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ABSTRACT

Marine sponges were examined from shallow waters of southeast Florida and the
Florida Keys to determine species composition and distribution of commensal amphipod
crustaceans from shallow reef, mangrove, and seagrass habitats. Twenty sponge species
were investigated during this study, sixteen of which housed amphipods in the families
Colomastigidae and/or Leucothoidae. Six species of commensal amphipods were
identified. Leucothoe spinicarpa (Abildgaard) species "complex" was the most dominant
amphipod commensal, representing 63% of the total amphipods collected. The L.
spinicarpa "complex" contains four local morphotypes, which are diagnosed and briefly

described. Common sponge hosts included Callyspongia vaginalis. Mycale sp., and
Myriastra kallitetilla.
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INTRODUCTION

Commensal relationships are common between sessile plants or animals and
motile organisms. Marine environments exhibit numerous types of associations. Many
marine fish (Tyler and Bohlke, 1972), crustaceans (Thomas and Cairns, 1984), and
polychaete worms (Van Dover et a1., 1999) are reported as commensals associated with
sessile invertebrate hosts. Commensalism is an intimate association between two
organisms where one party benefits, while the other is not significantly affected. Details
of these associations are little studied in marine ecosystems, yet they are important in
determining and evaluating evolutionary change and relationships in addition to
maintaining ecosystem balance (Duffy, 1992).
Marine sponges are abundant and often serve as hosts to a variety of commensal
organisms including crustaceans, polychaetes, and ophiuroids (Villamizer and Laughlin,
1991; Uriz et a1., 1992; Seger and Moran, 1996). Sponges have several characteristics
conducive to commensal occupation including: 1) an abundance of internal canals that
supply the commensal with nutrients and particulate organic matter via
feeding/respiratory currents generated by the sponge (Duffy, 1992); 2) a protective and
defensible habitat conducive to development of eusocial behavior (Spanier et a1., 1993),
and 3) the use of internal canals as a refuge from predation.
Individual sponges can host entire communities of endocommensal species, those
commensal organisms living entirely within a host. Host volume as well as size and
distribution of internal channels are factors that may determine community structure and
population size within any given sponge specimen. In a comparative study between the
sponges Ap/ysina archeri and Ap/ysina /acunosa, Villarnizer and Laughlin (1991) found a
1
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more diverse community in A. lacunosa, a species with a larger internal area and volume.
The internal cavities of hosts may lead to eusocial behavior in the commensals as defined
by cooperative brood care, reproductive division of labor, and overlap of generations
(Seger and Moran, 1996).
Sponges may also provide protected breeding habitats for commensal amphipods.
Many marine peracarid crustaceans (e.g., amphipods, tanaids, isopods) exhibit varying
levels of extended parental care, during which parents care for their offspring for a
certain period of time after hatching. Parents can provide various types of care for their
juveniles including improved feeding conditions, and a protective shelter. Amphipod
families known to participate in this reproductive strategy include the Caprellidae (Aoki
and Kikuchi, 1991; Thiel, 1997) and Podoceridae (Mattson and Cedhagen, 1989). Thiel
(1997) proposed that extended parental care within epibenthic burrow- (Leptocheirus
pinguis) and tube-inhabiting (Dyopedos monacanthus) amphipods is primarily a
mechanism to protect juveniles from predators. This practice may also provide shelter
and nutrients to juveniles as they grow, thus decreasing their susceptibility to predators
once they leave the parents. In a study along the Atlantic coast of Florida, juvenile
leucothoid amphipods from the solitary ascidians Phallusia nigra and Styela plicata were
presumed to remain in the host parent for long periods of time, some until sexual maturity
(Thiel, 1998). Long term interactions such as these represent an adaptive foundation
from which advanced social behaviors may arise within the host.
Several feeding studies show that predatory fishes are deterred from consuming
sponges that contain secondary metabolites (Duffy and Paul, 1992; Chanas et al., 1996;
Chanas and Pawlik, 1997; Marin et al., 1998), chemicals apparently not required for any
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primary metabolic processes such as cell respiration and photosynthesis (McClintock et
ai, 1998). They may, however, play important roles in an ecological sense. Many
species of marine symbionts are highly host specific, occupying only a single host species
or population (Dalby, 1996). Meroz et al. (1995) speculated that commensals directly or
indirectly select their hosts in order to take advantage of toxic secondary metabolites
produced by the hosts as predator deterrents, and which may also provide protection for
commensals. However, Pennings et a!. (1994) indicate that the ability of secondary
metabolites to deter predators may depend on other factors, such as the nutritional quality
ofthe prey organism, or the quality of the artificial diet offered in laboratory assays.
Nevertheless, it is hypothesized that sponges that contain high concentrations of
secondary metabolites may be better protected against predation and should host
comparatively large numbers of endocommenal species.
Among the invertebrates recorded as endocommensals of sponges, amphipod
crustaceans are widespread and abundant in all marine habitats worldwide. Usually freeliving, they can be found in sediments, swimming near the substrate, or inhabiting a
variety of domiciles including empty snail shells, crevices, tubes and burrows produced
by other organisms, and coral rubble (Thomas, 1993). Like all peracarids, amphipod
embryos develop in a thoracic marsupium, or brood pouch, of females, and thus lack a
dispersive pelagic larval stage. As adults, most amphipods are benthic and have few
opportunities or mechanisms for extensive active dispersal, increasing the probability that
other events determine their distribution. Commensal amphipods that choose sessile
hosts, such as sponges and ascidians have extremely limited dispersal making them
excellent candidates for evolutionary and biogeographic studies. However, opportunities
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for passive dispersal may occur ifthe host attaches to a moving or floating object, as
occurs frequently in the amphipod families Podoceridae, Gammaridae, Ampithoidae, and
Hyalidae.
Within gammarid amphipods, Colomastigidae and Leucothoidae are often
mentioned as sponge commensals (Ortiz, 1975; Biernbaum, 1981; Vader, 1983b;
Costello and Myers, 1987; Barnard and Karaman, 1991; Thomas, 1993; LeCroy, 1995;
Thiel, 1999). Both families are cosmopolitan in marine habitats. However, little is
known concerning host preferences and specific behavior patterns for species of either
family.
The Colomastigidae are found in most seas of the world with the exception of the
Arctic. They have been studied most extensively in Madagascar (Ledoyer, 1979; 1982)
and the eastern Gulf of Mexico (LeCroy, 1995). The. family contains 41 dcscribed
species in two genera, Colomastix and Yulumara. The type genus, Colomaslix, contains
37 species worldwide, while Yulumara contains four species, two from Australia, and one
each from Tasmania and South Africa Colomastigids have been reported as associates
with sponges (pearse, 1932; Heard and Perlmutter, 1977), corals (Barnard, 1970; Myers,
1990; MUller, 1992), and algae (Barnard, 1970,1972; Ledoyer, 1978; 1979; 1982; Moore,
1988; MUller, 1992). Eleven species of Colomaslix have been reported from the Gulf of
Mexico (LeCroy, 1995): C.janiceae, C. irciniae, C. halichondriae, C. bousfieldi, C.

camura, C. cornuticauda, C. denticornis, C.falcirama, C. gibbosa, and C. !ridenlata.
Colomastix halichondriae Bousfield, 1973, has also been reported as a sponge associate
from the East Coast of the United States (Biembaum, 1981).

4
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The Leucothoidae currently comprises 75 species in two genera, Leucothoe and
Paraleucothoe. Although leucothoids are common commensals in sponges and
ascidians, they may also be found in fine sand or mud (Krapp-Schickel, 1975b; Thomas
and Ortiz, 1995), or in association with algae, corals, or coral rubble (Barnard, 1970;
Myers, 1985c). Members of this farnily have been described from around the world
including Africa, the Arctic Boreal, the Caribbean, and Hawaii. Extensive studies in
Madagascar (Ledoyer, 1986), the Mediterranean (Ruffo and Schickel, 1967), and the
tropical Indo-Pacific (Barnard, 1965) have described many new species and provided
ecological information.
However, much taxonomic confusion remains at the species level. Within the
genus Leucothoe, certain species have become a "dumping ground" for taxonomists. For
example, Leucothoe spinicarpa, the type species of the family, was originally described
by Abildgaard (1789) from the Skagerrak off Denmark. Subsequent reports of L.
spinicarpa include both polar oceans, temperate and tropical seas, and depths ranging
from intertidal to 4,000 m. In southeast Florida alone, specimens identified by various
authors under the name L. spinicarpa probably represent several species of commensal or
cryptic amphipods (Thomas, 1993).

5

STATEMENT OF OBJECTIVES

This study investigates the abundance, distribution, and ecology of arnphipods
commensal in sponges in southeast Florida and the Florida Keys -

an area with

abundant and diverse sponge communities. To date, few published records concerning
commensal arnphipod ecology or behavior exist. Early studies from the Dry Tortugas
(pearse, 1932) reported Leucothoe spinicarpa and Colomastix pusilla Grube within the
loggerhead sponge, Spheciospongia vesparium. In 1977, Heard and Perlmutter described

Colomastix janiceae (fonnerly C. pusilla) as a sponge commensal from the Florida Keys.
Thomas (1979) reported Anamixis pottsi (Shoemaker, 1933) as a commensal with the
tunicate Ecteinascidia turbinata Herdman, 1880, and L. spinicarpa, Anamixis cavitura
(Thomas, 1997), and C.janiceae as sponge associates from Big Pine Key, FL.

This study was undertaken to: 1) document commensal arnphipod species and
their sponge hosts, with emphasis on patterns of distribution and host/commensal
relationships; 2) investigate ecological relationships such as sex ratio, population
structure, and within-host distributions, and 3) clarify the taxonomy of local commensal
arnphipods, especially leucothoids.
The results obtained from this study constitute the first record of commensal
arnphipod abundance and ecology off the southeastern coast of Florida.

6

MATERIALS AND METHODS

Sponges were collected between May and Septernber 1999 in southeast Florida
and the Florida Keys. Five different habitat types were sampled during this study in
Broward and Monroe counties (Fig.1). Broward County stations included reef(N
26°09.163 ', W 26°05.341 ') and hardbottom (N 26°09.774', W 80°05.435') habitats.
Stations in Monroe County included seagrass beds (N 24°50.543', W 80°49.633 '), a
patch reef(N 24°50.175', W 80°43.740'), and a mangrove creek (N 24°49.567', W
80°48.865'). An initial survey was conducted at each site to determine relative species
abundance of sponges. Species consistently sighted at least twice per 3 m 2 - area were
considered abundant and ten replicates were collected of each. Each sponge collected
was covered by a plastic bag, cut at its base with a knife, and immediately sealed inside
the bag to minimize loss of commensals. Sponge volume was measured by water
displacement after draining the canals (error ± 5%). Internal canal size of a sponge
species was determined by randomly measuring the diameter of ten of the largest canals
in each individual sponge and calculating an average. Initial removal of fauna was
accomplished by placing sponges in a 4% seawater formalin solution that forced
commensals from the canals. The remaining water was passed through a 0.5 mm mesh
sieve to insure capture of animals larger than I mm. Sponges were subsequently
dissected to locate remaining commensals. All amphipods were preserved in a buffered
4% seawater formalin solution for 24 h, then transferred to 70% ethanol. Non-amphipod
taxa found within each sponge were not scored. Arnphipods were identified to species
and measured from rostrum to tel son using a compound microscope with a camera lucida

7

attachment. Specimens were prepared for SEM by dehydrating through an acetone series
and drying with HMDS. After palladium coating, samples were examined with a IS1DS-130 dual state SEM. The following classification scheme was used to record sexual
development: I) adult males exhibited visible penes; 2) adult females bore oostegites; 3)
ovigerous females exhibited a brood in the marsupium; and 4) juveniles showed no
characteristics of sexual maturity [i.e., no penes or oostegite buds, and reduced first
gnathopod (colomastigids)]. Host sponges were identified using photographs, spicule
preparations, and by Kate Smith, an expert in sponge taxonomy at Smithsonian
Institution, Washington, DC.
Density of amphipods per IOml of sponge is reported followed by ± 1 standard
error. Amphipod densities were calculated for each sponge species at each sampling
location. A student's t-test was used to detennine if average density of amphipods per
10ml of sponge volume differed between two sites. Similarly, an ANOVA was used to
determine differences between densities of amphipods per lOmI of sponge volume from
host species collected at three sites. The non- parametric Spearman Rank test was used to
determine relationships between sponge volume and total number of amphipod
inhabitants.

8
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Figure 1. Study areas in southeast Florida and the Florida Keys.
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RESULTS

Sponges
Twenty sponge species were collected from the sampling locations in southeast
Florida and the Florida Keys (Broward and Momoe counties), sixteen of which contained
colomastigid and/or leucothoid amphipods (Table I). Sponges representing various
growth forms were collected and examined (Table 2): massive (Amphimedon sp.,

Anthosigmella varians, unidentified brown sponge, I felix, Myriastra kallitetilla,
Spheciospongia vesparium and Tedania ignis), branching (Agelas sceplrum, Aplysina
fistularis, A. fitlva, Amphimedon compressa, I birotulata, and Niphates erecta),
encrusting (Holopsamma helwigi, Niphates amorpha), tubular (Callyspongia vaginalis,

Haliclona sp., Mycale sp., Niphates digitalis), and vase (Ircinia campana). Sponges
collected at the mangrove creek (unidentified brown sponge, Haliclona sp., Mycale sp.,

T. ignis) encrusted on the roots of red mangroves (Rhizophora mangle L.). Commensals
were not found in four sponge species, Aplysina fistularis, A. fulva, Agelas sceptrum, and

Iotrochota birotulata.
The average volume of sponge species from the five sites varied considerably
(Fig. 2). The Broward hardbottom area had the most abundant sponge population: 120
individuals belonging to 12 species were collected. Average volumes (±l SE) ranged
from 18.l±2.46 ml (Aplysinafistularis) to 109±24.9 ml (Ircinia campana) in this area,
with most (7 of9) species averaging <40ml. Data was not reported for sponges in this
area that did not house amphipods: Agelas sceptrum, Aplysina fistularis, and Iotrochota

birotulala. The mangrove creek in the Florida Keys had the lowest sponge abundance
with only four species and 36 individual sponges collected. Average volumes in the
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Sponge Species
Agelas sceptrum
Amphimedon compressa
Amphimedon sp.
Anthosigmella varians
Aplysina [!Stularis
Aplysina fulva

Brown sponge
Callyspongia vaginalis
Haliclona sp.
Holopsamma helwigi
Iotrochota birotulata
Ircinia campana
Ircinia felix
Mycalesp.
Myriastra kallitetilla
Niphates amorpha
Niphates digitalis
Niphates erecta
Spheciospongia vesparium
Tedania ignis

% Leucothoidae % Colomastigidae
0
0.4
10.0
3.0
0
0
0.4
44.0
1.5
0.2
0
1.8
6.8
0.4
2.3
1.7
12.0
6.8
3.1
5.6

0
3.9

8.8
0
0
0
12.4
0
0.3
0.4
0
0.8
1.5

36.5
26.0
1.7
2.5
0.2
0
5.0
..

Table 1. Percent of total leucothOld (n-1,213) and colomasugId (n-717)
amphipods collected in each sponge species.

11

s
Table 2 Characteristics of sponge hosts
Sponge Host
Average Interior

Canal Size (mm)
Amphimedon compressa

2.71±O.16

'iAmphimedon sp.

4.68±O.22

Anthosigmella varians

6.23±O.19

Description
(Wiedenmaver, 1977)
Thin, incrusting or ramose. Numerous scattered
oscules (I-3mm) do not penetrate into the sponge
interior. Consistencv is tou!!h and SDon"".
Amorphous lobes that stem from an encrusting mass
at the base of the sponge. Large (4-6mm), scattered
oscules lead to deep meandering canals. Interior is
firm and easy to tear.
Massive amorphous, irregularly lobate with

"antlers" that have apical oscules. Firm, rubbery
consistency with many interior canals and cavities.
Brown Sponge

5.00±O.58

Amorphous, encrusting with very small,

inconspicuous oscules. Interior is very rubbery,
laden with small cavities.

Callyspongia vaginalis

2.06±O.O7

Clusters of cylindrical tubes. Surface contains
numerous small oscules (0.S-2mm).

Haliclona sp.

1.84±O.12

Series of branching tubes with apical oscules. Very
soft, compressible and easily torn.

N/A

Encrusting with small "volcanic" oscules. Interior
is very soft, easily torn with small cavities.

Ircinia campana

l.74±O.l5

Vase sponge with numerous scattered oscules 0.54.0mm in diameter. Very spongy, tough, and hard
to tear. Interior contains small cavities.

Ircinia felix

4.35±O.29

Massive, lobate, often branching. Very spongy,
tough, and hard to tear. Finely conulose exterior
with scattered oscules I-Smm in diameter.

A-fycale sp.

2.00±O.18

A-fyriastra kallitetilla

7.35±O.37

Branching tubes with apical oscules. Exterior is
slightly convoluted. Very soft, easily torn.
Massive, subspherical, sometimes amorphous, with
compound convolutions on the surface. Interior is
fIrm,yet resilient and easy to tear. Many interior
canals and some flattened cavities throughout the
sponge.

Holopsamma helwigi

Niphates amorpha

NA

Small, encrusting, with small (I-Smm) scattered
openings. Interior is soft with small meandering

canals.

Niphates digitalis

NA

Fuzzy tubes or vases with numerous tiny (0.52.0mm) oscules on the exterior.

Niphates erecta

3.01±O.O9

Thin, fuzzy branches with scattered oscules.
Interior is resilient with small meandering canals.

Spheciospongia vesparium

8.88±O.91

Massive, subspherical with flattened top. Hard,
leathery exterior with dark brown central depression

containing numerous excurrent openings. Interior
has numerous canals and cavities.

Tedania ignis

3.70±O.24

Massive, subspherical to lobate, sometimes

encrusting on mangrove roots. Surface is
sometimes convoluted with medium-sized (2-7mm)
excurrent openings. Interior is compressible and
easilv torn.
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Figure 2. Average volume (Mean ± SE) of each sponge species from the sampling locations. No
data is reported for Myriastra kallitetilla or Spheciospongia vesparium.

N. ereda

mangrove creek ranged from 42.3±9.26 ml (Mycale sp.) to 77.6±27.8 ml (unidentified
brown sponge). Five and eight sponge species respectively were collected at the Broward
reef and Florida Keys seagrass beds/reef sites. Average volumes ranged from 26.5±4.21
ml (Niphates erecta) to 77.l±14.4 ml (Callyspongia vaginalis) at the Broward reef.
Sponge species at the Florida Keys sites ranged from 40.7±7.42 ml (Tedania ignis) to
134.1±23.5 ml (L felix), with four of the five species averaging <SOm!. Data was not
reported for Aplysina fulva in the Florida Keys as it did not house amphipods. Myriastra

kallitetilla and Spheciospongia vesparium were processed in the field due to their
extremely large size and therefore, no volume data was collected.
When pooling all individuals of each host sponge species, Callyspongia vaginalis
and Ircinia felix showed a significant correlation between host size (expressed as volume)
and number of individuals (Spearman Rank Correlation,p < 0.05; Fig. 3). By contrast,
no significant correlation was found between host size and total number of amphipods in
12 ofthe sponge species (Amphimedon compressa, Amphimedon sp., Anthosigmella

varians, unidentified brown sponge, Haliclona sp., Holopsamma helwigi, Ircinia
campana, Mycale sp., Niphates amorpha, N digitalis, N erecta, and Tedania ignis).
Myriastra kallitetilla and Spheciospongia vesparium were omitted as well as non-host
sponges.
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In Table 2, average interior canal size is reported for 12 of the sponge host
species: A. compressa, Amphimedon sp., Anthosigmella varians, unidentified brown
sponge, Callyspongia vaginalis, Haliclona sp., Holopsamma helwigi, Ircinia campana, 1
felix, Mycale sp., Myriastra kallitetilla, Niphates erecta, and Tedania ignis. Overall,
average interior canal sizes varied from 1.74 mm (1 campana) to 7.35 mm (M
kallitetilla). Sponges with massive growth forms (Amphimedon sp., A. varians,
unidentified brown sponge, 1 felix, M kallitetilla, and T. ignis) had substantially larger
average canal sizes (>3.7mm) in comparison to branching, tube, or encrusting forms. All
tube sponges, C. vaginalis, Haliclona sp., and Mycale sp., had average canal sizes of
<2.06mm, as did the only vase sponge, 1 campana(I.74 mm).
A majority (12 of20) of the sponge species collected in this study were
previously reported to contain secondary metabolites, chemicals apparently not required
for any primary metabolic processes such as cell respiration and photosynthesis
(McClintock et ai, 1998) (Table 3). Three sponge species (A. sceptrum, A.fistularis, T.
ignis) which produce secondary metabolites were found to be palatable to predatory fish
in laboratory and/or field experiments, as opposed to six sponge species producing
secondary metabolites which were deterrent to predatory fish (Table 5). Eight sponge
species either did not contain secondary metabolites (c. vaginalis, N erecta) or the
information was unavailable (A. varians, unidentified brown sponge, H helwigi,1
birotulata, M kallitetilla, S. vesparium).
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Table 3. Secondary metabolite data from sponge hosts examined in this study
Sponge Spedes

Total number of
ampbipods

Secondary
Metabolites

ResnIts of Laboratory
and/or field experiments

Reference

Agela.s sceptrum

0

brominated pyrrol
compounds

palatable to angelfishes

Randall and Hartman, 1968;
Pawlik et aI., 1995; Chanas
et aI., 1996

Aplysina flstularis

0

aerothionin,

palatable to trunkfishes in
field observation (Wulff,
1994) ; deterrent in
laboratory assays to
Thalassoma bifasciatum

Wulff, 1994;
Pawlik, 1993;Pawlik et aI.,
1995

bromotyrosine
derivatives

Aplysina fulva

0

bromotyrosine
derivatives

deterrent in laboratory
assays to Thalassoma
bifasciatum

Pawlik et aI., 1995

Amphimedon compressa

33

polymeric pyridinium
alkaloid - amphitoxin

deterrent in laboratory
assays to Thalassoma
bifasciatum

Pawlik et aI., 1995;
Albrizio et aI., 1995

Amphimedon sp.
Anthosigmella varians
Brown sponge
Callyspongia vaginalis
Haliclona sp.
Holopsamma helwigi
lotrochota birotulata

185
34
94
529
21
5
0

icosadienoic acids
NA
NA
no chemical defense
alkaloids
NA
NA

NA
palatable
NA
palatable
NA
palatable
palatable

Sarma et aI., 1993
Pawlik et aI., 1995

Ircinia campana

28

furanosesterterpene
tetronic acids

deterrent in laboratory
assays to Thalassoma
bifasciatum

lrcinia felix

94

furanosesterterpene
tetronic acids

deterrent in laboratory
assays to Thalassoma
bifasdatum

McFall, 1999;
Pawlik et aI., 1995

Mycale sp.

268

Nitrogenous
macrocyclic alkaloids

generally thought to be
deterrent (See Meroz &
Han, 1995)

Sarma et aI., 1993;
McClintock,1987;

Myriastra kallitetilla
Niphates amorpha

215
33

not deterrent
NA

Pawlik et a!., 1995
Sarma et aI., 1993

Niphates digitalis

164

NA
Niphatynes,
niphatesines
Niphatynes,
niphatesines

deterrent in laboratory
assays to Thalassoma
bifasciatum; variably
deterrent to P. punticeps in
lab assays

Pawlik et aI., 1995;
Waddell and Pawlik, 2000;
Sarma et aI., 1993

Niphates erecta

84

no chemical defense

palatable

Spheciospongia vesparium
Tedania ignis

38
94

NA
diketopiperazines

palatable
palatable in field
experiments to parrotfish
and angelfish

Pawlik et aI., 1995; Pawlik,
1997
Pawlik et aI., 1995
Pawlik, 1997;
Dunlap and Pawlik, 1996;
Sarma et aI., 1993

Pawlik et aI., 1995
Pawlik et aI., 1995
Pawlik et aI., 1995
Pawlik et aI., 1995; Pawlik,
1997
McFall, 1999;
Pawlik et aI., 1995
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Leucothoidae

Due to current taxonomic constraints, all leucothoid specimens in this study are
referred to as a single species "complex". Imprecise descriptions make identification of
any leucothoid to species difficult. The Leucothoe "complex" exists largely because of
random "dumping" of species where authors provided inadequate descriptions, or were
unsure of the material they examined. While the scope of this paper is not taxonomic in
nature, the persistent taxonomic constraints related to suspect Leucothoe spinicarpa
identifications must be addressed before any further detailed ecological and behavioral
studies are initiated.

Abildgaard (1789) originally described Leucothoe spinicarpa from the Skagerrak
Sea off Denmark. Since that time, several authors have labeled amphipods as L.
spinicarpa, which do not show consistency with the type description. For example, one

of the more common morphotypes in this study (Morphotype 4) is characterized by
multiple long setae on the anterior edge of article 2 of gnathopod 2, a feature not found in
the original type description of L. spinicarpa. Four distinct morphotypes are recognized
in this study and are briefly diagnosed, described, and illustrated. Also, two distinct color
morphs are reported, a completely white morph (displayed by the majority of L.
spinicarpa) and one occurrence of a deep purple morph found in Spheciospongia
vesparium.

There have probably been a significant number of commensal or cryptic
amphipods identified by various authors under the name L. spinicarpa in the southeast
Florida region (Thomas, 1993). There is no sure way to solve this taxonomic ambiguity
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without a complete revision of the family. However, by at least distinguishing
recognizable morphotypes in a Leucothoe spinicarpa "complex", this study will not add
to the current problematic situation.
The four local morphotypes are as follows:
Leucothoe spinicarpa "complex" morphotype 1 (Fig. 4)
Diagnosis: A series of long, complex setae present on the posterior margin of article 2 of
gnathopod I in females.
Description offemale: Gnathopod I with long, complex setae on posterodistal margin of
article 2; 7 subequal anterodistal spines on palm; palmar margin lined with small
appressed serrations; carpus with fine medial dentitions. Gnathopod 2 with multiple (3II) long setae on proximal margin of basis; mediofacial setae reaching 72% of the length
of anterior margin of propodus; propodus elongate; palm with series of truncate processes
at base of dactyl; carpus approximately 0.33 length of propodus, scalloped distally.
Description of male: Similar to female except lacking complex setae on basis of
gnathopod I; gnathopod 2 with 4-6 short spines on basis and mediofacial setae reaching
55% along anterior margin of propodus (versus 72% in female).
Color: Bright white.
Adult size: Sexually mature at approximately 5 mm.
Distribution: Found in all samples of the sponge Anthosigmella varians collected from
Old Dan Bank in Long Key, Florida, and one sample of Amphimedon sp. in Broward
County, Florida (Table 4).
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Figure 4. Leucothoe spinicarpa morphotype 1. A. Female gnathopod 1; B. Female gnathopod 1
propodus; C. Female gnathopod 2; D. Female gnathopod 1 carpus.
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Host Sponge

Amphimedon compressa
Amphimedon sp.
Anthosigmella varians
Brown Sponge
Callyspongia vaginalis

Habitat
'lIB (n-lO)
'BR (n=10)
lIB (n=10)
BR (n=lO)
3SB (n=lO)

Morphotype 1

Morphotype 2

Morphotype 3

Morphotype
4
1
69
52

1
34

'MC (n=7)
-12
lIB (n=10)
BR (n=10)
MC(n=10)
Haliclona sp.
HB
(n=10)
Holopsamma helwigi
lIB (n=lO)
Ircinia campana
SB (n=10)
lIB (n=10)
Ircinia felix
SB (n=8)
MC
(n=9)
Mycalesp.
SB (n=10)
Myriastra kallitetilla
lIB (n=10)
Niphates amorpha
lIB (n=lO)
Niphates digitalis
BR (n=lO)
'PR (n=10)
BR(n=10)
Niphates erecta
lIB (n=10)
38
SB (n=10)
Spheciospongia vesparium
SB (n=10)
Tedania ignis
MC (n=10)
Table 4. Abundance and distribution of Leucothoe spinicarpa "complex" morphotypes within sponge hosts.
('HardbottomArea, 2 Broward Reef, 3 Seagrass Beds, 4 Mangrove Creek, 'Patch Reef)
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5
-198
319
19
2
9
13
6
77
6
29
21
35
63
48
52
31
46
23

Leucothoe spinicarpa "complex" morphotype 2 (Fig. 5)
Diagnosis: A series of serrations present on the posterodistal margin of coxa 1 of
gnathopod 1, and 2 rows of mediofacial setae on the propodus of gnathopod 2 in both
male and female.
Description: Gnathopod 1 with 7-9 spines on palm, 5-7 short setae on basis. Gnathopod
2 propodus width to height ratio 2.5: 1 (2: 1 in the other leucothoid morphotypes collected
in this study), palm moderately scalloped with 2 rows of mediofacial setae -

anterior

row reaching approximately 70% across margin of propodus; shorter posterior row
reaching end of anterior row distally; carpus reaching approximately 40% across
propodus.
Color: Deep purple or white.
Adult Size: Males appeared to reach sexual maturity at approximately 5 mm, with a
maximum of 11 mm. Females appeared to be sexually mature at approximately 3 mm,
and reached a maximum size of approximately 9 mm.
Distribution: Found only in Spheciospongia vesparium collected from Big Pine Key,
Florida (Table 4).
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Figure 5. Leucothoe spinicarpa morphotype 2, upper photo = male gnathopod 1,
lower photo = male gnathopod 2. A= coxa 1, B= gnathopod 2 basis, C= gnathopod
2 propodus.
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Leucothoe spinicarpa "complex" morphotype 3" (Fig. 6; 7A,B)
Diagnosis: A series of nipple-like projections present on the posterior margin of the
palm of gnathopod 1. Gnathopod 2 bearing a series of truncate processes on the
posterodistal margin of the palm, and a strongly serrate medial carpal lobe.

Description: Gnathopod 1 with 3-5 spines on pahn; nipple-like serrations spaced along
entire distal palmar margin. Gnathopod 2 elongate with 6-14 long setae along anterior
margin of basis; carpus strongly serrate and reaching approximately 40% across
propodus; mediofacial setae reaching approximately 51 % along anterior margin of
propodus.

Color: Translucent.
Adult size: Sexually mature males and females at approximately 2 mm; maximum size
approximately 4 mm.

Distribution: Twelve specimens were found only in Cal/yspongia vaginalis from
Broward County, Florida (Table 4).
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Figure 6. Leucothoe spinicarpa morphotype 3, upper photo = female gnathopod 1
palm, lower left photo = female gnathopod 1, lower right photo = female gnathopod
2 carpus. A= gnathopod 1 serrations, B= serrate carpal lobe.
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Figure 7. A, Morphotype 3, Male, gnathopod 1; B, Morphotype 3, Male, gnathopod 2;
C, Morphotype 4, Male, gnathopod 1; D, Morphotype 4, Male, gnathopod 2.
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Leucothoe spinicarpa "complex" morphotype 4 (Fig. 7C,D)

Diagnosis: Anterior margin of the basis of gnathopod 2 furnished with extremely long
setae alternating with shorter setae, and weak scalloping the entire length of the palm.

Description: Gnathopod 1 with 4-8 spines on palm, 5-7 short setae on basis. Gnathopod
2 propodus stout; palm with minor scalloping; 1 row ofmediofacial setae projecting
approximately 65% across anterior margin; carpus reaching approximately 40% across
propodus.

Color: Translucent to pale white.
Adult size: Apparently sexually mature at approximately 2 mm; maximum size
approximately 6 mm.

Distribution: Found in several sponge species including Amphimedon compressa,
Amphimedon sp., Niphates amorpha, N. digitalis, N. erecta, Ircinia campana, and Lfelix
in all habitats sampled (Table 4).
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Amphipod species and abundance
A total of 1,930 amphipods of five known species and one species "complex"
consisting offour morphotypes were collected from 244 sponges sampled (Table 1,4,5).
Specimens identified as the Leucothoe spinicarpa (Abildgaard) "complex" were the most
abundant commensal amphipods, comprising 63% (n=I,213) ofthe total (Table 4), and
present in all sponge species that contained amphipods. Callyspongia vaginalis and
Niphates digitalis were the most common hosts of leucothoid individuals (Table 4).
Leucothoe spinicarpa morphotype 4 was the most abundant, accounting for 93%
(n=1128) of the total. The maximum number ofleucothoids found in any single sponge
was 53 in C. vaginalis from the shallow reef area in Broward County. Overall, 73% of
the individual host sponges harbored leucothoid commensals (Fig. 8).
The average number ofleucothoids per 10 ml of sponge varied from 0.06±0.01
(Holopsamma. helwigz) to 5.57±0.57 in Cal/yspongia vaginalis (Fig. 9A). A majority (10
of 14) of the sponges had amphipod densities of <1 per 10 ml. Leucothoid densities of
four sponge species (Amphimedon sp., C. vaginalis, Niphates digitalis, and N. erecta)
were above 1.0 per 10 ml. No significant differences existed between average number of
leucothoids per 10 ml of sponge species sampled at any two locations (t-test, p>0.05).
Niphates digitalis was the only sponge species sampled at three locations (Broward
hardbottom, Broward reef, Monroe patch reef), and average number of leucothoids per 10
ml volume did not differ significantly among them (ANOVA p<0.05).
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Host Sponge

Habitat

Amphimedon compressa

IHB (n=lO)
2BR (n=lO)

Amphimedon sp.

HB (n=lO)
BR (n=lO)
3SB (n=lO)
"Mc (n=7)
HB (n=lO)
BR (n=lO)
MC (n=lO)
HB (n=lO)
HB (n=lO)
SB (n=10)
HB (n=lO)
SB (n=8)
MC (n=9)
SB (n=lO)
HB (n=lO)
HB (n=lO)
BR(n=10)
5PR (n=lO)

Anthosigmella varians
Brown Sponge
Callyspongia vaginalis
Haliclona sp.
Holopsamma helwigi
I rcinia campana
Ircinia felix
Mycale sp.
Myriastra kallitetilla
Niphates anwrpha
Niphates digitalis

Colomastix
bousfieldi

Colomastix
falcirama

Colomastix
halichondriae

Colomastix

Colomastix

irciniae

janiceae

1
27
28
35
89

2

3
2
4

11
262
186
12
8

3
7

Niphates erecta

BR (n=lO)
1
HB (n=lO)
Spheciospongia vesparium
SB (n=lO)
Tedania ignis
SB (n=lO)
25
MC(n=lO)
11
Table 5. Abundance and distribution of Colomastix species within sponge hosts. (lHardbottom Area. 2 Broward Reef.
3Seagrass Beds. 4 Mangrove Creek. 5 Patch Reef).
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Sponge Species

Figure 8. Percent of individual sponges with Leucothoe spinicarpa "complex"
amphipods; (n)= number of individual sponges examined.
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Figure 9. Average number (± 1 SE) ofleucothoid (A) and colomastigid (B)
amphipods inhabiting each sponge species.

31

5

By contrast with Leucothoe, all species of Colomastigidae were distinguishable.
A total of 717 colomastigids belonging to five species were collected: Colomastix

bousjieldi LeCroy, C. falcirama LeCroy, C. halichondriae Bousfield, C. irciniae LeCroy,
and C. janiceae Heard and Perlmutter (Table 5). Colomastix amphipods inhabited 41 %
of all sponges sampled (Fig. 10). They were commonly found in Myriastra kallitetilla
and Mycale sp. (Table 5), and were never found in three sponge species, Anthosigmella

varians, C. vaginalis, and Spheciospongia vesparium. Colomastix falcirama was the
most abundant species, comprising 52% (n=375) of the popUlation. Almost all (97%)
were collected from the mangrove creek in Momoe County. Colomastix falcirama also
accounted for the greatest number of Colomastix individuals found in any single sponge:
76 in Mycale sp.

The average number of colomastigids per IOmI of sponge ranged from 0.04±0.02

(Ircinia campana) to 7.27±1.76 in Mycale sp. from the mangrove creek (Fig. 9B). A
majority of the sponge species had densities of <1 amphipod per 10 ml. Colomastigid
densities were above 1.0 per 10 ml in three sponge species (Amphimedon compressa,
unidentified brown sponge, and Mycale sp.). No significant differences existed between
the average number of colomastigids in 10ml of any given sponge species between any
two locations (t-test, p>0.05). Niphates digitalis was the only sponge species sampled at
three locations (Broward hardbottom, Broward reef, Momoe patch reef), and average
number of colomastigids per 10 ml volume did not differ significantly among them
(ANOVA p<0.05).
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Figure 10. Percent of individual sponges with Colomastix amphipods; (n)= number of
individual sponges examined.

33

Amphipod population structure
Leucothoid and colomastigid amphipods collected in this study range from
juveniles to mature adults. Adult females, distinguished by the presence of oostegites,
dominated populations within both families, accounting for 42% (n=509) ofleucothoids
and 54% (n=387) of colomastigids (Fig. II). Ovigerous females comprised only 5% and
14% of female populations, respectively. The percentage of adult males, distinguished
by visible penes, was similar for both families: 36% (n=437) and 33% (n=237) of
leucothoids and colomastigids, respectively. There was a higher percentage of juvenile
leucothoids (22%) as opposed to colomastigids (13%) (Fig. 11). Within leucothoids,
juveniles were rarely found without the presence of an adult. Similarly, juvenile
colomastigids were found without an adult in only five of 12 specimens of N. digitalis
and six other scattered occurrences. In M kallitetilla, juveniles were often nestled with
adult females in a cavity, while in Mycale sp. only II juveniles were found in a total of
262 colomastigids, eight of which were nestled in a single specimen with a group of
females.
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Figure 11. Overall population represented by growth stages of 1eucothoid and
colomastigid amphipods.
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Sponges containing amphipod commensals were examined for male-female pairs.
Twelve sponge species contained male-female pairs of leucothoids: Amphimedon sp.,
Anthosigmella varians, Callyspongia vaginalis, Haliclona sp., Ircinia campana, L felix,
Myriastra kallitetilla, Niphates amorpha, N. digitalis, N. erecta, Spheciospongia
vesparium, and Tedania ignis. The majority of individual sponge hosts (106 of 169)
contained male-female pairs of leucothoids. Individual sponges with zero pairs of adults
were excluded from the ratio calculation so averages were not skewed. The ratio of adult
males to adult females range from 0.46±0.26 (Ircinia campana) to 2.33±0.88 (Haliclona
sp.) (Fig. 12A). Niphates amorpha contained male-female pairs in only two of six
sponges, while Haliclona sp. and M kallitetilla contained pairs in three of six and three
of 10, respectively. The ratio within the leucothoids was split equally, with six of the 12
sponge hosts showing male bias, and six also showing female bias (Fig. IIA). Sponges
that did not host male-female pairs (A. compressa, unidentified brown sponge,
Holopsamma helwigi, and Mycale sp.) frequently contained only individual adults. No
adult leucothoids were found in the samples of Holopsamma helwigi.
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Figure 12. Average ratio (±l SE) of adult male: adult female leucothoid
(A) and colomastigid (B) amphipods from sponge host species with
individual sponges harboring adult amphipods.
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Individual hosts of nine sponge species contained male-female pairs of
colomastigids: A. compressa, Amphimedon sp., unidentified brown sponge, Haliclona sp.,
/. campana, Mycale sp., M. kallitetilla, N. amorpha, and T. ignis (Fig. 12B). Of 91

individual hosts representing the eight sponge species, 39 contained adult pairs. Sex
ratios ranged from 0.78±0.1l (Amphimedon sp.) to 2.50±1.5 (Niphates amorpha). Males
dominated in six of the nine sponge species, while females dominated in the other three:
Amphimedon sp., Mycale sp., and Tedania ignis (Fig. 12B). Haliclona sp. and /.
campana contained only one male-female pair in one and four sponges, respectively,

while N. amorpha contained two pairs in three samples. No adult colomastigids were
found in samples of Anthosigmella varians, Callyspongia vaginalis, and Spheciospongia
vesparium, while Niphates erecta housed only a single adult male.

Body lengths (rostrum to telson) of all amphipods ranged from <1.0 mm to 10.0
mm. Colomastigids were relatively smaller than leucothoids, with an average size of
2.78 mm, while the average leucothoid was 4.72 mm. The majority of juveniles
representing both genera were <3mm (Fig. 13A,B). Specimens from both families span
the same size range, but there were fewer colomastigids <5mm, than leucothoids. In
particular, most female colomastigids were 3-4 mm but no more than 5 mm, while most
female leucothoids were also 3-4 mm, but reached 9 mm.
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Figure 14 shows the population structure of 1eucothoid and co1omastigid
amphipods for each sponge species by the percentage of amphipods in each 1.O--mm size
class. The wide range of amphipod size classes in sponges reflects the widespread
presence of both adults and juveniles in individual sponge hosts. In certain sponge hosts
(Amphimedon compressa, Callyspongia vaginalis, Niphates digitalis), 1eucothoids
appeared to reach a maximum growth size of approximately 4-5 mm. In other instances
(Anthosigmella varians, unidentified brown sponge, Mycale sp.), only larger 1eucothoids
(>5mm) appeared to colonize the host species. Co1omastigid amphipods larger than 5.0
mm were found in only two host species, Myriastra kallitetilla and Mycale sp. There was
substantial lack of overlap between the two families in the unidentified brown sponge and
Mycale sp.
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Figure 14. Size classes ofleucothoid (. ) and colomastigid (~) amphipods for each sponge
species shown by the percentage of amphipods per 1.0 mm size class. N= total number of
individuals.
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DISCUSSION

Marine sponges examined harbored five species and 4 morphotypes of
colomastigid and leucothoid amphipods, respectively (Table 4,5). Of20 sponge species
examined, 16 housed colomastigid and leucothoid amphipods, indicating they are quite
common in the study areas (Table 1). Sponges in the genera Aplysina, Agelas, and

Iotrochota did not harbor commensal amphipods, although species in the former two do
so elsewhere (LeCroy, 1995; Villamizer and Laughlin, 1991). Species of Agelas have
also been documented to host commensal shrimp (Duffy, 1992). All Aplysina examined
were quite small (average volume = 18ml), and larger sponges in this genus may house
amphipod commensals.

Sponges as hosts
Factors affecting the occupation of host sponges by commensal amphipods are
virtually unknown. Host characteristics such as size, internal volume, diameter of canals,
presence or absence of secondary metabolites that may deter predators and structural
complexity are all potential factors that could affect the occupation of host species by
symbiotic associates. Other parameters may include host growth form, distribution, and
densities, as well as water temperature, salinity, and depth.
Several studies have investigated sponge size and volume in relation to abundance
of associated fauna (Westinga and Hoetjes, 1981; Costello and Myers, 1987). LeCroy
(1995) found a significant difference in volume between host sponges that housed

Colomastix and those that did not, but did not find a correlation between host size and
number of species or individual amphipods. In a similar study, Thiel (1999) found no
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significant relationship between host size (ascidians) and number of individual Leucothoe

spinicarpa "complex" amphipods. Costello and Myers (1987) reported amphipod
abundance increased significantly with increasing sponge size, while Westinga and
Hoejtes (1981) concluded that the number of taxa increased logarithmically with sponge
volume. However, estimates of potential canal volume have proved problematic,
incorporating two measures: volume displacement (LeCroy, 1995), and dry weight
(Biernbaum, 1981). These methods give a measure of sponge tissue; not the internal
spaces where the commensals are commonly located. Therefore, while volume
displacement gives a rough estimate of sponge size in relation to other specimens of the
same species, it does not provide an accurate correlation when compared to abundance of
fauna. A more appropriate measure of volume is to somehow assess the amount of
available space for inhabitants by documenting channel (canal) diameter. Duffy (1992)
found that the commensal snapping shrimp, Synalpheus. occurred more commonly in
hosts, such as Spheciospongia vesparium. that exhibited a diversity of canal widths.
Villamizer and Laughlin (1991) also suggested that sponges offering a system of
channels and meanders that could provide a complex domicile may support a greater
number of individuals and diversity of taxa.
In this study, volume data was recorded to give an indication of the strong
variation of size among hosts. Overall, host sponges varied between 18.1±2.46 ml

(Aplysinafistularis) and 134.1±23.5 ml (Irciniafelix) (Fig. 2). Additionally, volume was
considered in relation to the total number of amphipods per sponge species. Only two
sponge species, Cal/yspongia vaginalis and Ircinia felix showed a positive correlation
between host size (expressed as volume) and total number of amphipods, while no
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correlation was found in the other 12 of 14 sponge species for which volume data was
available (Fig. 3).
Host sponges differed in overall size (expressed as average total volume) (Fig. 2)
and morphology (Table 2). However, while more difficult to access, structural
complexity of sponges may be a more accurate indicator of host suitability than gross
volume. Frith (1976) found that larger branched or fistulose sponges hosted more
individuals and species of associates than flatter, or unbranched colonies. In the present
study, it would appear that canal size might have a greater affect on the size of individual
amphipods than the overall number of amphipods in a host. For example, the host
sponge Anthosigmella varians had an average canal size of 6.23 mm (Table 2), and
leucothoids from that host ranged in size from 5.2 mm to 9.1 mm (Fig. 14).
Alternatively, Callyspongia vagina lis, which has an average interior canal size of only
2.06 mm, housed leucothoids that ranged from 1.4 mm to 4.8 mm.
It is possible that the internal architecture of a sponge may limit the maximum

growth size of commensals. Although it would be difficult for a large (>5mm) adult
amphipod to find suitable habitat in sponges with small interior canals, the smaller canals
may provide a suitable habitat for juveniles and sub adults. Thiel (1999) hypothesized
that micro-habitats, such as the zooids ofthe stoloniferous ascidian Clavelina oblonga,
which prove unsuitable for adult leucothoid amphipods, may in fact be safe alternatives
in which juveniles and subadults may avoid intraspecific aggression, and therefore ensure
reproductive success. The sponges, Callyspongia vaginalis and Niphates digitalis were
occupied by leucothoid amphipods with average sizes of3.16 mm and 3.14 mm
respectively. One and three percent of these respective populations were represented by
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ovigerous females as compared to hosts with larger canals such as Myriastria kallitetilla
(average size = 4.61 mm) and Spheciospongia vesparium (average size = 6.25 mm) that
contained 17% and 10% ovigerous females, respectively. The lack of ovigerous females
in sponges with smaller (1--4 mm) canal systems indicates that females and juveniles may
seek shelter in certain hosts until they reach reproductive maturity and search for a
suitable host in which to reproduce. Host sponges such as C. vaginalis and N. digitalis
present a unique habitat in that the amphipods are living in small, shallow canals, yet
appear to be safe from predators within deep tubes. Another, and possibly more
important, factor in host preference may be the overall internal structural morphology of
the sponge. One common factor among the sponges with the highest number of
inhabitants, such as C. vaginalis, Mycale sp., Myriastra kallitetilla, is the presence of
numerous meandering canals, cavities, or easily accessible oscules (Table 2).
Host sponges may also influence commensal populations through the presence of
compounds, such as secondary metabolites that serve as predator deterrents. Feeding
studies have indicated that certain sponge tissues yield deterrent extracts to the Caribbean
wrasse, Thalassoma bifasciatum (pawlik et ai, 1995). Many sponges that contained
significant numbers of amphipods, including Callyspongia vaginalis and Niphates erecta,
did not contain secondary metabolites and constituted the largest component of
spongivore fish (fish that feed predominantly on sponges) diets in the field (pawlik et aI.,
1995; Pawlik, 1997) (Table 3). The large amount of amphipods found in those sponges
may indicate that amphipods themselves do not "like" secondary metabolites. However,
the host sponge Mycale sp., which contains Nitrogenous macrocyclic alkaloids that are
generally thought to be predator deterrents, also contained several amphipods. It is
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possible that chemical compounds do not affect the commensals because they are not
actually eating the sponge tissue, and therefore the presence or absence of these
compounds do not contribute to host selection.

Taxonomy
The Colomastigidae, which has been recently monographed (Atlantic and Gulf of
Mexico species) (LeCroy, 1995), allowed for easy species identifications. In contrast, the
Leucothoidae, which is in dire need of revision, were problematic. Previous studies have
attempted to docwnent abundance ofleucothoid amphipods (Thiel, 1999; Ortiz, 1975),
but apparently distinct taxa have been placed together in L. spinicarpa. Thiel (2000)
reported two members of the L. spinicarpa complex from ascidians and sponges and
labeled them L. "ascidicola" and L. "spongico/a" (his quotes) respectively. Without
precise taxonomic descriptions and a comprehensive revision of the family, studies
incorporating leucothoids will continue to be taxonomically limited, and ambiguities will
remain. In an effort to address the need for taxonomic clarification, this study identified
and diagnosed four distinct morphotypes ofthe Leucothoe spinicarpa "complex".

Abundance and distribution of the genera Leucothoe and Colomastix
Members of the Leucothoe spinicarpa "complex" discussed in this study do not
appear to be host specific. They inhabit all sponge species that harbored amphipods in
this study, and 73% of individual hosts (n=244), suggesting that the availability of a host
may be an important factor in determining distribution and occurrence. Morphotypes 1,
2, and 3 showed some degree of host specificity with the sponges Anthosigmella varians,

Spheciospongia vesparium, and Callyspongia vaginalis, respectively (Table 4).
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Morphotypes I and 2 were large and are probably restricted to sponges with larger canal
systems. Morphotype 3 was found inhabiting some of the same sponge hosts as
Morphotype 4 and closer examination of the 529leucothoids collected from C. vaginalis
may reveal additional specimens. In terms of number of individuals, the most common
hosts ofthis complex were C. vaginalis, Niphates digitalis, and Amphimedon sp. Two
hosts, C. vaginalis and N digitalis are tubular sponges. Ortiz (1975) noted that
amphipods attributed to L. spinicarpa in Cuba appeared to show preference for tubular
sponges such as Cribrochalina sp. and Callyspongia sp. Other commensals (e.g.,
polychaetes, decapods) were noticeably absent from the tubular sponge hosts, possibly
because the channel diameters and ostia in these hosts were too small for them to enter.
Individual C. vaginalis and N. digitalis sponges parasitized by the zooanthid

Parazoanthus parasiticus, did not house commensal amphipods, possibly because the
zooanthid occupying the ostia leading into the canal system prevented amphipods from
entering the sponge. Mycale sp., Holopsamma helwigi, and Amphimedon compressa
harbored the fewest numbers ofleucothoids. Ortiz (1975) did not report commensals
from any samples of H. helwigi in Cuba.
Colomastigids occupied 41 % of individual host sponges (Fig. 10). Colomastix

janiceae and C. faldrama showed a very generalized distribution among hosts and
sampling locations (Table 5). Colomastixjaniceae occurred in sponges at all sampling
locations, with the exception of the mangrove creek station. In a Gulf of Mexico study,
(LeCroy, 1995) it was the commonest Colomastix encountered, and was proportionally
more abundant in Geodia sp. than in any other host taxa. Geodia tends to have large
internal canals and cavities, as does the most common host of C. janiceae in this study,
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Myriastra kallitetilla, which may indicate that sponges with this particular characteristic
may provide more living space than sponges with smaller or fewer canals and/or cavities.
Another previously recorded host of C. janiceae, Spheciospongia vesparium (Heard and
Perlmutter, 1977; Thomas, 1979; Westinga and Hoeijes, 1981), also has large internal
canals and cavities. It is possible that C. janiceae, a larger species [maximum of 9.4mm
(Heard and Perlmutter, 1977; LeCroy, 1995), maximum of9.5mm present study] prefers
or requires hosts with relatively large interior canals or cavities.
Colomastix falcirama dominated the colomastigid population at the Mangrove
Creek and was the most common Colomastix species encountered in this study. LeCroy
(1995) documented a variety of hosts including Agelas dispar, CaUyspongia vaginalis,
Ircinia strobilina, and Aplysina sp. In addition, she reported findings from the
Grenadines, British West Indies (1956 Smithsonian-Bredin Caribbean Expedition,
unpublished station notes) where specimens of C. falcirama were collected from a
submerged wreck near a mangrove creek, and theorized that the amphipods probably
occupied sponges growing on the wreck. This species may thus be characteristic of
mangrove environments.
By contrast, C. irciniae preferred hosts of the genus Ircinia, but did not prefer one
species to another. These data are consistent with patterns of C. irciniae reported from
the Gulf of Mexico (LeCroy, 1995).
Colomastix bousfleldi, previously recorded as a sponge commensal (LeCroy,
1995, Thiel, 2000), was only collected at a single location, the Broward hardbottom area,
in the host sponge, Niphates amorpha. Three of the ten samples of N amorpha at this
site contained C. bousfleldi.
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Colomastix halichondriae, previously recorded as an associate of the sponges
Haliclona loosanojfi, Halichondria bowerbanki, Lissodendoryx isodictyalis and
Microciona prolifera (Bousfield, 1973; Biembaum, 1981) and Agelas dispar,
Callyspongia vaginalis and Geodia gibberosa (LeCroy, 1995), were primarily found in
Amphimedon sp. at both the Broward hardbottom area and the Broward reef. Only one
specimen, a subadult male, was found in another host, N erecta, at the Broward Reef.
Past records indicate this species is not host specific, although it appears to prefer
Amphimedon sp. to other hosts in the study area.
The sponges Mycale sp., Myriastra kallitetilla, and unidentified brown sponge
contained the greatest number of individual colomastigids, while harboring far fewer
leucothoids. In M kallitetilla and one single Mycale sp., groups of up to six
colomastigid females and juveniles were found nestled together within a cavity, and may
indicate extended parental care within this genus. According to Barnard and Kararnan
(1991) the cylindrical body shape of colomastigids suggests that colomastigids may be
tunnellers, in which case soft-bodied sponges such as Mycale sp. and unidentified brown
sponge would be ideal hosts in which to seek shelter. Colomastigids were not found in
Anthosigmella varians, Callyspongia vaginalis, and Spheciospongia vesparium.
Westinga and Hoetjes (1981) did not record Colomastix from a study of S. vesparium at
Cura~ao

and Bonaire, although Heard and Perlmutter (1977) and Thomas (1979) reported

C. janiceae from S. vesparium in the lower Florida Keys.

50

CONCLUSIONS

The infonnation compiled in this study demonstrates that commensal amphipods
of the families Colomastigidae and Leucothoidae are abundant members of the ecological
community within sponge hosts. However, before the dynamics of this unique
community structure can be explored, there must be clarification of the taxonomic
discrepancies within the Leucothoidae. Commensalism itself bonds tightly with genetic
adaptations such as mutation, inbreeding, etc. Commensal organisms such as the
snapping shrimp, Synalpheus, and Leucothoe spinicarpa have demonstrated advanced
social behaviors within hosts including eusociality (Duffy, 1996; 2000) and parental care
(Thiel, 1999), respectively. Further studies on advanced social behaviors require precise
taxonomic identifications of the commensal amphipods.
Traditionally, scientists have focused on the morphology and behavior of
organisms in recognizing species. The study of biodiversity and interrelationships
between organisms depends upon the accurate identification of the species being studied.
Cryptic species, such as commensal amphipods, which resemble one another so closely
as to sometimes be indistinguishable, are often incorrectly identified. New sources of
data such as chromosomes and DNA are utilized as powerful tools for documenting the
genetic basis of organisms. An understanding of genetic variation among species, as
well as morphological and behavioral infonnation will provide more accurate species
level identifications. Studies using molecular systematics will help resolve questions
about the nature, history, and evolution of biological diversity.
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There are several factors that could influence the selection of a host among
commensal amphipods. It appears from this study that structural morphology of the host
may be of great importance. In order to justify this, it would be beneficial to develop a
means of measuring internal canals and cavities that are suitable as living space for the
commensals. This would also allow for a more accurate correlation between host volume
and abundance of fauna. Other important factors include sponge location and chemical
ecology ofthe host. Once again, further studies would be required to assess the
importance of these factors.
This study serves as a stepping stone for research involving commensal
amphipods and their sponge hosts. The identification of colomastigid and leucothoid
commensal amphipods as a component of the benthic community in a variety of
southeast Florida habitats opens the door for further research including basic aspects of
amphipod biology and ecology, such as systematics, social behavior, growth, dispersal
and reproduction.
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