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ABSTRACT

In this study we recorded sponge-dwelling colonies of four Synalpheus species from several
locations around the island of Sulawesi, Indonesia. We measured characteristics of the colony
organization like colony size, sex ratio, within-colony morphological variation and size frequencies,
and recorded the infection with abdominal and thoracic bopyrid isopod parasites. In one particular
colony of Synalpheus neptunus neptunus, we found one large ovigerous female or ‘queen’ together
with many male individuals, indicating a eusocial colony organization. A percentage of males in four
of the five colonies of this species lack a rostrum. This morphological variation within the colony
could be an indication of a highly developed social structure, where behavioural variety (e.g., labour
division) is expected. Illustrated diagnoses and restricted synonymies of the species recorded are
provided.

RESUME

Dans cette étude ont été étudiées des colonies de quatre espéces de Synalpheus habitant des
éponges de plusieurs sites autour I’ile de Sulawesi, Indonésie. Les caractéristiques de 1’organisation
de la colonie comme la taille de la colonie, le sex ratio, les variations morphologiques et les
fréquences de taille a I’intérieur de la colonie ont été mesurées, et ’infection par des isopodes
bopyridés parasites abdominaux ou thoraciques a été notée. Dans 1’une de ces colonies de Synalpheus
neptunus neptunus, une grande femelle ovigere ou “reine” a été trouvée parmi de nombreux individus
males, indiquant une organisation de la colonie de type eu-social. Un certain pourcentage de méles
dans quatre des cinq colonies présentent une absence de rostre. Cette variation morphologique a
I’intérieur de la colonie pourrait étre une indication d’une structure sociale hautement développée,
dans laquelle des comportements différents (p.e. division du travail) sont a attendre. Des diagnoses
illustrées et des synonymies réduites sont données pour quatre especes.
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INTRODUCTION

The snapping shrimp genus, Synalpheus Bate, 1888 (Decapoda, Alpheidae),
with over 100 species described, comprises one of the largest genera of marine
decapod crustaceans in shallow tropical waters (Banner & Banner, 1975). Most
are commensal associates of sessile marine invertebrates, including corals, sea
anemones, sea urchins, and particularly sponges and crinoids (Bruce, 1976;
VandenSpiegel et al., 1998; Duffy & Macdonald, 1999). Alpheids, among the
most abundant mobile cryptofauna on tropical reefs (Bruce, 1976; Duffy, 1996b),
produce a crackling sound by the snapping of their chelae (Johnson et al., 1947;
Duffy, 1992) familiar to SCUBA divers in the tropics. Sponge-dwelling species of
Synalpheus are often found in large groups within a sponge (Pearse, 1950). Skewed
sex ratios within these groups have demanded explanations for years. Recently,
genetic data showed that colony members of Caribbean Synalpheus species are
closely related (Duffy, 1996a; Duffy et al., 2002). Interestingly, these colonies
are found eusocial (Duffy & Macdonald, 1999) in accordance with conventional
criteria, used to describe insect groups.

Eusociality is the most extreme form of animal social organization character-
ized by three features: overlapping generations, reproductive division of labour,
and cooperative broodcare (Andersson, 1984). Eusociality is well-known among
social insects and the African mole-rats (Jarvis, 1981), but the first eusocial ma-
rine animal, a sponge-dwelling alpheid shrimp of the genus Synalpheus, was
only recently recognized (Duffy, 1996a). Colonies of the Caribbean Synalpheus
regalis Duffy, 1996 comprise up to 350 individuals inside a sponge, invariably
with only one reproductive female. The larger colony members defend the colony
against heterospecific intruders (Duffy, 1996a). It is now known that several
species of sponge-dwelling alpheid shrimps (Synalpheus) exhibit monogynous,
eusocial colony organizations, yet there are no descriptions of colonial organi-
zations of Synalpheus species outside the western Atlantic. In this study, colonies
of Synalpheus species from several locations around the island of Sulawesi, In-
donesia, in the Indo-West Pacific, are recorded with observations on within-
colony morphological variety. Furthermore, the data obtained on these sponge-
dwelling shrimp were used to describe the social structure and host-use patterns of
Synalpheus species from this area, that are likely to have a colonial organization.

MATERIAL AND METHODS

Samples were collected using SCUBA at three sites on Sulawesi from July
to October 2000 and from May till August 2002: (1) Bunaken Marine Na-
tional Park, north Sulawesi (Alung Banua, SW Bunaken Island (01°37.084'N
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124°45.501'E) and SW Siladen Island (01°37.603'N 124°47.989'E)); (2) the Sper-
monde Archipelago, southwest Sulawesi (NW of Samalona island (05°07'19.6”S
119°20'24.6"E); Kudingareng Keke (05°06'11.7”S 119°17'04.9”E); Bone Lola
(05°03'08.7"S 119°21'12.4"E); Barang Lompo (05°02'51”S 119°19'44"E); Kapo-
posang (04°41.651'S 118°55.208'E); (3), Tanjung Bira, south Sulawesi (SW of
Island Liukan, 05°38'16.6”S 120°27'00.8"E).

Sponges were methodically sampled. Prior to collection, sponges were pho-
tographed under water and colour, lifeform, and depth were recorded. In the labo-
ratory, the sponges were dissected to remove all associated animals. Sponge sam-
ples were identified and deposited at the National Museum of Natural History,
Leiden and the Zoological Museum of Amsterdam. Shrimps were preserved in
70% ethanol, identified, measured, and sexed (ovigerous female, non-ovigerous
female, normal male/juvenile, or morphologically different male/juvenile [males
cannot be distinguished from juveniles, because they do not develop secondary
sexual characteristics: see Felder, 1982]). The infection by bopyrid isopods was
recorded.

The shrimp specimens examined are deposited at the Nationaal Natuurhistorisch
Museum (previously Rijksmuseum van Natuurlijke Historie (RMNH)) at Leiden.
The postorbital carapace length (pocl.) is used as a standard measurement indicat-
ing the size of the specimens.

RESULTS

Approximately 400 sponge specimens were collected, 17 of which contained
more than 10 specimens of a single Synalpheus species. The Synalpheus
(sub)species that were present in such large numbers were: S. fossor (Paulson,
1875), S. hastilicrassus Coutiere, 1905, S. neptunus neptunus (Dana, 1852), and
S. aff. neomeris (table I).

Three colonies of Synalpheus fossor were found in the sponge host, Mycale
vansoesti Calcinai, Bavestrello, Totti, Romagnoli & Cerrano, 2006 and one colony
in Dysidea arenaria (Bergquist, 1961). Colony size varied between 13 and 20
specimens, and the individuals were skewed toward a larger size and also show
a reproductive skew (fig. 1A). Both sexes have a normally developed major chela.

Synalpheus hastilicrassus was found in the sponges Fascaplysinopsis reticulata
(Hentschel, 1912) and Dysidea arenaria. The colonies show a reproductive skew
but no skew toward larger size (fig. 1B). In addition, two sponges with less than
ten shrimps were found. Both sexes have a normally developed major chela.

Synalpheus neptunus neptunus was found in Coscinoderma aff. matthewsi
Lendenfeld, 1886, Axynissa aft. cavernosa (Dendy, 1922), and Ircinia. The colonies
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TABLE I
Population characteristics of Synalpheus colonies, sponge host, and collection localites. Sponge
hosts: Ac, Axinyssa aff. cavernosa (Dendy, 1922); Cb, Clathria basilana Levi, 1961; Cm, Coscino-
derma aff. matthewsi Lendenfeld, 1886; Da, Dysidea arenaria (Bergquist, 1961); Fr, Fascaplysinop-
sis reticulata (Hentschel, 1912); Ge, Gelliodes sp.; Ir, Ircinia sp.; Mv, Mycale vansoesti Calcinai,
Bavestrello, Totti, Romagnoli & Cerrano, 2006. Locality: NS, North Sulawesi; SA, Spermonde
Archipelago; SS, South Sulawesi. Colony size, sex ratio; fov., ovigerous females; males/juv., num-
ber of normal males or juveniles; abb. males, number of morphologically different males; female +
bopyrid, the number of females infected by bopyrid isopods

Species of Synalpheus Sponge Location Colony Numbers of:
host code size

fov. males/ abb. female +
juv.  males bopyrid

S. fossor (Paulson, 1875) Da SS 14 0 14 0 0
Mv NS 20 3 17 0 0
Mv NS 13 3 10 0 0
Mv SS 18 1 17 0 0
S. hastilicrassus Coutiere, 1905 Fr NS 20 4 16 0 0
Da SS 10 2 8 0 0
S. n. neptunus (Dana, 1852) Ir SA 32 0 27 5 0
Cm SA 289 1 250 35 3
Ac SA 42 0 41 0 1
Ac SA 106 0 103 3 0
Cm SA 388 0 372 16 0
S. aff. neomeris (De Man, 1897) Ge SA 10 1 9 0 0
Cb SA 78 11 67 0 0
Cb SA 39 1 38 0 0
Cb SA 29 4 25 0 0
Cb SA 15 1 14 0 0
Cb SA 15 1 14 0 0

of S. neptunus neptunus are characterized by extremely large numbers. In only one
colony, however, an extreme large, ovigerous female of 5.5 mm carapace length
was found (fig. 5B). This female is morphologically different from the males in
having the massive major chela of the first pereiopod replaced with a small chela,
identical to the normal minor first chela, as has been observed in Synalpheus fi-
lidigitus Armstrong, 1949 by Duffy & Macdonald (1999). The largest males reach
a carapace length of 4.3 mm. In four out of the five colonies collected, a cer-
tain percentage of the male specimens was observed to lack the rostrum (fig. 5D).
Three non-ovigerous females possessing a well-developed major first chela, carry
an abdominal bopyrid. These females are of the same size as the largest males
(fig. 1C). Nine specimens with a lateral bopyrid under the carapace are all rela-
tively small males. The colonies have a higher number of males in the larger size
classes (fig. 1C).
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Fig. 1. Frequency distribution of carapace lengths of: A, 4 colonies of at least 10 individuals
of Synalpheus fossor (Paulson, 1875); B, 2 colonies of at least 10 individuals of Synalpheus
hastilicrassus Coutiere, 1905; C, one colony of Synalpheus neptunus neptunus (Dana, 1852).

The six colonies of Synalpheus aff. neomeris with ten or more individuals were
found in one specimen of an undescribed Gelliodes sp. and five specimens of
Clathria basilana Levi, 1961. Colony size varied between 10 and 78 specimens,
and individuals were skewed towards a larger size and also showed a reproductive
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Fig. 2. Frequency distribution of carapace lengths of 6 colonies of at least 10 individuals of
Synalpheus aff. neomeris (De Man, 1897).

skew (fig. 2). In addition, twenty-two sponges with less than ten shrimp specimens
of this species were found. Both sexes have a normally developed major chela.
A large number of sponge hosts contained other inhabitants, besides Synalpheus.

SYSTEMATIC ACCOUNT

Synalpheus fossor (Paulson, 1875)
(fig. 3A-D)

Alpheus fossor Paulson, 1875: 103, pl. 13 fig. 5 (type locality: Red Sea).
Synalpheus fossor — Coutiere, 1905: 872, pl. 70, fig. 6.

Synalpheus fossor var. propinqua De Man, 1909: 121; 1911: 250, pl. 9, fig. 39.
Synalphues trionyx Coutiere, 1908: 196; 1921: 416, pl. 61, fig. 9.

Synalpheus Bakeri Coutiere, 1908: 199.

Synalpheus Bakeri var. Stormi De Man, 1911: 253, pl. 9, fig. 40.

Material examined. — 14 specimens, RMNH D 51603: South Sulawesi, Tanjung Bira, Pulau
Liukan, 5°38.227’S 120°27.013’E; 5.vii.2002; 27 m depth; in Dysidea arenaria; collected by
K. Didderen, KD/BI/050702/119. — 20 specimens, RMNH D 51604: North Sulawesi, SW Siladen
Island, 1°37.603'N 124°47.989'E; 17.v.2002; 15 m depth; in Mycale vansoesti; collected by
K. Didderen, KD/MD11/170502/055. — 13 specimens, RMNH D 51505: North Sulawesi, SW
Siladen Island, 1°37.603'N 124°47.989’E; 23.v.2002; 17 m depth; in Mycale vansoesti; collected
by K. Didderen, KD/MD11/230502/083. — 18 specimens, RMNH D 51606; South Sulawesi,
Tanjung Bira, Pulau Liukan, 5°38.227’S 120°27.013'E; 5.vii.2002; 28 m depth; in Mycale vansoesti;
collected by K. Didderen, KD/B1/050702/115.
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Diagnosis. — Rostrum distally acute, slightly longer than orbital teeth, reaching
halfway to distal margin of basal segment of antennular peduncle. Orbital teeth
distally acute, median margin proximally straight or concave. Stylocerite reaching
just beyond distal margin of basal segment of antennular peduncle. Basicerite
with acute superior spine reaching halfway basal segment of antennular peduncle,
inferior spine as long as stylocerite. Carpocerite slightly longer than antennular
peduncle. Scaphocerite reaching with distolateral tooth almost to or just beyond
third segment of antennular peduncle, lamina narrow, reaching distal margin of
second segment of antennular peduncle.

Chela of minor first pereiopod non-spatulate, fingers 2/3 of palm length; merus
with dorsodistal margin with acute tooth. Major chela with blunt tooth above
dactylar articulation.

Third pereiopod without meral spines; one distoventral spine on carpus; propo-
dus with row of c. 7-11 ventral spines, increasing in number with body size, and
two ventrodistal spines; dactylus triunguiculate, moderately slender; unguis almost

Fig. 3. Synalpheus fossor (Paulson, 1875). Male, pocl. 7.5 mm, RMNH D 51604. A, lateral aspect;
B, anterior appendages, dorsal aspect; C, left third pereiopod; D, do., dactylus. Scale bar: A = 4 mm;
B,C=2mm; D =0.15 mm.
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as long as accessory tooth, proximally as broad as accessory tooth; corpus with an-
gular tooth in distal third.

Telson with stout dorsal spines at about 0.5 and 0.7 of its length; distolateral
angles slightly projecting, acute, 0.5-1.0 times length of outer posterior spine.

Synalpheus hastilicrassus Coutiere, 1905
(fig. 4A-D)

Synalpheus hastilicrassus Coutiere, 1905: 875, pl. 72, fig. 12 (type locality: Maldives).
Synalpheus hastilicrassus var. acanthitelsoniformis De Man, 1920: 108; 1922: 29, pl. 3 fig. 14-14a.

Material examined. — 20 specimens, RMNH D 51607: North Sulawesi, SW Bunaken Island,
Alung Banua, 1°37.084'N 124°45.501'E; 15.v.2002; 17 m depth; in Fascaplysinopsis reticulata;
collected by K. Didderen, KD/MD7/150502/035. — 10 specimens, RMNH D 51608: South
Sulawesi, Tanjung Bira, Pulau Liukan, 5°38.227’S 120°27.013’E; 5.vii.2002; 27 m depth; in Dysidea
arenaria; collected by K. Didderen, KD/BI/050702/119.

Diagnosis. — Rostrum distally acute, slightly longer than orbital teeth, almost
reaching distal margin of basal segment of antennular peduncle. Orbital hoods

Fig. 4. Synalpheus hastilicrassus Coutiere, 1905. Male, pocl. 5.6 mm, RMNH D 51608. A, lateral
aspect; B, anterior appendages, dorsal aspect; C, left third pereiopod; D, do., dactylus. Scale bar:
A=4mm;B=2mm;Cl =mm;D =0.15 mm.
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distally acute, median margin proximally straight. Stylocerite reaching to distal
margin of basal segment of antennular peduncle. Basicerite with acute superior
spine reaching halfway basal segment of antennular peduncle, inferior spine
slightly longer than stylocerite. Carpocerite 1.5 times as long as antennular
peduncle. Scaphocerite reaching with distolateral tooth just beyond third segment
of antennular peduncle, lamina narrow, reaching distal margin of second segment
of antennular peduncle.

Chela of minor first pereiopod spatulate, fingers 2/3 of palm length; merus
with dorsodistal margin without acute tooth. Major chela with blunt tooth above
dactylar articulation.

Third pereiopod without meral spines; one distoventral spine on carpus; propo-
dus with row of c. 8 ventral spines, increasing in number with body size, and two
ventrodistal spines; dactylus biunguiculate, moderately slender; unguis as long as
accessory tooth, proximally as broad as accessory tooth.

Telson with stout dorsal spines at 0.3 and 0.6 of its length; distolateral angles
slightly projecting, acute, about one-third of length of outer posterior spine.

Synalpheus neptunus neptunus (Dana, 1852)
(fig. SA-F)

Alpheus neptunus Dana, 1852a: 22; 1852b: 553, (1855) pl. 35, fig. 5 (type locality: Sulu Sea,
Philippines).

Synalpheus neptunus — Coutiere, 1898: 274.

Synalpheus neptunus neptunus — D.M. Banner & A.H. Banner, 1975: 317, fig. 11.

Synalpheus theano (not De Man) — A.H. Banner & D.M. Banner, 1966: 69, fig. 24.

Material examined. — 32 specimens, RMNH D 51609: South Sulawesi, Makassar, Samalona
NW, 5°7.326'S 119°20.410'E; 10.vi.2002; 16 m depth; in Ircinia sp.; collected by K. Did-
deren, KD/UP/100602/102. — 289 specimens, RMNH D 51610: South Sulawesi, Makassar, NW
Samalona, 5°7.326'S 119°20.410'E; 10.vi.2002; 16 m depth; in Coscinoderma aff. matthewsi; col-
lected by K. Didderen, KD/UP/100602/103. 42 specimens, RMNH D 51611: South Sulawesi,
Makassar, Bone Lola, 5°3.145’S 119°21.207'E; 12.vi.2002; 14 m depth; in Axynissa aff. cavernosa,
049/061; collected by K. Didderen, KD/UP/120602/109. — 106 specimens, RMNH D 51612: South
Sulawesi, Makassar, Bone Lola, 5°3.145’S 119°21.207'E; 13 m depth; in Axynissa aff. cavernosa;
collected by K. Didderen, KD/UP/170602/111. — 388 specimens, RMNH D 51613: South Sulawesi,
Makassar, Bone Lola, 5°3.145’S 119°21.207'E; 13 m depth; in Coscinoderma aff. matthewsi; col-
lected by K. Didderen, KD/UP/170602/112.

Diagnosis. — Rostrum distally blunt, slightly longer than orbital teeth, reaching
halfway to distal margin of basal segment of antennular peduncle. Orbital hoods
distally rounded, median margin proximally concave. Stylocerite not reaching
to distal margin of basal segment of antennular peduncle. Basicerite with small
superior spine, inferior spine slightly longer than stylocerite. Carpocerite slightly
longer than antennular peduncle. Scaphocerite reaching with distolateral tooth just
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Fig. 5. Synalpheus neptunus neptunus (Dana, 1852). A, C, E, F, male, pocl. 4.2 mm; B, ovigerous

female, pocl. 5.5 mm; D, aberrant male, pocl. 4.0 mm, RMNH D 51610. A, B, lateral aspect; C, D,

anterior appendages, dorsal aspect; E, left third pereiopod; F, do., dactylus. Scale bar: A, B = 4 mm;
C,D=2mm; E=15mm; F=0.15 mm.

beyond second segment of antennular peduncle, lamina narrow, reaching distal
margin of basal segment of antennular peduncle.

Chela of minor first pereiopod spatulate, fingers 2/3 of palm length; merus
with dorsodistal margin without acute tooth. Major chela with blunt tooth above
dactylar articulation. Major chela not developed in females, both first pereiopods
with morphology of minor chela of male.

Third pereiopod without meral spines; one distoventral spine on carpus; propo-
dus with row of 5 ventral spines, and two ventrodistal spines; dactylus biunguicu-
late, moderately slender; unguis as long as accessory tooth, proximally as broad as
accessory tooth.

Telson with stout dorsal spines at 0.33 and 0.66 of its length; distolateral angles
not projecting, acute.
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Synalpheus aff. neomeris (De Man, 1897)
(fig. 6A-D)

Material examined. — 10 specimens, RMNH D 51614: South Sulawesi, Makassar, Bone Lola,
5°3.145’S 119°21.207'E; 12.vi.2002; 14 m depth; in Gelliode sp., collected by K. Didderen,
KD/UP/120602/108. — 78 specimens, RMNH D 51615: South Sulawesi, Makassar, Kudingareng
Keke; 29.viii.2000; 20 m depth; in Clathria basilana, collected by A. Janssen, Cb10/290800/KK/AJ.
— 39 specimens, RMNH D 51616: South Sulawesi, Makassar, Barang Lompo, 05°02'51”S
119°19'44"E; 26.viii.2000; 14 m depth; in Clathria basilana, collected by A. Janssen, Cb07/260800/
BL/AJ. — 29 specimens, RMNH D 51617: South Sulawesi, Makassar, Barang Lompo, 05°02/51”S
119°19'44"E; 5.viii.2000; 13 m depth; in Clathria basilana, collected by A. Janssen, Cb01/050800/
BL/AJ. — 15 specimens, RMNH D 51618: South Sulawesi, Makassar, Barang Lompo, S05°02'51”S
119°19'44"E; 26.viii.2000; 10 m depth; in Clathria basilana, collected by A. Janssen Cb09/260800/
BL/AJ. — 15 specimens, RMNH D 51619: South Sulawesi, Makassar, Barang Lompo, S05°02/51”S
119°19'44"E; 20.ix.2000; 13 m depth; in Clathria basilana, collected by A. Janssen, Cb24/200900/
BA/AJ.

Diagnosis. — Rostrum distally blunt, slightly longer than orbital teeth, reaching
distal margin of basal segment of antennular peduncle. Orbital hoods distally acute,
median margin proximally convex. Stylocerite reaching to proximal third of second
segment of antennular peduncle. Basicerite with distinct acute superior spine,
inferior spine as long as stylocerite. Carpocerite longer than antennular peduncle.
Scaphocerite reaching with distolateral tooth beyond antennular peduncle, lamina
narrow, reaching or overreaching distal margin of ultimate segment of antennular
peduncle.

Fig. 6. Synalpheus aff. neomeris (De Man, 1897). Ovigerous female, pocl. 5.1 mm, RMNH D 51615.
A, lateral aspect; B, anterior appendages, dorsal aspect; C, left third pereiopod; D, do., dactylus.
Scale: A=4mm;B=1mm;C=2mm; D =0.15 mm.
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Chela of minor first pereiopod not spatulate, fingers slightly more than half of
palm length; merus with dorsodistal margin with acute tooth. Major chela with
acute tooth above dactylar articulation; merus with dorsodistal acute tooth.

Third pereiopod with 4-5 meral spines; one distoventral spine on carpus;
propodus bowed with row of c. 8 ventral spines, increasing in number with
body size, and two ventrodistal spines; dactylus biunguiculate, moderately slender,
strongly hooked; unguis half as long as accessory tooth; accessory tooth three times
as broad as proximal width of unguis.

Telson with stout dorsal spines at about 0.4 and 0.6 of its length; distolateral
angles not projecting, acute.

Remarks. — Specimens of this species have been recorded from both Alcy-
onaria and Porifera. The specimens found on Alcyonaria might belong to a differ-
ent species than those found in Porifera. The unguis of the Alcyonaria-associated
specimens is about a third of the length of the accessory tooth, while it is about half
the length in the Porifera-associated specimens. The accessory tooth is usually
somewhat upturned in the Alcyonaria-associated specimens while straigth in the
Porifera-associated specimens. P1 minor has the fingers slender and about as long
as the palm in the Alcyonaria-associated specimens (see De Man, 1911, pl. 6 figs.
24, 25), while the fingers are more robust and distinctly shorter than the palm in the
Porifera-associated specimens. Specimens associated with Porifera have the third
pereiopod with about 4 meral spines versus only one in the Alcyonaria-associated
specimens. Spines on the telson are large, situated at about 0.4 and 0.6 of the tel-
son length in Porifera-associated specimens, smaller and at about 0.5 and 0.7 of
the telson length in Alcyonaria-associated specimens. The lectotype and paralec-
totypes (D.M. Banner & A.H. Banner, 1975, fig. 22i, j) have the unguis a third of
the length of the accessory tooth and are most likely collected from alcyonarians.

DISCUSSION

Colonies of Synalpheus species as described here for Synalpheus fossor, S. nep-
tunus neptunus, S. hastilicrassus, and S. aff. neomeris, are unusual among alpheids
in their apparent tolerance of conspecifics. The unusual colony organization of
these sponge-dwelling alpheids is similar to those found in various social insects.
In S. fossor and S. aff. neomeris, a few large male and ovigerous female specimens
are present in each colony together with many small (probably juvenile) speci-
mens. The cases where more than one ovigerous female was present in a sponge
host could be explained by the simultaneous presence of multiple breeding pairs. In
a specimen of the host sponges Dysidea arenaria collected at the island of Liukan
at the southernmost tip of Sulawesi, colonies of both S. fossor and S. aff. neomeris
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were encountered, indicating that these species also tolerate colonies of congeneric
species.

S. neptunus neptunus has a colony structure that is comparable to that of
the Caribbean eusocial species, S. regalis and S. filidigitus. This suggests that
S. neptunus neptunus is indeed a eusocial species, as suggested by Duffy &
Macdonald (1999: 290). One ovigerous female or “queen” was observed in one
specimen of Coscinoderma aff. matthewsi; this is the first record of a female S.
neptunus neptunus. No females were observed in the other five colonies of this
S. neptunus neptunus. ‘Queen-less’ colonies of S. neptunus neptunus have been
recorded before by Banner & Banner (1975), and for S. filidigitus by Duffy &
Macdonald (1999). Duffy & Macdonald (1999) suggested that this absence might
be explained by escape of the female during collection. In the present study, the
sponge hosts were collected by covering the complete sponge with a sealed plastic
bag, and it is therefore unlikely that a shrimp could have escaped and was missed
during dissection. Thus, the absence of an ovigerous female remains unexplained.
The observation of abdominal bopyrids only occurring in small, non-ovigerous
females and lateral thoracic bopyrids only in males, may indicate some causal link.
Possibly, males infected by abdominal bopyrids change their secondary sexual
characteristics from male to female, like the softening of the strongly calcified
pleura of the abdomen, the loss of the ventroposterior tooth on these pleura, and
the elongation of the endopod of the first pleopod.

The within-colony morphological variation found in the development of the
male rostrum in S. neptunus neptunus might indicate a highly developed social
structure, where polymorphism could be an expression of an underlying genetic
structure, and where behavioural diversification (e.g., labour division) is expected.
Since it is often suggested that the Crustacea are the marine sister taxon of the
terrestrial Arthropoda, the morphological variation between the three types of
specimens found in S. neptunus neptunus colonies, can possibly be explained by
the adaptive caste structure as found in social insects (Oster & Wilson, 1978). The
colony of S. neptunus neptunus is divided into an extremely large queen, and two
distinct types of workers. This colony structure is comparable to the division in
queen, minor workers, and major workers (soldiers) as seen in insects. Assessing
the significance of within-colony morphological variation in Synalpheus colonies
will contribute to our understanding of social organizations.
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