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Host use patterns and demography in a guild of 
tropical sponge-dwelling shrimps 

J. Emmett Duffy* 
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ABSTRACT: Demographic consequences of the commensal lifestyle for shrimps Synalpheus spp. were 
assessed by sampling sponges and coral rubble on reefs in Caribbean Panama. Eight of 22 species were 
found solely or primarily within the internal canals of sponges. Among these sponge-dwellers, host 
specificity ranged from generalism (occurrence in 2 4  host species) to specialization on a single host 
species, and sponges used in the field were also preferred in laboratory choice assays. Living in 
sponges had important consequences for shrimp populations. Parasitism by epicaridean isopods aver- 
aged 6 times higher in obligate sponge-dwellers (17 %) than in free-living species (2.5 %). Sponge 
species differed in the mean size and size range of habitable spaces they provide, number of potentially 
competing Synalpheus species they support, and vulnerability of associated shrimps to parasitism. 
Similarly, conspecific shrimp populations occupying different hosts differed demographically. 
Specifically, populations of Synalpheus brooksi in the sponge Spheciospongia vesparium were signifi- 
cantly less dense, less parasitized, had larger body sizes, and tended toward higher proportions of 
mature females than conspecifics in the CO-occuring sponge Agelas clathrodes. High host specificity, 
regional variation in host use, and demographic and genetic differentiation among conspecific shrimps 
in different host species suggest that the commensal lifestyle has pervasive, and potentially evolution- 
arily important, consequences for the population biology of this diverse group of shrimps. 

INTRODUCTION 

Snapping shrimps in the genus Synalpheus are among 
the most diverse decapod crustaceans in shallow tropi- 
cal waters, with over 100 species worldwide and 30 
presently recognized from the Caribbean region (Banner 
& Banner 1975, Dardeau 1984, Chace 1989). Alpheids 
generally, and Synalpheus in particular, are also anlong 
the most abundant mobile macrofauna in coral reef 
environments (Reed et al. 1982, Snelgrove & Lewis 1989, 
Moran & Reaka-Kudla 1991) and the crackling sound 
produced by large numbers of these shrimps snapping 
their chelae is familar to scuba divers throughout the 
tropics. While many snapping shrimps are 'free-living' 
inhabitants of dead coral, loose rubble, or sediments, the 
family also includes a large number of species that asso- 
ciate with other invertebrates, including sponges, corals, 
sea anemones, sea urchins, and crinoids (Banner & 
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Banner 1975, Knowlton 1980, Dardeau 1984, Nakashima 
1987). Many alpheids live in mated pairs as adults, and 
some vigorously exclude conspecifics from occupied 
hosts (Knowlton 1980, Nakashima 1987). 

Intimate associations such as those between shrimps 
and sessile invertebrates are widely recognized as a hall- 
mark of tropical marine communities (Kaplan 1982, 
Levinton 1982); however, the nature of the interactions 
between species involved in most such associations is not 
well established. In recognition of this uncertainty, the 
generic term 'guests' is often used for the small motile 
animals that associate with sessile 'hosts' (Roughgarden 
1975, Vermeij 1983). This terminology entails no as- 
sumptions about whether the 2 parties are obligate or 
casual associates, or whether their impact on one another 
is positive, negative, or neutral. Similarly, for associations 
that are not clearly parasitic or mutualistic, I use the term 
commensalism, which connotes that one party (i.e. the 
guest) benefits from the association while the other (the 
host) is not significantly affected (Lincoln et al. 1982). Use 
of these terms is of course provisional, pending evidence 
of specific effects of one party on another. 
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Of the diverse array of sessile organisms that abound 
on tropical reefs, one of the taxa most frequently used 
as hosts by commensal animals is the sponges. This is 
probably due In large part to the abundance of aquif- 
erous canals that permeate the tissues of many sponge 
species and allow exchange of water with the environ- 
ment; these canals are  exploited as living spaces by a 
wide variety of small motile invertebrates (Pearse 
1932, 1950, Dauer 1973, Westinga & Hoetjes 1981). 
In the Caribbean, species of Synalpheus are  among 
the most characteristic and abundant inhabitants of 
sponges. More specifically, most Synalpheus species 
that have been reported from sponges in this region 
belong to the gambarelloides group (Dardeau 1984), a 
morphologically distinctive suite of species character- 
ized by a brush of setae on the minor first chela 
(Coutiere 1909). The gambarelloides group is found 
almost exclusively in the tropical West Atlantic, and 
includes nearly two-th~rds or Lhe described species 
of Caribbean Synalpheus (Dardeau 1984), several of 
which exhibit direct or abbreviated larval develop- 
ment (Dobkin 1965, 1969). 

Despite their abundance and diversity, the distribu- 
tion and habits of the majority of Synalpheus species 
are  poorly known. To ascertain in more detail the 
habitat specificity of these shrimps and the conse- 
quences of their commensal lifestyle, I sampled both 
sponges and  coral rubble from reefs in Caribbean 
Panama. Here I describe the distribution of Caribbean 
Synalpheus species between sponges and coral 
rubble, the population characteristics of the most 
abundant Synalpheus species occupying 4 common 
sponge species in this area,  and the results of some 
simple experiments assessing their host specificity. 

METHODS 

Study site and sampling. Sampling and experiments 
were conducted in the vicinity of the Smithsonian 
Tropical Research Institute's field station in the San 
Blas Islands on the Caribbean coast of Panama 
(9'34' N, 78'58' W). This area comprises numerous 
small islands and patch reefs supporting a n  abundant 
and diverse sponge fauna. More than 20 sponge species 
(n = 1 to 4 each) were initially sampled in October- 
November 1988 in a search for Synalpheus species; 
most species produced none. Four species were then 
selected for further examination based on the consis- 
tently dense populations of Synalpheus species they 
supported. These were the following (identified by 
Belinda Alvarez and Klaus Ruetzler, National Museum 
of Natural History, Srnithsonian Institution). 

The loggerhead sponge Spheciospongia vesparium 
(Order Hadromerida), is a common and conspicuous 

inhabitant of shallow waters throughout the tropical 
and  subtropical West Atlantic. This dark, pillow- 
shaped sponge grows in seagrass beds, coral reefs, and 
other nearshore habitats at depths as shallow as 1 m,  
and it frequently approaches 1 m in diameter (Kaplan 
1982). The commensal fauna inhabiting S. vesparium 
has been extensively sampled (Pearse 1932, 1950, 
Westinga & Hoetjes 1981, Dardeau 1984, Erdman & 
Blake 1987). In the San Blas Islands, I sampled this 
sponge from seagrass beds and reefs < 6 m deep. 

Agelas clathrodes (Order Axinellida) is a bright 
orange, lobate sponge characteristic of reef slopes 
(Zea 1987). Although there are  no published accounts 
of the commensal fauna associated with this species, 
the fauna of its congener A. dispar has been studied 
in both the Gulf of Mexico and the Bahama Islands 
(Dardeau 1984). I sampled this species from Agua- 
dargana reef in depths of 15 to 20 m,  where it com- 
monly reached a size of several liters in voliime. 

Niphates amorpha (Order Haplosclerida) is a purple 
to gray, cushion-shaped sponge that encrusts hard 
substrata (Wiedenmayer 1977, van Soest 1980), reach- 
ing the size of a fist or somewhat larger. In the San Blas 
Islands it occurs from depths of a few meters a t  least to 
20 m. I sampled this species from Aguadargana reef. 

Xestospongia rosariensis (Order Haplosclerida) 
grows as a rigid, chocolate-brown tube or cluster of 
tubes extending from a n  encrusting base (Zea & 
Rutzler 1983, Zea 1987). In the San Blas Islands these 
tubes reach ca 50 cm in length, and occur in water 
depths of < 2 m to at  least 20 m. I sampled this species 
from several reefs in the San Blas Islands. 

Animals associated with these 4 sponge species were 
collected by sealing sponge samples in plastic bags 
underwater, and removing associated animals in the 
lab. Nine or ten individual sponges of each species 
were quantitatively sampled (i.e. sponge wet mass was 
measured). Samples of Niphates amorpha, smaller 
Xestospongia rosariensis and smaller Agelas clath- 
rodes (< ca 1 1 in volume, as estimated by eye) were 
removed whole from the substratum; Spheciospongia 
vesparium, larger A. clathrodes, and larger X .  rosa- 
riensis were subsampled by cutting a piece of several 
hundred rnl in volume from the sponge jn situ. I at- 
tempted to collect samples of similar volume for the 
4 species although samples of N. amorpha (small 
sponges, which were collected whole) tended to be  
smaller than those of other species. Each sponge 
sample was placed In a tub of water, cut into slices 
I l cm in thickness, and examlned carefully; shrimps 
were removed alive from sponges and preserved. 
Since some sponges were subsampled, species of 
guests that occupied these sponges in only small num- 
bers may have been missed. However, a large number 
of specimens of these sponges were examined during 
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the course of the experiments described below, and 
support the conclusions from the quantitative samples 
that I have identified all Synalpheus species that 
normally occur in these sponges at this site. 

In addition to sampling individual sponges I also 
searched for Synalpheus species in eroded, sponge- 
encrusted coral rubble. In January 1991, a large 
volume, estimated at a total of 1.5 to 2 m3, of this 
material (hereafter 'rubble') was removed from reefs at 
Ulagsukun, Pico Feo, Guigalatupo, Mamitupo, and 
Porvenir Islands (see Robertson 1987 for map) and 
returned to the lab in buckets, where it was broken up 
with a hammer. All specimens of Synalpheus species 
found were preserved and scored as being either asso- 
ciated or unassociated with (usually unidentified) 
sponges at the time of discovery. Most shrimps found 
in association with sponges were still inside the inter- 
nal canals of the sponges when discovered, suggesting 
that the disturbance involved in collection did not 
appreciably change their patterns of distribution; how- 
ever, because of the uncertainty in these assignments, 
I designated a species as primarily sponge-dwelling 
only if 280 % of specimens collected were found in 
association with sponges. 

Voucher specimens of all Synalpheus species col- 
lected are being deposited in the National Museum of 
Natural History, Smithsonian Institution. 

Shrimp demography. All Synalpheus individuals col- 
lected were identified to species, sexed, and examined 
for parasitic isopods which, when present, were identi- 
fied following Markham (1985). Synalpheus species 
richness (S) and diversity (Shannon-Wiener H') were 
computed for each sponge sample. Mature female 
Synalpheus species were identified by the presence of 
healthy, developing eggs and/or by rounded first ab- 
dominal pleura. There are no morphological characters 
that reliably distinguish mature males from juveniles of 
either sex in Synalpheus species (Dardeau 1984), so 
these categories were combined here; non-females 
similar in size to ovigerous females are presumably 
mature males. Fecundity was not estimated because 
eggs were sometimes separated from females during 
sample handling and sorting, and I was thus not 
confident that they could be counted reliably. 

Carapace length (CL, from base of rostrum to pos- 
terior margin of carapace) was measured, using an 
ocular micrometer, as an index of body size in a subset 
of the individuals from each sponge sample. The sub- 
set was selected as follows. First, all unparasitized 
females (which usually comprised well under half the 
sample) were measured. If  the remaining unpara- 
sitized males and juveniles numbered less than 20, all 
were measured; otherwise the smallest and largest 
individuals were selected and measured to include the 
extremes of the size range in the sample, after which 

individuals were selected randomly (using a random 
numbers table) from the remaining individuals until a 
total of 20 unparasitized individuals had been meas- 
ured. Thus, for each sponge sample, I measured up to 
20 individuals, including all females and the entire size 
range of the sample. With 9 to 10 samples from each 
sponge species, this amounted to 70 to 195 individuals 
of each species measured. 

Synalpheus brooksi was common in 2 of the sampled 
sponge species. To assess the impact of differences 
among host species on shrimp demography, I com- 
pared population density, body size, proportion of 
mature females, and incidence of parasitism between 
populations of S. brooksi from Agelas clathrodes 
and Spheciospongia vesparium using Mann-Whitney 
U-tests. 

Substratum selection. To test shrimp preference for 
association with sponges versus other common sub- 
strata, I offerred shrimps a choice of (1) the sponge 
species from which they were collected. (2) coral rub- 
ble bearing no obvious macroscopic organisms, and 
(3) seagrass Thalassia testudinum in the laboratory. 
The latter 2 substrata were used because many of the 
Synalpheus specimens discussed in Chace's (1972) 
monograph were reportedly collected from dead coral 
and seagrass beds; similarly coarse-scaled distribution 
records characterize many other published reports of 
Synalpheus species. In preparation for the assay, 
sponges were cut into pieces approximately 4 X 4 X 

1 cm in size, then suspended in a mesh bag under the 
dock where they were allowed to bathe in fresh sea- 
water for at  least 30 min prior to the assays. Treatment 
of sponges in this way generally ensured that water 
remained unfouled for the duration of the assay. In 
each assay (n = 7 to 34 per assay, depending on avail- 
ability of shrimps and sponges), a piece of host sponge 
from which all associated animals had been removed, 
a similar-sized piece of coral rubble, and a shoot of 
seagrass bearing 3 blades were placed together in a 
12.5 cm diameter bowl filled with about 400 m1 of 
seawater. No other substratum (e.g. sediment) was 
present. Shrimps of a single species were then intro- 
duced, either singly or in a group (depending on the 
assay), to the bowl and allowed to distribute them- 
selves among the substrata overnight. In the morning, 
each substratum was quickly removed from the bowl, 
dipped briefly in freshwater to dislodge the shrimps, 
and the number of shrimps on each substratum was 
scored. Assays were performed for S. brooksi (from 
Agelas clathrodes), S. bousfieldi, S. longicarpus, S. 
pectiniger, and S, rathbunae. 

I also tested preferences of each shrimp species 
among the sponges Spheciospongia vespanum, Agelas 
clathrodes, Niphates amorpha, and in some cases 
Xestospongia rosariensis. As in the previous assay, 
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sponges were cut into pieces, allowed to bathe in sea- 
water beneath the dock, and l piece of each sponge 
species was placed in a bowl. Shrimps were then intro- 
duced to replicate bowls (n = 9 to 32 per assay), 
allowed to distribute themselves overnight, and their 
positions were recorded in the morning. Assays were 
run for the same species as in the last assay, plus 
Synalpheus brooksi from Spheciospongia vespanum. 

In initial assays of both types, shrimps were added in 
conspecific groups (10 to 20 individuals, depending on 
the assay) to each replicate; later assays used only a 
single shrimp per replicate. In assays where groups 
were used, the data were analyzed by counting the 
number of shrimps associated with each substratum 
and ranking the substrata within each replicate by this 
number. Differences among substrata in the frequency 
of being ranked highest were analyzed with G-tests 
(see Hay et al. 1988). In assays where a single shrimp 
was added to each replicate, differences among sub- 
strata in the number of associated shrimp were deter- 
mined with a subdivided Chi-square analysis (Zar 
1974), using an overall alpha value determined by 
dividing 0.05 by the total number of comparisons 
anticipated. In some assays, a few shrimps were not 
associated with any of the substrata at the end of the 
experiment. These cases are shown in the figures but 
are not included in analyses. 

Space available in sponges. To characterize the sizes 
of canal spaces that are available to shrimps, 10 
sponges of each species were cut into thin slices, clear 
plastic sheets were placed over the slices, and the 
perimeter of each canal was traced on the plastic with 
a felt-tip pen. For each species, the 5 largest slices from 
each sponge were traced. Size distributions of spaces 
tvere measured by placing a grid of 100 points 
(regularly spaced at 1 cm intervals) over the tracing 
and, for each point that fell over a space, measuring 
the shortest dimension of that space. Since the canals 
of these sponges were generally cylindrical and con- 
tinuous throughout the sponge, the shortest dimension 
in cross-section appeared to approximate the diameter 
of the canal regardless of the angle at which the 
sponge had been sectioned. These measurements 
tvere intended to estimate the maximum body width 
that shrimps using the canal spaces could attain. On 
each of the 5 slices of an individual sponge, the first 10 
points falling over canal spaces were measured, yield- 
ing 50 measurements per individual sponge, and 500 
measurements per species. For comparisons among 
sponge species, mean and coefficient of variation (CV) 
of canal diameter were calculated for each individual 
sponge (thus n = 10 per sponge species) and these 
values were used as the data in statistical analyses. 

Space use by cohabiting shrimps. To assess whether 
shrimps CO-occuring in the same sponge preferentially 

used spaces of different sizes, laboratory experiments 
were performed with Synalpheus brooksi and S. longi- 
carpus, the 2 species most regularly found sharing 
the same sponge. In each experiment, shrimps were 
offered 2 substrata, 1 bearing small holes and the other 
large holes (see next paragraph). The substrata were 
pieces (3 X 3 X 1.5 cm) of the sponge Cinachyrella allo- 
clada, which lacks macroscopic canals and can be per- 
forated with artificial canals of the desired diameter. 

Canal size preference of Synalpheus brooksi was 
tested by placing 2 shrimps in a 10 cm diameter bowl 
(n = 28) filled with 150 m1 of seawater and containing 1 
substratum with two 9 mm diameter holes and 1 with 
eight 5 mm diameter holes. After 12 to 24 h, the posi- 
tion of each shrimp (i.e. which substratum was occu- 
pied and whether the shrimp was inside a hole or on 
the outer surface of the substratum) was recorded. 

For Synalpheus longicarpus, a single shrimp was 
placed in each replicate (n = 35), and Lhe substrala 
bore either three 9 mm diameter holes or three 7 mm 
diameter holes. The smaller holes were 7 mm in dia- 
meter, rather than 5 mm as in the above experiments, 
because adult S. longicarpus were generally too large 
to occupy 5 mm holes but could occupy 7 mm holes. 
Position of each shrimp was recorded after 10.5 to 12 h. 

RESULTS 

Host and habitat associations of Panamanian 
Synalpheus 

Nine species of Synalpheus were found in the 4 
sponges (Table 1); all of these except the single indi- 
vidual S. townsendi belonged to the morphologically 
distinctive gambarelloides species group (see Dardeau 
1984). The rubble collections produced 7 of these same 
species, together with 13 others (Table 2). Both the 
number (S) and diversity (H') of Synalpheus species 
per sample differed significantly among the 4 sponge 
species, with Spheciospongia vesparium highest in 
both measures (Table 3).  Different shrimp species 
dominated in each of the 4 sponges (Table 1). 

Using pooled data from sponge (Table 1) and rubble 
(Table 2) collections, Synalpheus species were classified 
as sponge-dwellers if 280 O/o of the total collected 
specimens were found in association with sponges. 
Since volume was not measured for either sponges or 
rubble, it is not possible to estimate rigorously the 
relative population densities of shrimps in these 2 
habitat types; on the other hand I am confident that I 
searched a considerably larger total volume of rubble 
than sponges. This difference in collecting effort should 
bias against finding a species primarily in sponges, and 
should thus make my classification of a species as a 
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Table 1. Shnmp found In 4 common sponge specles In the San Blas 
Islands, Panama. ' Spec~es  found only In sponges (1.e. not found In rubble, 

Table 21 

Sponge S h r ~ m p  Frequency Total ' X ,  of 
( %  of samples) no total 

P 

Agelas 'Synalpheua blooksl 100 446 98 
cla throdes Upogebla synagelas 20 7 2 
(n  = 10) S agelas 4 0 5 1 

S townsend1 10 1 <l  
S longlcarpus 10 1 < l  

Spliec~ospong~a S longlca~pus 100 181 58 
vesparium ' S  brooks1 56 106 34 
( n  = 9) ' S  pectlnlger 67 26 8 

S mac cl end on^ " 
Alpheus cyhndricus" 

N~phates  amorpha ' S  bousfieldl 100 391 100 
(n  = 10) Perlcllmenes sp  10 1 < l  

Xestospongia S ~athbunae 100 476 8 8  
rosa~ lens~s  S paraneptunus 60 37 7 
(n  = 10) P lridescens 30 20 4 

P caraiblcus 20 3 <l  
S longlcarpus 10 2 < l  

"These  specles d ~ d  not occur In the quant~tatlve samples but were 
found In other collect~ons at t h ~ s  s ~ t e  

sponge-dweller conservative. For example, 
only 17 specimens (8 % of the total found) of 
S. longlca~pus were found in the 1.5 to 2 m" 
of rubble examined (Table 2 ) ,  while 
184 specimens (92 'K) were found in the 
sponge samples (Table l ) ,  which probably 
amounted to < 0.25 m'. Species represented 
by a total of < 4  specimens were judged too 
rare to categorize accurately in this way. 
Using these criteria, 8 of 12 species (67 'X,) in 
the gambarelloides group, and none of 6 
species (0 %) outside this group were classi- 
fied as sponge-dwellers (those marked by ' 
in Tables 1 & 2) .  There is thus a significantly 
higher frequency of the sponge-dwelling 
habit among species in the gambarelloides 
group (p  = 0.011, Fisher's exact test) than 
among species outside the group. 

Shrimp demography 

For most of the sponge-dwelling Synal- 
pheus species studied, individuals ranglng 
from postlarvae to mature adults were 

Table 2 Synalpheus spp found In coral rubble In the San Blas Islands, Panama 'Spec~es  for whlch 2 8 0  % of total speclmens 
found (Tables 1 & 2 pooled) were assoc~ated with sponges, these are  considered pnmarlly sponge-dwelling specles S p e c ~ e s  for 

which < 4 speclmens \yere collected were not class~fied as to degree  of sponge-dwel l~ng 

S h r ~ m p  No. in No. not in Total no. ",, in 
sponges sponges found sponges 

P 

Gambarelloides species 
'Synalpheus rathbunae" 110 7 117 94 
' S .  paraneptunus" 22 4 26 85  
S. pandionis 9 14 23 3 9 

' S .  longicarpus" 10 7 17 5 9 
S. goodei 5 5 10 50 

'Synalpheus sp. A (near rathbunae) 10 0 10 100 
S. niacclendon~" 0 9 9 0 

' S  bousfieldi " 4 1 5 80 
S. anas~mus 1 3 4 25 
S dlsparodigltus 0 3 3 
S barahonensis 0 2 2 

'S .  agelasa 0 1 1 

Non-gambarelloides species 
Synalpheus brevlcarpus 3 15  18 
S. dominicensjs 0 15  15 
S. fr~tzmuelleri 2 12 14 
S. scaphoceris 0 13 13 
S ,  m n u s  0 14 14 
S. townsendi 1 11  12 
S. hemphilh 1 0 1 
Synalpheus sp D (near brevicarpus) 0 1 1 

"Species also found in quantitative sponge samples (Table 1)  
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Table 3. Synalpheus spp. Number ( S )  and diversity (H') of shrimp species 
associated with 4 host sponge species from the San Blas Islands. Panama. 
Values are expressed as mean (+ 1 SE) per sample. Superscript letters 
distinguish species that differ significantly (p < 0.05, Kruskal-Wallis, 

followed by joint-rank Ryan tests) 

Sponge Synalpheus spp. 
S per sample H' per sample 

Spheciospongia vesparium (n = 9) 2.53 f 0.17 A 0.622 f 0.075 A 

Xestospongia rosariensis (n = 10) 1.70 f 0.21 0.215 f 0.075 *' 
Agelas clathrodes (n = 10) 1.60 f 0.27 0.070 + 0.032 ' 
Niphates arnorpha ( n  = 10) 1 0 B 

found in sponges (Fig. I ) ,  supporting the conclusions 
from sponge and rubble sampling that these species 
live obligately or primarily in sponges. Nevertheless, 
density, sex ratio, and host specificity differed among 
these species, as well as between conspecific popula- 
t ~ o n s  in different hosts (Table 4 ) .  

Synalpheus brooksi was an obligate sponge-dweller, 
being entirely absent from the rubble (Table 2), and 
was abundant in 2 of the sampled sponge species 
(Table 1).  Interestingly, there were several demo- 
graphic differences between S. brooksi populations in 
Spheciospongia vesparium and Agelas clathrodes 
(Table 4). Population density (normalized to sponge 
wet mass) of S. brooksi was nearly an order of 
magnitude lower in S. vesparium, which it commonly 
shared with 1 or 2 other Synalpheus species, than in 
A. clathrodes, in which it was usually the only member 
of the genus present. S. brooksi individuals were also 
significantly larger, on average, in S. vesparium (mean 
C L  + 1 SE = 3.11 f 0.07 mm) than in A. clathrodes 
(2.83 + 0.05, p = 0.001, Mann-Whitney U-test), with a 
similar trend for maximum size per sample (p = 0.075, 
Mann-Whitney U-test, see Fig. 1). Finally, there wa.s a 
trend (p  = 0.076. Mann-Whitney U-test) toward a lower 
proportion of mature females in the dense populations 
of S, brooksi from A. clathrodes (Table 4). 

Synalpheus pectiniger and S. longicarpus were also 
common in the loggerhead sponge Spheciospongia 
vesparium in Panama (Table l), as they are in the Gulf 
of Mexico (Dardeau 1984, Erdman & Blake 1987). 
Synalpheus pectiniger was an obligate sponge-dweller 
and a specialist on Spheciospongia vesparium, though 
it was the least abundant of the 3 species commonly 
found in this sponge (Table 1). Synalpheus longicarpus 
was a host/habitat generalist. In addition to occupying 
all specimens of Spheciospongia vesparium sampled 
(Table l), Synalpheus longicarpus also occurred in 
rubble (Table 2),  and a very small number of juveniles 
was found in Agelas clathrodes and Xestospongia 
rosariensis (Table 1). Adults of both Synalpheus pec- 
tiniger and Synalpheus longicarpus tended to occur 
in mated pairs. 

Synalpheus bousfieldi was an  obligate 
sponge-dweller. The great majority of indi- 
viduals was found in Niphates amorpha, 
in which S. bousfieldi was the sole Synal- 
pheus species present and occupied all 
specimens sampled (Table 1).  Whereas 
the sponge-dwelling Synalpheus species 
discussed above showed approximately 
equal sex ratios in adult size classes 
(Fig. l) ,  S. bousfieldiexhibited a highly un- 
usual population structure: each sponge, 
which ranged in wet mass from 12.9 to 
30.0 g and were sampled whole, contained 

a single female bearing developing embryos (with the 
exception of 1 sponge in which no female was found); all 
other individuals, up to 60 in a single sponge, were 
males and juveniles (Fig. 1). In 5 of the 6 samples which 
contained an undamaged (i.e. measurable) female, this 
lone female was the largest individual in the sample. 

Synalpheus rathbunae was also an obligate sponge- 
dweller, inhabiting all Xestospongia rosariensis 
sampled (Table 1) as well as 1 or more unidentified 
encrusting sponge(s) in the rubble (Table 2). The 
S. rathbunae population was strongly biased toward 
males in adult size classes (Fig. 1, Table 4), as was 
S. bousfieldi. Most X. rosariensis sampled contained 
more than 1 female S rathbunae, however. All females 
carried developing, apparently healthy embryos, in 
contrast to other reports of S. rathbunae (Coutiere 
1909, Chace 1972). 

Synalpheus paraneptunus was found in relatively 
small numbers in Xestospongla rosariensis (Table 1) 
and in rubble, usually in association with unidentified 
sponges (Table 2). 

For all Synalpheus species in this study, virtually all 
individuals with female morphology (rounded first 
abdominal pleura) carried healthy eggs or embryos. 

Parasitism 

Parasitism by epicaridean isopods was common 
among sponge-dwelling Synalpheus species, and 
appeared to be enhanced by the commensal habit: 
among the 12 gambarelloides species represented by 
> 4  specimens, incidence of parasitism was positively 
related to the percentage of individuals found in asso- 
clation with sponges (r = 0.60, p = 0.038, Fig 2). 
Parasitism was about 6 times higher (mean = 16.6 %) in 
the 4 species found exclusively in sponges than in the 
4 species with fewer than 50 % of individuals in 
sponges (mean = 2.5 % infected, Fig. 2). This relation 
was calculated only for the gambarelloides species 
since all species outside this group were primarily free- 
living (Table 2) ,  and most of the latter supported no 
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parasites in my collections. However, the 
scarcity of parasites in the free-living non- 
gambarelloides species is consistent with 
the conclusion that sponge-dwelling in- 
creases the incidence of parasitism. 

Incidence of parasitism also differed be- 
tween conspecific populations in different 
sponge species (Table 4). Populations of 
Synalpheus brooksi from Agelas clath- 
rodes supported a significantly greater 
number of branchial bopyrid isopods 
than did conspecifics from Spheciospongia 
vesparium (p  = 0.003, Mann-Whitney U- 
test). Conversely, Synalpheus brooksi 
from Spheciospongia vesparium tended to 
host more internal (probably entoniscid) 
parasites (p  = 0.058, Mann-Whitney U- 
test, Table 4) .  In Synalpheus brooksi pop- 
ulation~ from both hosts, branchial para- 
sites consisted mainly of the bopyrid 
Bopyrione synalphei but a few Synsynella 
choprae were also present in populations 
from Spheciospongia vesparium. 

Synalpheus longicarpus from Sphecio- 
spongia vesparium was infected by the 
branchial bopyrid Synsynella deformans, 
the abdominal bopyrids Hemiarthrus 
synalphei and Azygopleon schmitti, and 
unidentified internal isopods, all at 
relatively low frequencies (Table 4). 

Synalpheus bousfieldi from Niphates 
amorpha, and Synalpheus rathbunae from 
Xestospongia rosariensis, were parasitized 
primarily by unidentified internal isopods 
(Table 4 ) .  

Substratum selection 

As expected, Synalpheus species found 
with sponges in the field strongly pre- 
ferred to associate with sponges, relative 
to sponge-free coral rubble and Thalassia 
testudinum, in lab assays (Fig. 3). When 
offered a choice of sponge species, 
shrimps generally associated preferen- 
tially with the sponge from which they 
were collected in the field (Fig. 4 ) .  The 
exception to the latter pattern was S. 
brooksi, which was found in both Agelas 
clathrodes and Spheciospongia vespar- 
ium in the field. Synalpheus brooksi col- 
lected from A. clathrodes showed no pref- 
erence between these 2 sponges in the lab 
assay; surprisingly, Synalpheus brooksi 

S. brooksi FROM Ag&s Agelas clathrodes 

O N = 1 4 6  

20 
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2 4 6 8  

Spheciospongk vesparium 
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Fig. 1. Synalpheus spp. Size distributions of common sponge-dwelling 
shrimp (carapace length, at left within each box), and of spaces available 
within their host sponges (canal width, at right) from the San Blas Islands, 
Panama. (B ) Ovigerous female shrimps; ( 0 ) adult males and luveniles of 
both sexes (which are not morphologically distinguishable) Boxes enclose 
shrimp species with the sponge in which they occur. Mean and coefficient 
of variation (CV) of canal widths are given for each of the 4 sponges 
based on 50 measurements on each of 10 sponges per species (n = 10 
per species); values differing significantly from those of other sponges 
(p<0.05, ANOVA followed by Ryan's 0-test) are represented by different 

superscript letters 
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Table 4. Synalpheus spp. Demographic data for sponge-~nhabiting shrimp in the San Blas Islands, Panama. Ten sponges of each 
species were sampled, except for Spheciospong~a vesparium (n = 9). Llsted in parentheses below each species are the no. of 
samples in which shrimps occurred, and the total no. of shnmps measured, respectively. Populations of S. brooksi inhabiting 
Agelas clathrodes versus Spheciospongia vespariurn were compared with Mann-Whltney U-tests; significant differences 
(p i0 .05)  between Synalpheus brooksi populatlons in the 2 host species are ~ndlcated by different capitalized letters. Niphates 

= ~Viphales amorpha; Xestospongia = Xestospongia rosariensis 

S. brooksi S. brooks; 
from from 

Agelas Spheciospongia 
(10, 402) (5, 177) 

S. long~carpus 
from 

Spheciospongia 
(9, 279) 

S. bousfieldi 
from 

Niphates 
(10, 363) 

S. rathbunae 
from 

Xestospongia 
(10, 450) 

p- p- 

Population density 
(no. g-l sponge) 0.279 + 0.038 A 0.043 _+ 0.006 

% Mature females 10.0 + 0.9 23.1 f 6.4 

Incidence of parasitism (X) 
Branchial 25.9 + 3.1 A 6.7 t 3.1" 
Abdominal 0 0 
Internal 0.9 f 0.6 9.8 f 5.4 
Total 27.2 f 3.3 17.7 f 4 8 

.S. Duusfieldj pol~ulaliuns ill lViplldle5 d r ~ l ~ ~ p t ~ d  co~~sis led of d sillyle oviyeroub Ieludle per ,purlye, dll other indlvldudi, being I 
male or juvenile 

from Spheciospongia vesparium preferred A. clath- 
rodes over Spheciospongia vesparium. Interpretation 
of these results is complicated by the fact that the assay 
of Synalpheus brooksi from A, clafhrodes used 
multiple shrimps per replicate while that for Synal- 
pheus brooksi from Spheciospongia vesparium used 

S, brooksi FROM _Ag- - -  

only a single individual per replicate. Despite these 9 S. l o n g i c a r p ~  
con~plications, however, it seems clear that Synalpheus 
brooksi shows no preference for the host species from 
which it was collected in either case (Fig. 4 ) .  

z 

Space availability and use by shrimps 

The 4 sponge species examined differed in both the 
mean size of their internal canal spaces and the vari- 
ance of those sizes (Fig. 1). Although the distributions 
of canal widths may depart from normality, the actual 

5 0 100 
X OF INDIVIDUALS IN SPONGES 

Fig. 2. Synalpheus spp. Relationship between degree of com- 
mensalism ( X )  and incidence of parasitism by epicaridean 
isopods (y)  among species in the gambarelloides group. Para- 
sitism increased significantly with the percentage of indi- 
viduals found in sponges (y = -1.81 + 0.183x, r = 0.60, p = 0.0381 

S. bousfieldi - -  

S, rathbunae 

Fig. 3. Synalpheus spp. Substratum selection in the labora- 
tory by shrimp from the San Blas Islands, Panama. Analysis 
was by Chi-square tests in assays wlth 1 shr~mp replicate-' 
(where datum plotted is % of replicates, and thus no error 
bar), and by contingency table analysis of ranked abundance 
data in assays with 2 1 shrimp replicate-' [where bar repre- 
sents mean (f 1 SE) O/o of shnmps on that substratum across all 
repl~cates]. Since cell frequencies were low in categor~es 
other than 'sponge', analyses were able to compare only the 
most preferred substratum with the pooled data for all other 
substrata; where this difference is significant (p < 0.05) the 
preferred substratum is marked by * [see 'Methods - Sub- 
stratum selection' for details). Shrimps unassociated with any 
substratum (OTHER) were not included in statistical analyses 
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Fig. 4. Synalpheus spp. 
Sponge selection in the lab- 
oratory by shrimp from the 
San Blas Islands, Panama. (i) 
Sponge species from which 
shrimps were collected. For S. 
brooksi, means in a given 
assay that are marked by 
different letters (a, b, c) differ 
significantly (p <'0.05) by sub- 
divided Chi-square analysis 
(Zar 1974); other analyses and 
symbols as in Fig. 3.  Note that 
the 2 assays at right included a 

choice of 4 sponge species 

S. pectiniggr - -  S. brooksi FROM - -  
N - 1 4  

data (mean and CV of canal widths per sample) used in 
these analyses should approximate normality accord- 
ing to the central limit theorem (Sokal & Rohlf 1981); 
thus differences among sponge species in these mea- 
sures were analyzed with ANOVA followed by Ryan's 
Q test (Day & Quinn 1989). Mean canal width was 
greatest in Spheciospongia, intermediate in Agelas, 
and smallest in Niphates and Xestospongia which 
did not differ significantly (Fig. 1). The coefficient of 
variation in canal width was also greatest in S. vespar- 
ium, and was lowest in A. clathrodes and X ,  rosa- 
riensis; N. amorpha was indistinguishable from the 
other species (Fig. 1). 

The hole choice experiments showed that the 2 most 
abundant shrimp species in Spheciospongia vesparium 
could partition a size range of available spaces. Adult 
Synalpheus brooksi and Synalpheus longicarpus 
strongly preferred to occupy small (5 mm) and large 
(9 mm) holes, respectively (Table 5). Considering only 
those shrimps that occupied a hole (i.e. excluding those 

Table 5. Synalpheus brooksi, S. longicarpus. Results of labo- 
ratory choice experiments designed to test for partitioning of 
the size range of available spaces within a sponge. Two co- 
occuring Synalpheus spp. were offered a choice of artificial 
holes of different sizes. Small holes were 5 mm (S .  brooksi) or 
7 mm (S.  longicarpus) in diameter, large holes were 9 mm in 
diameter in both experiments. p-values are from Chi-square 
(S. brooksi, n = 17) or binomial tests (S. longicarpus, n = 14) 

Hole choice S. brooksi S. longicarpus 

No. of replicates with shrimp in: 

Small holes 
Large holes 
One of each 
P 

l o a  

S.  bousfieldi - -  

S. brooksi FROM 

N - 32 

S. rothbunoe 
100, 

on the surface of the sponge piece), the number of repli- 
cates in which one or both Synalpheus brooksi were in 
small holes was significantly greater than the number in 
which shrimps occupied large holes or one of each size 
(p  < 0.001, Chi-square with categories 'large' and 'each' 
combined). In contrast, Synalpheus longicarpus, which 
are larger, preferred to occupy large (9 mm) over small 
(7 mm) holes (p = 0.006, binomial test), although they 
were physically able to occupy both. 

DISCUSSION 

Host specificity of sponge-dwelling shrimps 

The evidence presented here indicates that many 
Synalpheus species are quite specific in their use of 
habitats or hosts. Of those species represented by more 
than 4 specimens in my collections, 8 of 12 species 
(67 %) in the gambarelloides group occurred primarily 
in sponges, and likely would have been found exclu- 
sively in sponges had rubble samples (which fre- 
quently contained encrusting sponges) been more 
carefully dissected. Thus these data confirm the 
impression from systematic studies (Dardeau 1984) 
that the gambarelloides group is primarily commensal. 
In contrast, 6 species of non-gambarelloides Synal- 
pheus were found and none occurred regularly in 
sponges; this group apparently lives primarily in 
cavities within coral rubble. Within the commensal 
gambarelloides group, moreover, most species were 
associated with only a fraction of the available sponge 
species. For example, S, pectiniger (Table 1) (Dardeau 
1984, Erdman & Blake 1987) and S. agelas (Table 1) 
(Pequegnat & Heard 1979, Dardeau 1984) each have 
been recorded reliably only from a single species (or 
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genus) of sponge throughout their geographic ranges. 
S. bousfieldi was also found primarily in a single 
species of sponge in Panama (Table 1). Most of the 
other gambarelloides species were found in only 2 to 5 
of the numerous sponge species present at the study 
site in San Blas. Thus while the entire host range of 
these species has not been documented, it is clear that 
they are rather specific in their host/habitat associa- 
tions within a given site. 

The reasons for such host specificity in commensal 
marine animals are almost entirely unknown. Associa- 
tion with sessile organisms in general is widely be- 
lieved to provide guests with refuge from predators 
(Westinga & Hoetjes 1981, Levinton 1982, Reed et al. 
1982, Vermeij 1983), and experimental evidence 
supports this view for small invertebrates that asso- 
ciate with chemically defended seaweeds (Hay et al. 
1989, 1990a, b) and for brittle stars that live in vase 
sponges ih'enolier 1984). The redsons for association 
with particular host species are more elusive, however. 
Host size (Westinga & Hoetjes 1981) and canal space 
dimensions (Fig. 1, Table 5) appear to determine the 
associated guest community to some extent. Host 
chemistry, distribution, competition with other guests, 
and differences among hosts in predation risk are all 
likely possibilities but there are few if any data avail- 
able to evaluate most of them. 

The specificity in host/habitat use by Caribbean 
Synalpheus species is all the more remarkable in light 
of apparently extensive regional variation in the 
species of sponges used as hosts. For example, S. bous- 
fieldi, which is a characteristic inhabitant of Agelas 
species in the Gulf of Mexico, Bahamas, and Belize 
(Dardeau 1984, J .  E .  Duffy pers. obs.), was never found 
in collections of A.  clathrodes in Panama although it 
was abundant in Niphates amorpha from the same 
reefs (Tables 1 & 2). Conversely S. brooksi, the only 
species regularly occupying A. clathrodes in Panama 
(Table l), has not been found in Agelas spp. from the 
Gulf of Mexico, Bahamas (Dardeau 1984), or Belize 
(pers. obs.). S. goodei was the most abundant Synal- 
pheus species in Spheciospongia vesparium from 
Curacao (Westinga & Hoetjes 1981), but was absent 
from this sponge in Panama (Table 1) despite being 
found in rubble nearby (Table 2).  Interestingly, re- 
gional differences in host affiliations of several 
Synalpheus specles studied by Dardeau (1984) were 
accompanied by considerable differences in the slze 
of adult shrimps, and by more subtle differences in 
morphology, suggesting that these allopatric popula- 
tions may compnse unrecognized cryptic species, 
which are common in alpheids and other crustaceans 
(Knowlton 1986). If so, then host specificity of 
synalpheids may be even narrower than presently 
recognized. 

Population consequences oi Ule commensal lifestyle 

Living in sponges has several important conse- 
quences for shrimps, perhaps the most pervasive of 
which results from the architecture of the sponge canal 
system. Since occupied sponges showed no obvious 
signs of shrimp-induced canal enlargement, it appears 
that the size of available spaces limits the maximum 
size shrimps can attain, as it does for rubble-dwelling 
mantis shrimps (Steger 1987, Moran & Reaka 1988). 
Among the 4 sponges studied here, both the mean size 
and size range of canal spaces differed (Fig. l ) ,  and 
these differences were reflected in the differing body 
sizes of associated shrimp. This in itself is not surpris- 
ing. However, space availability may mediate coexis- 
tence among Synalpheus species as well. Multiple 
species of Synalpheus occurred most regularly in 
Spheciospongia vesparium (Tables 1 & 3), the host 
with the greatest diversity of canal widths (Fig. 1)  
Interestingly, the 2 most abundant species in this 
sponge overlapped very little in adult size (Fig. l),  and 
experiments showed that they preferentially use holes 
of different sizes (Table 5), supporting the hypothesis 
that adult shrimp partition the size range of spaces 
within their host. Likewise, structurally complex 
substrata or habitats tend to support more species of 
phytophagous insects (Strong et al. 1984), reef- 
dwelling snails (Kohn 1967, Kohn & Leviten 1976). 
invertebrates in seagrass beds (Heck & Wetstone 
1977), and marine decapod crustaceans generally 
(Abele 1974). 

The host may influence guest populations not only 
through its intrinsic characteristics such as canal archi- 
tecture, but also through its mediation of interactions 
between guests and their enemies (Price et al. 1980, 
Hay 1992). Although sponge-dwelling shrimps appear 
to be protected from generalist predators, which were 
rare or absent in sponge samples, sponge-dwelling 
apparently entails a greater exposure to parasitism 
(Fig. 2). The 4 species obligately (100 O/o of individuals) 
associated with sponges averaged 15.7 % infected 
with epicaridean isopods while the 4 species with 
S50 % of individuals in sponges averaged 2.5 % in- 
fected, a 6-fold difference. These heavy parasite loads 
may well result from the high population densities that 
shrimps can achieve in sponges. 

The constraints imposed by hosts on their guests are 
most readily seen by comparing conspecific popula- 
tions in different hosts. In Panama, Synalpheus brooksi 
was common in Spheciospongia vesparium and Agelas 
clathrodes, and populations in the 2 host species 
differed demographically. Synalpheus brooksi reached 
smaller body sizes, and tended to produce fewer 
mature females, in A. clathrodes than in Sphecio- 
spongia vesparium (Table 4 ) ,  probably as a conse- 
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quence of the smaller average size of canal spaces in 
A. clathrodes (Fig. 1). Since Synalpheus brooksi was 
never found outside sponges, migration or age-specific 
habitat preferences seem less likely than host-induced 
effects to explain these demographic differences. More- 
over, the diversity of potentially competing congeners 
was significantly greater in Spheciospongja vesparium 
(Table 3), and infection by branchial parasites was 
more than 3 times as high in populations of Synal- 
pheus brooksi from A. clathrodes than in conspecifics 
from Spheciospongia vesparium (Table 4). Thus these 
2 hosts appear to represent considerably different 
environments for Synalpheus brooksi. 

Evolutionary implications of commensalism 

The diversity of Synalpheus species in tropical 
waters is striking, with 24 species living sympatrically 
in the San Blas Islands. By comparison, the entire 
Caribbean is reported to support about 20 species in 
the amphipod genus Elasmopus (J. D. Thomas pers. 
comm.), 18 species in the reef-dwelling crab genus 
Mithrax (Rathbun 1925), 16 species in the stomatopod 
genus Squilla (Reaka & Manning 1987), and about 13 
species in the fiddler crab genus Uca (Crane 1975). 
The diversity of Caribbean Synalpheus species may 
derive in part from their small size (adults of many 
species are 1 2  cm in length) and cryptic lifestyle. In a 
variety of animal taxa, diversity is highest in lineages 
of species with relatively small (May 1986) though 
usually not the smallest (Dial & Marzluff 1988) body 
sizes, probably as  a result of higher speciation rates 
in smaller organisms (Dial & Marzluff 1988). Among 
marine crustaceans specifically, Reaka & Manning 
(1987) showed that both endemism and species 
richness within 'locally radiating clusters' of mantis 
shrimps were significantly greater in lineages with 
small body size. 

Intimate association with other organisms may also 
contribute to high species richness in Synalpheus, as 
has been well documented in a variety of plant-feeding 
insects and parasites of animals (Price 1980, Mitter et 
al. 1988). The combination of host specificity (Table 1, 
Fig. 4 ) ,  restricted dispersal resulting from direct or 
abbreviated development of larvae (Dobkin 1965, 
1969), the sedentary nature of adults, and their habit of 
mating within the host, are all likely to restrict gene 
flow among sponge-dwelling shrimp populations. 
Such fragmentation creates ideal conditions for local 
differentiation (Slatkin 1987), particularly when con- 
specific populations occupy different habitats, such as  
structurally and chemically diverse sponge species. 
Evidence that host-associated differentiation occurs in 
Synalpheus species is provided by the demographic 

differences between populations of S. brooksi in A. 
clathrodes and Spheciospongia vesparium (Table 4, 
Fig. l ) ,  together with significant divergence in allozyme 
frequenc~es among these same populations (Duffy 
unpubl.). Such divergence seems even more likely 
among the geographically separated populations of 
Synalpheus that use different hosts. Clearly the com- 
mensal lifestyle has pervasive consequences for the 
biology of these diverse shrimps. 
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