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ABSTRACT

Recently, the Caribbean snapping shrimp Synalpheus regalis was shown to be eusocial
by the criteria historically used for honeybees, ants, and termites, i.e., colonies contain a
single reproducing female and a large number ofnon-breeding “workers.” This finding
prompted a reexamination o f several previously puzzling reports o funusual population
structures in other Synalpheus species. New collections, and observations made by stu-
dents ofthis genus over the last century, suggest that several sponge-dwelling Synalpheus
species similarly exhibit overlapping generations and monopolization o freproduction by
a few individuals, and thus that these species may also be eusocial according to classical
entomological criteria. The evidence for this conclusion includes reports ofseveral Car-
ibbean and Indo-Pacific species occurring in large aggregations of “juvenile” shrimp
accompanied by few or no mature females. Here I describe one of these species as
Synalpheus chacei. Like other members o fthe gambarelloides species group within this
genus, S. chacei is an obligate inhabitant o fliving demosponges, and has been collected
from at least seven host species in Caribbean Panama, Belize, and the Virgin Islands.
Stomach contents comprised primarily detritus and diatoms, suggesting that S. chacei
feeds on material inhaled in the host sponge’s feeding current. The new species is mor-
phologically similar to S. bousfieldi, and is most reliably distinguished from it (and in-
deed, apparently from all other species of Synalpheus) by a unique pair of longitudinal
setal combs on the dactyl of the minor first chela. Like S. regalis. S. chacei lives in
colonies ofup to several dozen individuals ofoverlapping generations, in which only a
single female breeds, and is thus likely to be eusocial. Interestingly, males ofS. chacei
exhibit an apparent dimorphism in the development of the major chela (fighting claw)
which may reflect a concomitant differentiation in behavior among individuals within a

colony.

Snapping shrimps in the genus Synalpheus are among the dominant motile cryptofauna
in coral reefhabitats throughout the world, both in terms o fabundance (Reed et al., 1982;
Snelgrove and Lewis, 1989) and species diversity (Bruce, 1976; Banner and Banner, 1975,
1981, 1983; Chace, 1972, 1989; Dardcau, 1984). In the Caribbean Sea, the majority of
Synalpheus species belong to Coutiére’s (1909) gambarelloides (formerly “laevimanus™)
group, characterized by a dense brush of setae on the dactyl of the minor first chela.
Nearly all of the gambarelloides species are obligate associates of living sponges. They
are generally rather small (most <20 mm total length), spending their entire lives within
the internal canals of their hosts, and many species show direct development (Dobkin,
1965, 1969) and gregarious habits (Duffy, 1992). The high diversity o fSynalpheus (>100
described species, Chace, 1989) has probably resulted both from the highly specific habi-
tat (host) requirements ofits species, many of which associate with only a small number
ofsessile reefinvertebrate species in a given area, and from the tendency toward strong
spatial differentiation ofpopulations resulting from extremely restricted dispersal (Duffy,
1993, 1996b,c).
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Historically, Synalpheus has presented many challenges to taxonomists, chiefamong
which is the difficulty of defining and diagnosing species, which are numerous, distin-
guished by rather subtle morphological distinctions, and which often exhibit substantial
morphological variation within putative species. Itis now clear that some o fthis variation
is partitioned among previously unrecognized sibling biological species occupying dif-
ferent hosts (Duffy, 1996c¢), although there can also be substantial variation in body size
and morphology among individuals that are certainly conspecific (Dardeau, 1984; Duffy,
1996b,c). Another puzzle presented by these shrimp is the occurrence, noted repeatedly
by students ofSynalpheus, of anomalous population structures, specifically the frequent
observation oflarge groups of apparently juvenile shrimps accompanied by few or no
adults. The reports o fthis situation have stimulated nearly a century ofspeculation about
its potential causes (Coutiere, 1907, 1909; Banner and Banner, 1975,1981,1983;Dardeau,
1984).

The recent discovery of eusociality in Synalpheus regalis (Duffy, 1996a) may offer an
explanation for these “juvenile” aggregations. Eusociality (or “true sociality”) is charac-
teristic ofthe familiar social insects such as ants, termites, and honeybees (Wilson, 1971),
as well as the celebrated naked mole-rat (Sherman et al., 1991). Traditionally, eusociality
has been recognized by three criteria (Wilson, 1971 ;butsee Sherman et al., 1995; Crespi
and Yanega, 1995; Costa and Fitzgerald, 1996 for changing views on the concept of
eusociality): (1) cohabitation ofdifferent generations, (2) restriction ofreproduction to a
small number of individuals, and (3) cooperative defense of the “nest”. S. regalis meets
all ofthese criteria (Duffy, 1996a). My collections o fthe new species Synalpheus chacei
indicate a population structure similar to that of S. regalis, as do published collection
notes for several other sponge-dwelling Synalpheus species, suggesting that eusociality
may eventually be confirmed in anumber ofsnapping shrimps from throughout tire world’s

tropical seas.
M ETHODS

Live shrimp were obtained from the internal canals o fsponges, collected using scuba. Sponges
were taken from the vicinity ofthe Smithsonian Institution’ field station at Carrie Bow Cay, Belize
(16°48'N, 88°05'W), and from several reefs near the Smithsonian Tropical Research Institute’
(STRI) field station in the San Bias Islands on the Caribbean coast of Panama (9°34'N, 78°58'W).
Colonies o fshrimp (i.e., demes inhabiting individual sponges) were removed by dissecting sponges,
preserved in~10% formalin in seawater, and later transferred to 70% ethanol for storage. Carapace
length (from base ofrostrum to posteromedial margin of carapace) was measured using an ocular
reticle. Unless otherwise stated, reported measurements are from the dissected male paratype (USNM
282772). Shrimp were dissected in 70% ethanol, and drawings were made with the aid ofa camera
lucida.

To gain some insight into the relationship between S. chacei and its hosts, I examined stomach
contents from ten individuals collected from the sponge Niphates amorpha in the San Bias islands,
and quantified the contents by pressing the material under a cover slip and identifying the items
under 100 haphazardly chosen points in the field ofview at a magnification of250x.
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S YSTEMATICS

Family Alpheidae Rafinesque, 1815
Genus Synalpheus Bate, 1888
Synalpheus chacei new species
(Figs. 1-5)
Synalpheus bousfieldi (in part: Virgin Gorda specimens) — Chace, 1972.
Synalpheus bousfieldi— Dufty, 1992.
Synalpheus near bousfieldi — Duffy, 1996a.

Material. Specimens were taken by divers from the demosponges Agelas dispar, A.
clathrodes. Hyattella intestinalis, Hymeniacidon amphilecta, and Lissodendoryx cf.
strongylata at depths 0f2-20 m in the vicinity of Carrie Bow Cay, Belize, and from the
demosponges Niphates amorpha and Lissodendoryx colombiensis growing among mixed
coral and sand at depths 0f3-10 m in the vicinity o fthe STRI field station in the San Bias
Islands ofPanama. The specimens described by Chace (1972) from Virgin Gorda, British
Virgin Islands, and tentatively assigned to S. bousfieldi (USNM 136109), were also ex-
amined.

Types. Holotype (USNM 282773): adult male, 2.4 mm carapace length; Paratypes
(USNM 282772): ovigerous female (figured, in part), 2.9 mm carapace length; adultmale
(figured), 2.3 mm carapace length; and 61 males and juveniles, comprising the complete
colony from a single specimen ofthe demosponge Agelas dispar from 3 m depth, grow-
ing under overhanging coral in the spur-and-groove zone of Carrie Bow Cay, Belize,
collected 13 December 1990, J. E. Duffy, collector, station 90CBC-36. The type series is
deposited in the National Museum ofNatural History, Smithsonian Institution, Washing-
ton, D.C.

Description— A small, smooth, compact alpheid, subcylindrica! in body form. Ros-
trum (Fig. 1) bluntly triangular, approximately equal in length to ocular hoods, falling
well short ofdistal margin of first segment ofantennular peduncle, ventral surface weakly
convex but lacking orbitorostral process. Ocular hoods bluntly triangular, well separated
from rostrum.

Pleuron of first abdominal somite of male (Fig. 1) with acute, hooklike tooth at
posteroventral corner; second pleuron broadly rounded to slightly concave ventrally, third
through fifth pleura with ventral margins produced posteriorly into blunt points; sixth
pleuron with blunt point between posteroventral angle and posterolateral angle. Pleura 1-
4 offemale (Fig. 1) with ventral margins broadly rounded; pleuron 5 produced ventrally
into blunt point. Telson (Fig. 1) broadly triangular; anterior width about 3.5 times poste-
rior width; lateral margins nearly straight; dorsal surface bearing two pairs ofrather weak
spines, one pair situated slightly anterior, and the other posterior, to midlength of seg-
ment, both pairs arising from near lateral margins; posterior margin armed with two pairs
of spines, the medial pair about twice length of lateral pair; posterior margin between
medial spines bearing 2 pairs of dorsally directed simple setae and four posteriorly di-
rected plumose setae.

Stylocerite (Fig. 1) ofantennular peduncle convex laterally, with blunt tip, overreach-
ing rostrum but falling somewhat short of midpoint of first segment of antennular pe-
duncle. Segments ofantennular peduncle stout, first (visible portion) slightly longer than
second and third, the latter two subequal in length.
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Figure 1. Synalpheus chacei, new species. Paratype male (USNM 282772), carapace length 2.4
mm: a, anteriorregion in dorsal view; b, anterior region in lateral view; ¢, abdomen in lateral view;
d, telson and uropods in dorsal view; e, left first pleopod; f, left second pleopod. Paratype female
(USNM 282772), carapace length 2.9 mm: g, anterior region in dorsal view; h, abdomen in lateral
view.
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Figure 2. Synalpheus chacei, new species, paratype male, a, left mandible; b, left first maxilla; c,
left second maxilla; d, left first maxilliped; e, left second maxilliped; f, left third maxilliped.

Antennal scale (scaphocerite, Fig. 1) slender, reaching to between proximal and distal
margin of third segment o f antennular peduncle, blade completely lacking. Basal anten-
nalsegment (basicerite) with dorsal margin unarmed, forming obtuse angle; lateral spine
stout, extending approximately to distal margin ofsecond segment o fantennularpeduncle,
two-thirds to three-fourths length ofscaphocerite. Distal segment o fpeduncle (carpocerite)
roughly 5 times as long as broad, overreaching antennularpeduncle by approximately the
length ofthe latter’s third segment.

Mouthparts as figured. M andible (Fig. 2) with 6 teeth on incisor process, molar process

largerthan incisor, palp two-segmented. Palp offirst maxilliped (Fig. 2) consisting oftwo
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Figure 3. Synalpheus chacei, new species. “Falcate” male, carapace length 2.4 nun: a, chela of
major first pereiopod in lateral (medial) view; b, same, dorsal (extensor) view. Paratype male: c,
chela of major first pereiopod in lateral view; d, same, dorsal view. Paratype female: e, chela of
major first pereiopod in lateral view; f, same, dorsal view.

segments. Third maxilliped (Fig. 2) slightly overreaching antennal peduncle, terminating
in circlet of 5 spines, exopod nearly reaching distal margin ofantepenultimate segment.

Major first pereiopod (Fig. 3) overreaching antennal peduncle by length ofchela; chela
ofmales tending toward dimorphism in size and development of fingers: chela ofmost
“normal”) males (e.g., paratype, Fig. 3) subcylindrical, with palm terminating dorsodistally
in low, obscure bump, not noticably curved along axis, approximately 3 times as long as
broad, about equal in length to carapace, fingers 0.38 as long as palm, stout and not
noticably compressed laterally; chela of largest (“falcate”) males (Fig. 3) curved along
axis perpendicular to plane of fingers, 2.9 times as long'as broad, 1.08 times carapace
length, fingers about 0.44 as long as palm, elongated and laterally compressed, dactyl
somewhat sickle-shaped (falcate), with hooklike tip; chela offemales (Fig. 3) similar to
that ofnormal males butsomewhat smaller, 0.64 ofcarapace length; carpus ofboth males
and females short and broad; merus more than half as long as palm, extensor margin
unarmed distally. Minor first pereiopod (Fig. 4) overreaching antennal peduncle by length
ofchela; chela about 2.5 times as long as broad, palm slightly inflated, both fingers dis-
tinctly bidentate, extensor surface ofdactyl (Fig. 4B) bearing two slightly separated, lon-
gitudinal rows of curved, dentate setae; carpus about half as long as chela; merus more
than three times as long as wide.

Second pereiopod (Fig. 4) overreaching antennal peduncle by length of chela, fingers
more than 1.5 times as long as palm, both fingers bearing dense groups of setae. Carpus
roughly 1.5 times as long as chela, composed of five articles with relative lengths about
3.5:1:1:1:2, the proximal segment longest. Merus approximately equal in length to car-

pus and about 1.5 times as long as ischium.
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Figure 4. Synalpheus chacei, new species, paratype male, a, minor first pereiopod; b, same, detail
ofdactyl, extensor view; c, left second pereiopod.

Third to fifth pereiopods similar in length and structure, relatively stout, biunguiculate;
dactyl with tooth on flexor margin somewhat divergent from curve ofsegment, subequal
in length and basal width to terminal tooth. Third pereiopod (Fig. 5) reaching approxi-
mately to distal margin o fantennal peduncle; propodus slightly more than four times as
long as dactyl, flexor margin armed with 5 movable spines spaced evenly along its length
as well as a distal pair of movable spines, both flexor and extensor margins bearing sev-
eral long setae; carpus about 0.6 as long as propodus, extensor margin bearing well-
developed distal lobe, flexor margin with movable spine at distal end; merus unarmed,
about 1.5 times as long as propodus; coxa bearing short, stout spine at distal comer of
flexor margin. Fourth pereiopod (Fig. 5) similar to third but slightly shorter, extending to
around midpoint o fcarpocerite. Fifth pereiopod (Fig. 5) reaching approximately to ante-
rolateral margin ofcarapace at antennal sinus; propodus somewhat less than five times as
long as wide, flexor margin armed with pair of movable spines at distal margin and six
transverse rows of stout serrulate setae in distal half of segment; extensor margin with
several long setae; carpus unarmed, about 0.7 as long as propodus; coxa lacking spine on
distal part of flexor margin.

Male first pleopod (Fig. 1) with endopod about half of exopod length, bearing three
setae distally and two setae on its lateral margin. Male second pleopod (Fig. 1) with
endopod subequal in size to exopod; appendix masculina lacking; appendix interna aris-
ing at about 0.44 ofendopod length, about 0.40 as long as endopod, with about five short
curled setae (concinnuli).

Uropod lateral branch (Fig. 1) with a single fixed tooth along margin proximal to mov-
able spine, and a single tooth distal to movable spine; lacking transverse articulation.
Eggs (Fig. 1) rather large, 0.86-0.91 mm long in clutch from paratype female (mean =
0.88, n=10).
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Figure 5. Synalpheus chacei, new species, paratype maie. a, left third pereiopod; b, same, dactyl; c,
left fourth pereiopod; d, same, dactyl; e, left fifth pereiopod; f, same, dactyl.

Variation.— Ass is typical in this genus, S. chacei exhibits sexual dimorphism in the size
ofthe major chela, the female’s being proportionally smaller than those ofmature males
(Fig. 3). More interestingly, there is a suggestion ofdimorphism in major chela develop-
ment among large males as well, with one to several ofthe larger males within a colony
bearing a hypertrophied chela, longer than those of “normal” males in the same colony,
and bearing proportionally longer, sickle-shaped fingers (Fig. 3), for which reason Irefer
to these hypertrophied males as “falcates”. It is unclear whether the enlargement o f the
chelaaccompanies the molt to maturity, as there are otherwise no external morphological
characters that reliably indicate male maturity in Synalpheus. In any case, there is no
obvious difference between normal and falcate males in carapace length or in the struc-
ture of the second pleopod.

S. chacei also exhibits variation among colonies, or among geographically separated
populations, in several other characters. One ofthe more obvious o fthese is development
ofthe protuberance on the distal margin ofthe major chela palm, which varies from near
absence to a prominent, low bump in different populations.

Colorin life.— In life, S. chaceiis a somewhat nondescript shrimp. The body is gener-
ally translucent, sometimes with a faint gold tinge where the cuticle is thickened, and a
slightly darkerbrown tinge to the distal palm and fingers ofthe major chela. The eggs are
a pale grayish-green.

Size (carapace length).— Ovigerous females to 3.0 mm; males and juveniles to 2.4
mm (males and juveniles are not clearly distinguished by any external morphological

criteria).
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Habitat, Hosts, and Ecology.— Like most other members o fthe gambarelloides species
group (Dardeau, 1984; Duffy, 1992, 1996c¢), S. chaceihas been found exclusively in asso-
ciation with living sponges. The type series was collected from within the internal canals
ofthe demosponge 4. dispar, growing beneath overhanging ledges ofthe coral Agaricia
tenuifolia in the spur- and-groove zone o fthe reefat Carrie Bow Cay, Belize, ata depth of
3 m. Other sponges from which S. chaceihas been collected in Belize include 4. clathrodes
(Agelasidae), H. intestinalis (Spongiidae), H. amphilecta (Hymeniacidonidae), and L. cf.
strongylata (Myxillidae). In the San Bias islands of Panama, it has been found in N.
amorpha (Niphatidae) and L. colombiensis. Although these collections indicate a rather
wide hostrange forS. chacei, local populations can be quite specialized; in the immediate
vicinity ofthe STRI field station in San Bias, for example, S. chacei has been found only
inN. amorpha, despite the commonness in this area ofboth ofthe Agelas species used in
Belize, and ofL. colombiensis, which ituses in the Mangles Channel area, some kilome-
ters distant from the STRI station.

The most common item in stomachs of S. chacei was amorphous flocculent material,
presumably detritus, which was found in all 10 individuals examined and comprised 68
3.7% (mean = 1 SE) of stomach contents. The proportion of gut volume occupied by
other items appeared to be underestimated by point-counting due to the tendency o fthe
flocculent material to spread out when compressed. The most frequent identifiable item
in the guts was centric diatom fragments (14.1 4.0%), also found in all stomachs, fol-
lowed by mineral grains (1.9 0.4%, 9 of 10 stomachs). All other items occupied <1% of
gut volume on average. Commonly found items included crustacean parts (9 stomachs),
host sponge spicules (7 stomachs), and eggs ofunknown origin (7 stomachs). These data
suggest that S. chacei is rather omnivorous, feeding primarily on phytoplankton and de-
tritus inhaled by the host sponge’s feeding current, but also to some extent on sponge
tissue and perhaps on other small animals.

Etymology.— It is a pleasure to name the new species in honor ofDr. Fenner A. Chace,
Jr., of the National Museum ofNatural History, in recognition ofhis many contributions
to the knowledge o fcaridean shrimps, the consistently high standards he has set for taxo-
nomic research on this group, and his personal encouragement in this work. Dr. Chace
collected the series of specimens from Virgin Gorda and recognized their possible dis-
tinction from the morphologically similar S. bousfieldi (Chace, 1972) but, lacking ad-
equate comparative material at the time, refrained from describing them as new.

D 1SCUSSION

S. chacei is a member of Coutiére’s (1909) gambarelloides (formerly “laevimanus™)
group, characterized by a brush ofsetae on the dactyl ofthe minor first chela, and by the
habit in most species of living exclusively within the internal canals ofliving sponges.
The new species appears most closely related to S. bousfieldi Chace, 1972 and S. brooksi
Coutiére, 1909 in having a single tooth on the lateral margin of the outer branch o fthe
uropod, bidentate fingers ofthe minor first chela, scaphocerite lacking a blade, and the
dorsal spines o fthe telson arising from very near its lateral margins. The new species is in
factso similar to S. bousfieldi that the specimens collected from Virgin Gorda were dis-
cussed by Chace (1972) in his description o fS. bousfieldi as possibly representing juve-
nile stages of the adults designated as types. This series of specimens contains a single
female (with 14 males and juveniles), and the specimens bear an obscure bump on the
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distal margin of the major chela palm and the characteristic pair of longitudinal setal
combs on the minor chela dactyl, all as in the type series ofS. chacei. With the benefitof
a much larger series of specimens than those available to Chace, it is now possible to
conclude that S. chacei and S. bousfieldiare different. Probably the most reliable diagnos-
tic character ofS. chacei is the setation o fthe dactyl ofthe minor chela. The characteristic
feature ofthe gambarelloides group, including S. bousfieldi, is a thick setal brush on the
minor chela dactyl, comprised of numerous tranverse rows ofclosely spaced, curved se-
tae arising from the dactyl’s extensor surface. In contrast, S. chacei is unique among the
gambarelloides species that [ have examined in that this brush is reduced to two longitu-
dinal rows ofsetae (Fig. 4B). The only other exception to this pattern among Caribbean
species occurs in S. paraneptunus, which bears a sparse, poorly organized field ofsetae
on the dactyl, and whose placement in the gambarelloides group is doubtful. Other fea-
tures distinguishing S. chacei from S. bousfieldi include the palm of the major chela,
which terminates in a distinctly produced tooth in the latter species, versus a barely dis-
tinguishable bump in S. chacei, and the somewhat more produced abdominal pleura in
males ofS. chacei.

The morphological characters distinguishing S. chacei from similar species are admit-
tedly quite subtle. Nevertheless, they are consistentboth on a microspatial scale and among
geographic regions. For example, S. chacei, S. brooksi, and S. bousfieldi can all be found
within a few meters ofone another, inhabiting different sponge species on the outer reef
ridge at Carrie Bow Cay, where they display clear differences in morphology, body size,
color, and social organization. Yet samples ofS. chacei collected from different host spe-
cies in Panama, Belize, and the Virgin Islands are similar in body size and morphology,
and almost invariably contain only a single female per sponge. Thus, while the identifica-
tion ofthese shrimp species poses practical problems, there can be little doubt that they
are “good”, genetically distinct biological species, as has been shown for several cryptic
species of the Synalpheus rathbunae complex (Duffy, 1996c). The fact that such appar-
ently closely related species may differ substantially in social organization emphasizes
the critical need for accurate taxonomy in unraveling their social evolution.

Like the recently described S. regalis (Duffy, 1996a,d), S. chacei exhibits a population
structure that strongly suggests it is eusocial. The classical entomological definition of
eusociality is based on three criteria: (1) overlapping generations, (2) reproductive divi-
sion of labor, and (3) cooperative care of young (Michener, 1958; Wilson, 1971). Like
many ofits congeners within the gambarelloides group (Dobkin, 1965, 1969), S. chacei
has direct development, i.e., eggs hatch into benthic, crawlingjuveniles (J. E. Duffy, pers.
observ.). Moreover, the colony of S. chacei inhabiting a given sponge frequently shows
clearly distinct size classes ofjuveniles, suggesting that cohorts ofnewly hatched indi-
viduals remain in the sponge where they are born, and that successive generations live
together within a sponge. The criterion o f“reproductive division oflabor” is supported by
the finding that, in dissections ofover 50 individual sponges from Panama (S. chacei was
referred to as S. bousfieldi in Duffy, 1992) and Belize, the vast majority of S. chacei
colonies contained a single reproducing female, despite colony sizes sometimes exceed-
ing 80 individuals. Evaluating the third criterion— cooperative brood care—requires be-
havioral data. Observations ofS. regalis showed that large non-breeding individuals vig-
orously attacked intruders, thus defending the colony (including small, relatively inactive
juveniles), providing evidence for cooperative brood care in that species (Duffy, 1996a).
Preliminary observations of S. chacei colonies in the lab similarly show greater aggres-
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sive activity in larger individuals than in smaller ones (J. E. Duffy and K. S. Macdonald,
unpubl. data). As the colony structures of these two species are similar, it seems likely
that larger, non-breeding individuals perform a similar role in colonies of S. chacei, and
thus that this species can be considered eusocial.

The finding of eusociality in S. regalis and S. chacei may explain at last the puzzling
phenomenon, described repeatedly by students of this genus, of collections comprising
large numbers of apparently juvenile shrimps with few or no ovigerous females. This
situation has beenreported forS. rathbunae from “dead sponges” on Puerto Rico (Coutiere,
1909), S. neptunus neptunus and A neptunus germanus from unidentified sponges from
Western Australia (Banner and Banner, 1975), S. paradoxus, whose specific name in fact
reflects its highly skewed sex ratio, from an unidentified sponge from the Red Sea (Ban-
ner and Banner, 1981), S. crosnieri from unidentified sponges off Madagascar (Banner
and Banner, 1983), and S. dorae from a sponge in the genus Reniera from northwest
Avustralia (Bruce, 1988). Similarly, while not discussing juvenile characteristics specifi-
cally, Chace (1972) reported collections including only one or a few ovigerous females in
S. paraneptunus (from “coral-encrusted rocks™), and S. rathbunae (“found by cracking
coral”). I have also collected many colonies of the Caribbean species S. rathbunae (re-
ferred to as S. ‘“rathbunae B " in Duffy, 1996c) and S. filidigitus. In both of the latter
species, as in S. regalis, each colony contains only one (in S. filidigitus) or a few (in S.
rathbunae) breeding females (J. E. Duffy, unpub. observ.). Interestingly, most or all ofthe
species discussed above, like S. regalis, are rather small shrimps with characteristics remi-
niscent ofthe juvenile forms of larger, free-living congeners. For example, with the ex-
ception ofS. neptunus and S. crosnieri, all ofthese species have the carpus ofthe second
cheliped composed of four segments in adults, as it is in youngjuveniles of many other
Synalpheus species, most ofwhich have five segments as adults. Similarly, the transverse
suture on the lateral branch ofthe uropod is poorly developed or absent in most of the
small, social Synalpheus species. In light ofthese data from the better studied Caribbean
species, it seems likely that several previous records of dense juvenile aggregations in
Synalpheus represent incomplete collections ofthe colonies ofeusocial forms, and thus
that eusociality may occur among sponge-dwelling snapping shrimps throughout the
world’s tropical oceans.

An especially intriguing characteristic of S. chacei is the tendency toward dimorphism
in the major chela (or fighting claw, Fig. 3), which is used primarily in territorial contests
and defense among alpheids (Hazlettand Winn, 1962; Schein, 1975, 1977;Hughes, 1996;
Duffy, 1996a). Examination of several colonies from Caribbean Panama initially sug-
gested that larger males displayed one or the other oftwo, relatively discrete chela mor-
phs (Fig. 3): “falcates” possess a relatively large, curved chela with long fingers and a
sickle-shaped dactyl, whereas non-falcates ofthe same or similar size possess a smaller,
straighter chela with stout fingers (Fig 3). Such variation in chela development ofmature
males isnotuncommon among crustaceans, occurring in several amphipods (Lowry and
Stoddart, 1983;Conlan, 1989,1990), tanaids (Miiller, 1869; Gardiner, 1975), and caridean
shrimps (Ra’anan and Sagi, 1985). Male dimorphism is also known in many insects (e.g.,
Hamilton, 1979). Behavioral studies o fseveral crustacean and insect species have shown
that the different male morphs have alternative mating strategies, with the largest ormost
heavily armed males being “fighters” and the smaller, weaker ones being “sneakers”
(Alcock, 1979; Ra’anan and Sagi, 1985, Shuster, 1989).



398 BULLErr>I OF MARINE SCIENCE. VOL. 62. NO. 3. 1998

In social insects, such allometric divergence in morphology generally serves another
purpose, resulting in subcastes ofworkers that are specialized in both structure and be-
havior for certain tasks (Wilson, 1971; Oster and Wilson, 1978; 1t6, 1989; Crespi, 1992).
Whether the morphological differentiation o ffalcates in S. chaceirepresents a behavioral
specialization for nest defense, an adaptation for mate competition, or some other, un-

known function, will remain a mystery pending further behavioral studies.
A CKNOWLEDGMENTS

I am grateful to R. Grosberg, B. Kensley, N. Knowlton, and J. Olney for discussion and for
generously sharing facilities; K. Riitzler, M. Carpenter, and B. Kensley for facilitating work at
Carrie Bow Cay; Liz Canuel, T. Macdonald, and P. Renaud for field assistance; K. Smith and Klaus
Ritzler for aid in sponge identification; T. Macdonald and R. Rios-Gonzalez for comments on the
manuscript, and ofcourse to F. A. Chace, Jr., for his example and advice. 1thank the Kuna nation
and the Republic of Panama for permission to work in San Bias. For supporting this research I also
thank the National Science Foundation (DEB Postdoctoral Fellowship), the Smithsonian Institution’
Carribean Coral ReefEcosystem program, from which this is contribution #508, and the Virginia
Institute o f Marine Science, from which this is contribution #2046.

LITERATURE CITED

Alcock, J. 1979. The evolution o fintraspecific diversity in male reproductive strategies in some
bees and wasps. Pages 381-—402 in M. S. Blum and N. A. Blum, eds. Sexual selection and
reproductive competition in insects. Academic Press, New York. 463 p.

Banner, A. H. and D. M. Banner. 1983. Annotated checklistofthe alpheid shrimp from the Western
Indian Ocean. Travaux Documents ’ORSTOM 158: 164 p.

Banner, D. M. andA. H. Banner. 1975. The alpheid shrimp o fAustralia. Part 2: the genus Synalpheus.
Rec. Aust. Mus. 29: 267-389.

and ! 1981. Annotated checklist of the alpheid shrimp ofthe Red Sea
and the GulfofAden. Zool. Verhandelingen 190: 1-99.

Bruce, A. J. 1976. Shrimps and prawns o f coral reefs, with special reference to commensalism.
Pages 37-94 in O. A. Jones and R. Endean, eds, Biology and geology of coral reefs, vol. III:
Biology 2. Academic Press, New York. 435 p.

. 1988. Synalpheus dorae, a new commensal alpheid shrimp from the Australian North-
west shelf. Proc. Biol. Soc. Wash. 101: 843-852.

Chace, F.A., Jr. 1972. The shrimps o fthe Smithsonian-Bredin expeditions with a summary o fWest
Indian shallow-water species (Crustacea: Decapoda: Natantia). Smithson. Contrib. Zool. 98:
179 p.

. 1989. The caridean shrimps (Crustacea: Decapoda) o fthe A/batross Phillipine ex-
pedition, 1907-1910, Part 5: Family Alpheidae. Smithson. Contrib. Zool. 466: 99 p.
Conlan, K. 1989. Delayed reproduction and adult dimorphism in males of the amphipod genus
Jassa (Corophioidea: Ischyroceridae). J. Crust. Biol. 9: 601-625.
* 1990. Revision of the crustacean amphipod genus Jassa Leach (Corophioidea:
Ischyroceridae). Can. J. Zool. 68: 2031-2075.
Coutiére, H. 1907. Sur la presence de males en exces chez deux especes de synalphees. C.R. Séanc.
Soc. Biol. 62:610-612.
. 1909. The American species ofsnapping shrimps o fthe genus Synalpheus. Proc. U.S.
Nat’l. Mus. 36: 93 p.
Costa, J. T. and T. D, Fitzgerald. 1996. Developments in social terminology: semantic battles in a
conceptual war. Trends Ecol. Evol. 11: 285-289.
Crespi, B. I 1992. Eusociality in Australian gall thrips. Nature 359: 724-726.

DUFFY:A NEW EUSOCIAL SNAPPING SHRIMP 399

and D. Yanega. 1995. The definition ofeusociality. Behav. Ecol. 6:109-115.
Dardeau, M. R. 1984. Synalpheus shrimps (Crustacea: Decapoda: Alpheidae). I. The Gambarelloides
group, with a description ofa new species. Mem. Hourglass Cruises 7, Part 2: 1-125.
Dobkin, S. R. 1965. The first post-embryonic stage o iSynalpheus brooksi Coutiére. Bull. Mar. Sei.
15:450-462.
. 1969. Abbreviated larval development in caridean shrimps and its significance in

the artifical culture ofthese animals. F.A.O. Fish. Rep. 57: 935-946

Duffy, J. E. 1992. Hostuse patterns and demography in a guild oftropical sponge-dwelling shrimps.
Mar. Ecol. Prog. Ser. 90: 127-138.

. 1993. Genetic population structure in two tropical sponge-dwelling shrimps that differ
in dispersal potential. Mar. Biol. 116: 459-470.

. 1996a. Eusociality in a coral-reefshrimp. Nature 381: 512-514.

. 1996b. Resource-associated population subdivision in a symbiotic coral-reefshrimp.
Evolution 50: 360-373.

. 1996¢. Species boundaries, specialization, and the radiation o fsponge-dwelling alpheid
shrimp. Biol. J. Linn. Soc. 58: 307-324.

. 1996d. Synalpheus regalis, new species, a sponge-dwelling shrimp from the Belize
Barrier Reef, with comments on host specificity in Synalpheus. J. Crust. Biol. 16: 564-573.

Gardiner, L. F. 1975. The systematics, postmarsupial development, and ecology of the deep-sea
family Neotanaidae (Crustacea: Tanaidaceae). Smithson. Contrib. Zool. 170:1-265.

Hamilton, W. D. 1979. Wingless and fighting males in fig wasps and other insects. Pages 167-220
in M. S. Blum and N. A. Blum, eds. Sexual selection andreproductive competition in insects.
Academic Press, New York. 463 p.

Hazlett, B. A. and H. E. Winn. 1962. Sound production and associated behavior of Bermuda crus-
taceans {Panulirus, Gonodactylus, Alpheus, and Synalpheus). Crustaceana 4: 25-38.

Hughes, M. 1996. Size assessment via a visual signal in snapping shrimp. Behav. Ecol. Sociobiol.
38:51-57.

It6, Y. 1989. Evolutionary biology ofsterile soldiers in aphids. Trends Ecol. Evol. 4: 69-73.

Lowry, J. K. and H. E. Stoddart. 1983. The shallow-water gammaridean Amphipoda ofthe subant-
arctic islands of New Zealand and Australia: Lysianassoidea. J. Roy. Soc. New Zealand 13:
279-394.

Michener, C.D. 1958. The evolution ofsocial behavior in bees. Proc. 10th Int’l. Cong. Entomol. 2:
441-447

Miiller, F. 1869. Facts and arguments for Darwin. John Murray, London. 144 p.

Oster, G. F.and E. O. Wilson. 1978. Caste and ecology in the social insects. Princeton Univ. Press,
Princeton. 352 p.

Ra’anan, Z. andA. Sagi. 1985. Alternative mating strategies in male morphotypes ofthe freshwater
prawn Macrobrachium rosenbergii (De Man). Biol. Bull. 169: 592-601.

Reed, J. K, R. H. Gore, L. E. Scotto and K. A. Wilson. 1982. Community composition, structure,
areal and trophic relationships of decapods associated with shallow- and deep-water Oculina
varicosa coral reefs. Studies on decapod Crustacea from the Indian River region of Florida,
XXIV. Bull. Mar. Sei. 32: 761-786.

Schein, H. 1975. Aspects o fthe aggressive and sexual behaviour ofdlpheus heterochaelis Say. Mar.
Behav. Physiol. 3: 83-96.

. 1977. The role o fsnapping in Alpheus heterochaelis Say, 1818, the big-clawed snapping
shrimp. Crustaceana 33: 182-188.

Sherman, P. W., J. U. M. Jarvis and R. D. Alexander, eds. 1991. The biology ofthe naked mole-rat.
Princeton Univ. Press, Princeton, New Jersey. 518 p.

,E. A. Lacey, H. K. Reeve and L. Keller. 1995. The eusociality continuum. Behav.
Ecol. 6: 102-108.



BULLETIN OF MARINE SCIENCE,VOL. 62, NO, 3, 1998

Shuster, S. M. 1989. Male alternative reproductive strategies in a marine isopod crustacean
{Paracerceis sculpta): the use ofgenetic markers to measure differences in fertilization success

among alpha-, beta-, and gamma-males. Evolution 43: 1683-1698.
Snelgrove, P. V. R. and I B. Lewis. 1989. Response ofa coral-associated crustacean community to

eutrophication. Mar. Biol. 101: 249-257.
Wilson, E. O. 1971. The insect societies. Belknap Press of Harvard Univ. Press, Cambridge. 548 p.

D ATE SUBMITTED: O cTOBER 24, 1996. D ATE A ccepTED: 27 January 1997.

A ppress: Schoolo fMarine Science and Virginia Institute o fMarine Science, The College o fWilliam

andMary, Gloucester Point, Virginia 23062.

BULLETIN OF MARINE SCIENCE, 63(2): 401-116, 1998

ECOLOGY AND FATE OF BUTTERFLYFISHES, CHAETODON SPP.,
IN THE TEMPERATE, WESTERN NORTH ATLANTIC

Richard S. McBride and Kenneth W.Able

ABSTRACT

Three of seven Chaetodon species in the western North Atlantic are reported from
temperate waters, quite unlike most other chaetodontids which are only found at tropical
and subtropical latitudes. This study describes the ecology ofthese species at temperate
latitudes and tests the hypothesis that these individuals are expatriates that die from hypo-
thermal conditions atthe onset ofwinter. We collected fish with dip nets and bottom traps
during 4 yrs, 1990-1993,inaNew Jersey estuary. The most abundantspecies, C. ocellatus,
arrived as pelagic juveniles (or tholichthys stage) as early as July and at sizes of 17-22
mm total length. It settled as small as 18 nun, grew about 0.1-0.2 mm d"1 and reached a
maximum size of 77 mm (n = 388). All sizes appeared to be young-of-the-year fish,
based on modal progression of lengths from July to November. Eighteen of 52 (35%)
marked C. ocellatus were recaptured, generally within 10 m of their release point, indi-
cating good short-term survival and high site fidelity. Individuals were collected during
early November in four consecutive years, at temperatures as low as 12°C, but not in
winter months. In the laboratory, C. ocellatus stopped feeding at about 12°C and did not
survive temperatures of about 10°C or less. Chaetodon capistratus was presentin 3 of4
yrs, but the total number collected (n = 28) precluded detailed examination. Despite ear-
lierreports of C. striatus in this region, we did not observe this species. Overall, Chaetodon
species in our study area were much more abundant than previously reported, and they
grew and survived well for several months in estuarine conditions. Nonetheless, the
evidence did not suggest they were capable ofemigrating during autumn nor surviving
the ambient wintertemperatures, so they become expatriates that will not survive through
their first winter.

Larval dispersal is viewed by some as adaptive (Barlow, 1981) and is considered to be
an important process in structuring reef-fish communities (Sale, 1978) and determining
patterns in recruitment (Cowen, 1985). However, not all eggs and larvae will end up in
habitats suitable for survival (Sinclair, 1988). The Gulf Stream, together with cross-shelf
transport mechanisms, assists in transporting larvae of many species from tropical and
subtropical regions to temperate and boreal regions (Markle etal., 1980; Wroblewski and
Cheney, 1984; Cowen et al., 1993; Hare and Cowen, 1996). Although this particular phe-
nomenon of larval transport is widely known, particularly among aquarists who collect
along temperate coastlines ofthe Mid-Atlantic states (Burgess, 1978; Allen, 1979), there
are few details regarding the presence, ecology, and fate ofthis transient assemblage.

Butterflyfishes (Chaetodontidae) are one component o f'this assemblage, whose adults
are tropically distributed but whose juvenile stages occur seasonally in temperate waters
(e.g., Nichols and Breder, 1926; Hildebrand and Schroeder, 1928). In the western Atlan-
tic, Burgess (1978) reports the northernmost distributions of adult chaetodontids as the
Antilles {Chaetodon guyanensis), Florida (C. aculeatus), and North Carolina or Bermuda
(C. aya, C. capistratus, C. ocellatus, C. sedentarius, and C. striatus). However, juvenile
spotfin butterflyfish, C. ocellatus, have been collected as far north as Nova Scotia, Canada
(Scott and Scott, 1988; McBride, unpubl. ms.), while juvenile foureye butterflyfish, C.
capistratus, and banded butterflyfish, C. striatus, have been collected as far north as
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