 
statistically significant due to large variability. 

Results of the field experiment with Callinectes 
sapidus (Table 5) differed markedly in some respects 
from the tank experiment. Total macrobenthos abun- 
dance was significantly greater in the cages with C. 
sapidus than in either the control cages or controls 
(Table 5, results from ANOVA and S-N-K). This differ- 
ence was due primarily to large increases in 

Table 5. Mean abundances (ind. 225 cm-*; with 1 standard deviation) for 10 and 15 groupings of organisms from tank and field 
experiments with Callinectes sapidus, respectively. N = 4 ,  except n = 3 for field experiment control cages treatment. A: data 

transformed (log) for statistical comparison, untransforrned data given here 

Organisms Tank experiment 

Control Predator 
inclusion 

Field experiment 

Predator Control Control cages 
inclusion 

Total 
Polychaeta 
Amphipoda 
Decapoda 
Isopoda 
Tana~dacea  
Pelecypoda 
Gastropoda 
Nemertinea 
Sipuncula 
Total 'mobile fauna' 
'Mobile fish' 
'Mobile decapods' 
'Mobile' Palaemonetes 
'Mobile' Penaeus 

58.7 (16.2) 
25.0 (11.3) 
13.3 (12.0) 
0.7 (0.6) 
2.7 (4.6) 
1.3 (1.5) 
1.0 ( l .? )  

10.0 (6.1) 
4.3 (3.1) 
0 

30.3 (11.6) 
6.7 (6.4) 

23.7 (5.5) 
18.0 (5.3) 
3.0 (2.0) 

Differences between treatments significant a t  p < 0.05 
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amphipods inside the cages (control < control cages < 
inclusion cages, p < 0.05). 

However, the control samples showed s~gnificantly 
greater abundances of gastropods than either the con- 
trol cages or inclusion cages. No other comparisons 
from the core samples showed significant differences. 
Among comparisons of treatments based on the 
'mobile fauna samples, a significantly greater number 
of fish were found in the control cages than in either 
the controls or inclusion cages. 

DISCUSSION 

All four experiments with the shrimps Penaeus 
duorarum and Palaemonetes interrnedius indicated 
that both species may exert strongly nega t~ve  effects 
on the density of macrobenthos associated with sea- 
grasses in the Indian River. Particularly affected by P. 
duorarum were all the small crustacean groups, a s  
might be expected given the generally epifaunal 
habits of these groups. Surprisingly, in both experi- 
ments it was found that the polychaetes, which have a 
large infaunal component, were also sharply 
decreased in abundance. Observations of P. duorarum 
in the tank experiment indicate that they spend a great 
deal of time burrowed into the sediment and that the 
rhizome mat of Halodule wrightii is of little impedance 
to this activity. Whether the mortality of the 
polychaetes results from direct consumption by P. 
duorarum during these burrowing activities or results 
from sediment disturbance or both these factors is not 
certain. 

Palaemonetes intermedius also caused significant 
decreases in most of the smaller crustacean groups 
except the isopods. P. intermedius was a much less 
effective predator on polychaetes than was Penaeus 
duorarum, possibly due to the fact that P. intermedius 
does not burrow in the sediment to the extent that P. 
duorarum does. The observed impact of P. intermedius 
on density of gastropods was primarily due to 
decreases in the small, relatively thin-shelled species 
Bittium varium. Perhaps more remarkable is that both 
species of shrimps were able to remove almost com- 
pletely the sipunculid Phascolion cryptus which 
primarily inhabits gastropod shells. The role of 
shrimps in the population biology of these two species 
may need closer attention. 

The potential predatory impact of the epibenthic 
shrimps on benthic communities has been little noted. 
Welsh (1975) indicated that the major role of Palaemo- 
netes pugio in a salt marsh ecosystem may be as a 
detritivore. Odum and Heald (1972) suggested that 
Penaeus duorarum and Palaemonetes intermedius are 
at most opportunistic omnivores on the basis of gut 

content analyses. Young et al. (1976) attributed sig- 
nificant predatory effects by decapod crustaceans of 
Indian River seagrass beds largely to the xanthid, 
alpheid, and portunld families. However, Reise (1977) 
documented that the shrimp Crangon crangon is an 
effective predator on the macrofauna of muddy sedi- 
m e n t ~ .  Nelson (1979a) showed that Palaemonetes 
pugio is capable of preying on amphipods, and Bell 
and Coull (1978) demonstrated that this species may 
have significant predation/disturbance effects on the 
meiofauna of a salt marsh. The accumulating evidence 
indicates that the role of several of the families of 
shrimp in structuring macrobenthic communities may 
be much greater than formerly thought. 

Predation by the pinfish Lagodon rhomboides had a 
much smaller effect on the seagrass macrobenthos than 
might have been anticipated, in that no significant 
food preferences for any group of species (from the 
cores) was found in either laboratory or field experi- 
ments. Young and Young (1978) reported a similar lack 
of effects due  to pinfish feeding. These results can be  
explained largely by the fact that pinfish undergo 
considerable alterations in food utilization over the 
growth period from juvenile to adult (Carr and  Adams, 
1973; Adams. 1976; Stoner, 1980). Fish of the size used 
in the present experiments and by Young and Young 
(1978) were shown by Carr and Adams (1973) to feed 
primarily on f ~ s h e s  and shrimps. The larger fishes and 
shrimps were Indeed the only groups apparently prefe- 
rentially consumed in the f ~ e l d  enclosures relative to 
the control cages. Experimental predation intensity 
may also be important, and although higher than that 
reported by Young and Young (1978), may still have 
been too low for the short duration of the experiment. 
In spite of these results it should be  recognized that 
considerable evidence indicates that smaller pinfish 
can be extremely important predators in seagrass 
ecosystems (Carr and Adams, 1973; Adams, 1978; Nel- 
son, 1797a, 197913; Stoner, 1979, 1980). The control 
cages in this experiment appear to have acted to 
exclude effectively such smaller size classes of L. 
rhomboides, resulting in the observed increases in 
smaller decapods, primarily Hippolyte pleurocantha 
and Pagurus c.f. bonairensjs, and the isopods 
Cymodoce faxoni and Erichsonella attenuata. This is 
further evidence that predation in general has a sig- 
nificant impact on species densities of some organisms 
in Indian River seagrass beds. 

The experiments with the blue crab Callinectes 
sapidus were equivocal at  best, with a significant 
decrease of total macrobenthos occurring in the 
laboratory experiment and a significant increase 
occurring in the crab inclusion cages in the field exper- 
iment. In fact, amphipod abundances in the field 
experiments, primarily due  to Cymadusa compta, were 
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greater than controls and greater in the crab inclusion 
cages than in the control cages. One possibility is that 
the crabs effectively reduced the density of other 
amphipod predators Inside their cages, allowing a 
greater increase than would have occurred otherwise. 
That this predator reduction may have occurred is 
indicated by the greater abundance of fish in the con- 
trol cages a s  compared with the crab cages. Such a 
difference in predator density may also explain the 
observed decrease in gastropods in the control cages. 
One indication of this is that the small gastropod Bit- 
tium varium, which could be easily consumed either 
by crabs (Orth, 1977) or fish (Adams, 1976), decreased 
in both cage  treatments whereas the larger, stout shel- 
led Nassarius vibex decreased only in the crab enclo- 
sures. The apparent ineffectiveness of the crabs in 
reducing densities of groups other than the gastropods 
in the field experiment may be the result of an insuffi- 
cient predator density for the short experimental dura- 
tion or to the large size of the C. sapidus used. Whether 
predation by C. sapidus was hindered also by the 
presence of the relatively more intact rhizome mat in 
the field a s  compared with the tank experiment is not 
known. It is also possible that larval recruitment, 
which could occur in the field but not in the tank 
experiment, may have generated some of the differ- 
ences observed in the 2 sets of experiments. 

Comparisons among the field experiments indicate 
interesting relationships between certain taxa and pre- 
dation. In all cases, the amphipods showed increases 
inside control cages as compared w ~ t h  the uncaged 
controls. These results support other evidence (Young 
and Young, 1978; Nelson et al . ,  in press) that the 
amphipods of the Indian River seagrass habitats are 
strongly subject to predation. Other groups show little 
consistent relationship to the presence of cages acting 
to exclude predators, confirming the conclusion of 
Young et al .  (1976) and Young and Young (1978) that 
great variability and unpredictability exists In the 
response of a given species of seagrass macrobenthos 
to caging. One factor which may explain some of this 
variability is the relationship of polychaete and 
decapod abundances (Nelson, in press). Polychaete 
abundance shows a significant negative exponential 
relationship with decapod density which rapidly levels 
off beyond a density of approximately 20 decapods per 
0.25 m2 and is little affected by even sizable increases 
in decapod abundance beyond this point. Thls rela- 
tionship appears independent of the presence of a cage 
or of season. An important implication for predator 
exclusion experiments in this seagrass habitat is that if 
a cage structure contains more than a density of 
approximately 80 per m2 of even such small decapods 
as Palaemonetes intermedius, no reduction of preda- 
tion pressure on the polychaetes may result from the 

supposed 'predator exclusion' structure. An additional 
factor causing variability may be the recruitment of 
decapod crustaceans into cage structures (R.  W. Virn- 
stein, pers. comm.). Even with the small mesh size and 
short term nature of the present experiments, some 
evidence of decapod recruitment into cages occurred. 
Such problems may have contributed to the unpredict- 
able and often non-significant responses of 
polychaetes to predator exclusion observed by Young 
and Young (1978) and Virnstein (1978). 

Having demonstrated the decapod crustaceans to be  
potentially important predators regulating densities of 
seagrass macrobenthos, it is necessary to consider their 
actual significance. Because of their short duration, the 
experiments utilized predator densities higher than 
estimated mean abundances in the seagrass beds 
(Gore et  al., 1981). However, the densities used may 
not be totally unrealistic. Given the extreme difficul- 
ties in effectively sampling decapod crustaceans in 
seagrass (Virnstein, pers. comm.), densities may be 
higher than estimated by the seining techniques used 
by Gore et al. (1981). The density of Palaemonetes 
interrnedius in one control cage was of the same order 
as in the experiments. Decapod species may be suffi- 
ciently dense In local patches to regulate densities of 
seagrass associated macrobenthos. Aggregations of 
decapods such as those observed also may produce 
significant spatial patchiness in the macrobenthic as- 
semblage. 

The evidence gathered from the present experiments 
indicates that the primary food webs in seagrass 
ecosystems may be far more complex than previously 
indicated (Kikuchi, 1966; Littlejohn et a l . ,  1974). The 
presence of a diverse and abundant class of oppor- 
tunistic omnivores in addition to the numerous car- 
nivorous fishes may yield a predator regulated com- 
munity (at the lower trophic levels; Menge and Suther- 
land, 1976) fundamentally different in its structure and 
stability than other systems, e .g .  some rocky intertidal 
communities. This possible difference is due  to the fact 
that a single keystone species per s e  may be  lacking in 
seagrass systems, at least in respect to the overall 
macrobenthic food web. The significance of the key- 
stone species concept is also considerably obscured in 
seagrass systems by ontogenetic changes in diet of 
some important species, e.g.  Lagodon rhornboides 
(Stoner, 1980), so that a given species' role may greatly 
change throughout the course of a year. Whether the 
decapod crustaceans as a group serve the equivalent 
function of the keystone species is unclear. 
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