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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 o f  non-breeding “workers.” This finding 
prompted a reexamination o f  several previously puzzling reports o f  unusual population 
structures in other Synalpheus species. New collections, and observations made by stu­
dents o f this genus over the last century, suggest that several sponge-dwelling Synalpheus 
species similarly exhibit overlapping generations and monopolization o f  reproduction 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 o f  several Car­
ibbean and Indo-Pacific species occurring in large aggregations o f  “juvenile”  shrimp 
accom panied by few or no mature females. Here I describe one o f  these species as 
Synalpheus chacei. Like other members o f  the gambarelloides species group within this 
genus, S. chacei is an obligate inhabitant o f  living demosponges, and has been collected 
from at least seven host species in Caribbean Panama, Belize, and the  Virgin Islands. 
Stom ach 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 m ost reliably distinguished from it (and in­
deed, apparently from all other species o f  Synalpheus) by a unique pair o f  longitudinal 
setal combs on the dactyl o f  the m inor first chela. Like S. regalis. S. chacei lives in 
colonies o f  up to several dozen individuals o f  overlapping generations, in which only a 
single female breeds, and is thus likely to be eusocial. Interestingly, m ales o f  S. chacei 
exhibit an apparent dimorphism in the development o f  the major chela (fighting claw) 
which may reflect a concomitant differentiation in behavior among individuals w ithin a 
colony.

Snapping shrim ps in the genus Syn a lp h eu s  are am ong the dom inant motile cryptofauna 
in coral re e f  habitats throughout the world, both in term s o f  abundance (Reed et al., 1982; 
Snelgrove and Lewis, 1989) and species diversity (Bruce, 1976; Banner and Banner, 1975, 
1981, 1983; Chace, 1972, 1989; D ardcau, 1984). In the Caribbean Sea, the m ajority o f  
S yn a lp h eu s  species belong to Coutière’s (1909) gam barelloides (form erly “ laevim anus”) 
group, characterized by a  dense brush o f  setae on the dactyl o f  the m inor first chela. 
N early all o f  the gam barelloides species are obligate associates o f  living sponges. They 
are generally rather sm all (m ost <20 mm total length), spending their entire lives within 
the internal canals o f  their hosts, and m any species show direct developm ent (Dobkin, 
1965, 1969) and gregarious habits (Duffy, 1992). The high diversity o f  S yn a lp h eu s  (>100 
described species, Chace, 1989) has probably resulted both from the highly specific habi­
tat (host) requirem ents o f  its species, many o f  which associate w ith only a  small num ber 
o f  sessile r e e f  invertebrate species in a given area, and from  the tendency toward strong 
spatial differentiation o f  populations resulting from extrem ely restricted dispersal (Duffy, 
1993, 1996b, c).
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Historically, Synalpheus  has presented many challenges to taxonom ists, ch ie f am ong 
which is the d ifficulty  o f  defining and diagnosing species, which are num erous, distin­
guished by rather subtle m orphological distinctions, and w hich often exhibit substantial 
m orphological variation w ithin putative species. It is now clear that som e o f  this variation 
is partitioned am ong previously unrecognized sibling biological species occupying dif­
ferent hosts (Duffy, 1996c), although there can also be substantial variation in body size 
and m orphology am ong individuals that are certainly conspecific (Dardeau, 1984; Duffy, 
1996b,c). A nother puzzle presented by these shrim p is the occurrence, noted repeatedly 
by students o f  Synalpheus, o f  anom alous population structures, specifically the frequent 
observation o f  large groups o f  apparently juvenile shrim ps accom panied by few or no 
adults. T he reports o f  this situation have stim ulated nearly a century o f  speculation about 
its potential causes (Coutière, 1907, 1909; Banner and Banner, 1 9 7 5 ,1 9 8 1 ,1983;D ardeau, 
1984).

The recent d iscovery o f  eusociality in Synalpheus regalis (Duffy, 1996a) may offer an 
explanation for these “juven ile” aggregations. Eusociality (or “ true sociality”) is charac­
teristic o f  the fam iliar social insects such as ants, termites, and honeybees (W ilson, 1971), 
as well as the celebrated naked m ole-rat (Sherm an et al., 1991). Traditionally, eusociality 
has been recognized by three criteria (W ilson, 1971 ; but see Sherm an et al., 1995; Crespi 
and Yanega, 1995; C osta and Fitzgerald, 1996 for changing views on the concept o f  
eusociality): (1) cohabitation o f  different generations, (2) restriction o f  reproduction to a 
sm all num ber o f  individuals, and  (3) cooperative defense o f  the “nest” . S. regalis m eets 
all o f  these criteria (Duffy, 1996a). M y collections o f  the new species Synalpheus chacei 
indicate a population structure sim ilar to that o f  S. regalis, as do published collection 
notes for several o ther sponge-dwelling Synalpheus species, suggesting that eusociality 
m ay eventually be confirm ed in a num ber o f  snapping shrimps from throughout tire w orld’s 
tropical seas.

M e t h o d s

Live shrimp were obtained from the internal canals o f  sponges, collected using scuba. Sponges 
were taken from the vicinity o f  the Smithsonian Institution’s field station at Carrie Bow Cay, Belize 
(16°48'N, 88°05'W), and from several reefs near the Smithsonian Tropical Research Institute’s 
(STRI) field station in the San Bias Islands on the Caribbean coast o f Panama (9°34'N , 78°58'W). 
Colonies o f  shrimp (i.e., demes inhabiting individual sponges) were removed by dissecting sponges, 
preserved in~10%  form alin in seawater, and later transferred to 70% ethanol for storage. Carapace 
length (from  base o f rostrum  to posteromedial margin o f  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 o f  a camera 
lucida.

To gain some insight into the relationship between S. chacei and its hosts, I  exam ined 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 o f  view at a magnification o f  250x.
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S y s t e m a t ic s

Family A lpheidae Rafinesque, 1815 
Genus Synalpheus Bate, 1888 

S yna lpheus chacei new  species 
(Figs. 1-5)

Synalpheus bousfieldi (in part: Virgin Gorda specimens) —  Chace, 1972.
Synalpheus bousfieldi —  Duffy, 1992.
Synalpheus near bousfieldi —  Duffy, 1996a.

M aterial. Specimens were taken by divers from  the dem osponges Agelas dispar, A. 
clathrodes. H yattella  intestinalis, H ym eniacidon am philecta , and  Lissodendoryx  cf. 
strongylata  at depths o f  2 -2 0  m in the vicinity o f  C arrie Bow Cay, Belize, and from  the 
dem osponges N iphates amorpha  and Lissodendoryx colombiensis growing among mixed 
coral and sand at depths o f  3 -1 0  m in the vicinity o f  the STR I field  station in the San Bias 
Islands o f  Panam a. The specim ens described by Chace (1972) from  Virgin Gorda, British 
Virgin Islands, and tentatively assigned to S. bousfieldi (U SN M  136109), were also ex­
amined.

Types. Holotype (USNM  282773): adult male, 2.4 m m  carapace length; Paratypes 
(U SN M  282772): ovigerous female (figured, in part), 2.9 m m  carapace length; adult m ale 
(figured), 2.3 mm carapace length; and 61 males and juveniles, com prising the complete 
colony from  a  single specimen o f  the demosponge A gelas d ispar  from  3 m  depth, grow ­
ing under overhanging coral in the spur-and-groove zone o f  C arrie Bow Cay, Belize, 
collected 13 Decem ber 1990, J. E. Duffy, collector, station 90CBC-36. The type series is 
deposited in the N ational M useum  o f  Natural History, Sm ithsonian Institution, W ashing­
ton, D.C.

D escrip tion— A  sm all, smooth, compact alpheid, subcylindrica! in body form. R os­
trum  (Fig. 1) bluntly triangular, approximately equal in length to ocular hoods, falling 
w ell short o f  distal margin of first segment o f  antennular peduncle, ventral surface weakly 
convex but lacking orbitorostral process. Ocular hoods bluntly triangular, well separated 
from  rostrum .

P leuron o f  firs t abdom inal som ite o f  m ale (Fig. 1) w ith  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  o f  fem ale (Fig. 1) w ith ventral margins broadly rounded; pleuron 5 produced ventrally 
into blunt point. Telson (Fig. 1) broadly triangular; anterior w idth about 3.5 times poste­
rio r width; lateral margins nearly straight; dorsal surface bearing two pairs o f  rather weak 
spines, one pair situated slightly anterior, and the other posterior, to midlength o f  seg­
m ent, both pairs arising from  near lateral margins; posterior m argin arm ed with two pairs 
of spines, the m edial pair about tw ice length o f lateral pair; posterior margin between 
m edial spines bearing 2 pairs o f  dorsally directed sim ple setae and four posteriorly di­
rected plum ose setae.

Stylocerite (Fig. 1) o f  antennular peduncle convex laterally, w ith blunt tip, overreach­
ing rostrum  but falling somewhat short o f  midpoint o f  f irs t segm ent o f  antennular pe­
duncle. Segments o f  antennular 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, anterior region in dorsal view; b, anterior region in  lateral view; c, 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.

A n ten n al scale  (scap h o ce rite , F ig. 1) s lender, re a ch in g  to  b e tw een  p ro x im al an d  distal 
m a rg in  o f  th ird  seg m en t o f  an ten n u la r p ed u n cle , b la d e  c o m p le te ly  lack ing . B asa l an ten­
n a l s eg m e n t (basicerite) w ith  d o rsa l m arg in  u n a rm e d , fo rm in g  o b tu se  ang le; la te ra l spine 
s tou t, ex tend ing  app ro x im ate ly  to  d ista l m arg in  o f  sec o n d  seg m en t o f  a n ten n u lar peduncle, 
tw o-th irds to  th ree-fourths len g th  o f  scaphocerite . D is ta l seg m en t o f  ped u n cle  (carpocerite) 
ro u g h ly  5 tim es as  long  as  b ro ad , o v erreach in g  an te n n u la r p e d u n c le  b y  ap p ro x im ate ly  the 
leng th  o f  the  la tte r’s  th ird  segm ent.

M o u th p arts  as figured . M an d ib le  (F ig . 2 ) w ith  6  tee th  on  in c iso r p ro cess , m o la r process 
la rger th a n  incisor, p a lp  tw o -seg m en ted . Palp  o f  f irs t m a x illip ed  (F ig . 2) consisting  o f  tw o
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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 o f 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.

segm ents. T hird m axilliped (Fig. 2) s lightly  overreaching antennal peduncle, term inating 
in circlet o f  5 spines, exopod nearly reaching distal m argin o f  antepenultim ate segment.

M ajor first pereiopod (Fig. 3) overreaching antennal peduncle by length o f  chela; chela 
o f  m ales tending tow ard dim orphism  in size and developm ent o f  fingers: chela o f  m ost 
(“normal”) m ales (e.g., paratype, Fig. 3) subcylindrical, with palm  terminating dorsodistally 
in low, obscure bum p, not noticably curved along axis, approxim ately 3 tim es as long as 
broad, about equal in length to carapace, fingers 0.38 as long as palm, stout and not 
noticably com pressed laterally; chela o f  largest (“falcate”) m ales (Fig. 3) curved along 
axis perpendicular to plane o f  fingers, 2.9  tim es as long 'as broad, 1.08 tim es carapace 
length, fingers about 0.44 as long as palm , elongated and laterally compressed, dactyl 
som ew hat sickle-shaped (falcate), w ith hooklike tip; chela o f  females (Fig. 3) sim ilar to 
that o f  norm al m ales but som ew hat sm aller, 0.64 o f  carapace length; carpus o f  both males 
and females short and broad; m erus m ore than h a lf as long as palm , extensor m argin 
unarm ed distally. M inor first pereiopod (Fig. 4) overreaching antennal peduncle by length 
o f  chela; chela about 2.5 tim es as long as broad, palm  slightly  inflated, both fingers dis­
tinctly bidentate, extensor surface o f  dactyl (Fig. 4B) bearing two slightly separated, lon­
gitudinal row s o f  curved, dentate setae; carpus about h a lf  as long as chela; merus more 
than three tim es as long as wide.

Second pereiopod (Fig. 4) overreaching antennal peduncle by length o f  chela, fingers 
m ore than 1.5 tim es as long as palm , both fingers bearing dense groups o f  setae. Carpus 
roughly 1.5 tim es as long as chela, com posed o f  five articles with relative lengths about 
3 .5 :1 :1 :1:2, the proximal segm ent longest. M erus approxim ately equal in length to car­
pus and about 1.5 tim es as long as ischium .
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Figure 4. Synalpheus chacei, new species, paratype male, a, minor first pereiopod; b, same, detail 
of dactyl, extensor view; c, left second pereiopod.

Third to fifth pereiopods sim ilar in length and structure, relatively stout, biunguiculate; 
dactyl w ith  tooth on flexor m argin som ew hat divergent from curve o f  segm ent, subequal 
in length and basal w idth to terminal tooth. T hird pereiopod (Fig. 5) reaching approxi­
m ately to distal m argin o f  antennal peduncle; propodus slightly m ore than four tim es as 
long as dactyl, flexor m argin arm ed w ith 5 m ovable spines spaced evenly along its length 
as w ell as a  distal pair o f  m ovable spines, both flexor and extensor m argins bearing sev­
eral long setae; carpus about 0.6 as long as propodus, extensor m argin bearing well- 
developed distal lobe, flexor m argin w ith m ovable spine at distal end; merus unarmed, 
about 1.5 tim es as long as propodus; coxa bearing short, stout spine at distal com er o f  
flexor margin. Fourth pereiopod (Fig. 5) sim ilar to third but slightly shorter, extending to 
around m idpoint o f  carpocerite. Fifth pereiopod (Fig. 5) reaching approxim ately to ante­
rolateral m argin o f  carapace at antennal sinus; propodus som ew hat less than five times as 
long as wide, flexor m argin arm ed with pair o f  m ovable spines at distal m argin and six 
transverse rows o f  stout serrulate setae in distal h a lf  o f  segment; extensor m argin with 
several long setae; carpus unarm ed, about 0.7 as long as propodus; coxa lacking spine on 
d istal part o f  flexor margin.

M ale first pleopod (Fig. 1) with endopod about half o f  exopod length, bearing three 
setae distally and two setae on its lateral margin. M ale second pleopod (Fig. 1) with 
endopod subequal in size to exopod; appendix m asculina lacking; appendix interna aris­
ing at about 0.44 o f  endopod length, about 0.40 as long as endopod, w ith about five short 
curled setae (concinnuli).

U ropod lateral branch (Fig. 1) with a single fixed tooth along m argin proximal to m ov­
able spine, and a single tooth distal to m ovable spine; lacking transverse articulation. 
Eggs (Fig. 1) rather large, 0.86-0.91 mm long in clutch from paratype fem ale (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.— A s is typical in this genus, S. chacei exhibits sexual d im orphism  in the size 
o f  the m ajor chela, the fem ale’s being proportionally sm aller than those o f  m ature m ales 
(Fig. 3). M ore interestingly, there is a suggestion o f  dim orphism  in m ajor chela develop­
m ent am ong large m ales as well, with one to several o f  the larger males w ithin a colony 
bearing a hypertrophied chela, longer than those o f  “norm al” m ales in the sam e colony, 
and bearing proportionally  longer, sickle-shaped fingers (Fig. 3), fo r w hich reason 1 refer 
to these hypertrophied m ales as “ falcates” . It is unclear w hether the enlargem ent o f  the 
chela accom panies the m olt to m aturity, as there are otherwise no external m orphological 
characters that reliably indicate m ale m aturity in Synalpheus. In any case, there is no 
obvious difference betw een norm al and falcate m ales in carapace length or in the struc­
ture o f  the second pleopod.

S. chacei also exhibits variation am ong colonies, o r am ong geographically separated 
populations, in several other characters. One o f  the m ore obvious o f  these is developm ent 
o f  the protuberance on the distal m argin o f  the m ajor chela palm , w hich varies from  near 
absence to a  prom inent, low  bump in different populations.

C olor in life.— In life, S. chacei is a som ew hat nondescript shrim p. T he body is gener­
ally  translucent, som etim es with a faint gold tinge w here the cuticle is thickened, and a 
slightly darker brow n tinge to the distal palm  and fingers o f  the m ajor chela. The eggs are 
a pale grayish-green.

Size  (carapace length).— Ovigerous fem ales to 3.0 mm; m ales and juven iles to 2.4 
m m  (m ales and juven iles are no t clearly  distinguished by any external m orphological 
criteria).
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Habitat, Hosts, and Ecology.— Like m ost other m em bers o f  the gambarelloides species 
group (Dardeau, 1984; Duffy, 1992, 1996c), S. chacei has been found exclusively in asso­
ciation w ith living sponges. The type series was collected from  w ithin the internal canals 
o f  the dem osponge A. dispar, growing beneath overhanging ledges o f  the coral Agaricia  
tenuifolia  in the spur- and-groove zone o f  the re e f  a t C arrie Bow Cay, Belize, a t a  depth o f 
3 m. Other sponges from  w hich S. chacei has been collected in B elize include A. clathrodes 
(Agelasidae), H. intestinalis (Spongiidae), H. am philecta  (Hym eniacidonidae), and L. cf. 
strongylata  (Myxillidae). In the San Bias islands o f  Panam a, it has been found in N. 
amorpha  (Niphatidae) and L. colombiensis. A lthough these collections indicate a  rather 
w ide host range for S. chacei, local populations can be quite specialized; in the immediate 
vicinity o f  the STRI field  station in San B ias, for exam ple, S. chacei has been found only 
in  N. amorpha, despite the com m onness in this area o f  both o f  the A gelas  species used in 
Belize, and o f  L. colombiensis, which it uses in the M angles Channel area, som e kilom e­
ters distant from the STRI station.

The m ost common item  in stom achs o f  S. chacei w as am orphous flocculent m aterial, 
presum ably detritus, which w as found in all 10 individuals exam ined and com prised 68 
3.7%  (m ean ±  1 SE) o f  stom ach contents. The proportion o f  gut volum e occupied by 
other item s appeared to be underestim ated by point-counting due to the tendency o f  the 
flocculent material to spread out when com pressed. T he m ost frequent identifiable item 
in the guts was centric diatom  fragm ents (14.1 4.0% ), also found in all stom achs, fol­
lowed by m ineral grains (1.9 0.4%, 9 o f  10 stom achs). A ll other item s occupied <1%  o f  
gut volum e on average. Commonly found item s included crustacean parts (9 stomachs), 
host sponge spicules (7 stom achs), and eggs o f  unknow n origin (7 stom achs). These data 
suggest that S. chacei is rather omnivorous, feeding prim arily on phytoplankton and de­
tritus inhaled by the host sponge’s feeding current, bu t also to som e extent on sponge 
tissue and perhaps on other sm all animals.

Etym ology.— It is a  pleasure to nam e the new  species in honor o f  Dr. Fenner A. Chace, 
Jr., o f  the N ational M useum  o f  Natural History, in recognition o f  his m any contributions 
to the knowledge o f  caridean shrim ps, the consistently high standards he has set for taxo­
nom ic research on this group, and his personal encouragem ent in this work. Dr. Chace 
collected the series o f  specim ens from  V irgin G orda and recognized their possible dis­
tinction from the m orphologically sim ilar S. bousfield i (Chace, 1972) but, lacking ad­
equate comparative m aterial at the tim e, refrained from  describing them as new.

D iscussion

S. chacei is a m em ber o f  C outière’s (1909) gam barelloides (form erly “laevim anus”) 
group, characterized by a  brush o f  setae on the dactyl o f  the m inor firs t chela, and by the 
habit in m ost species o f  living exclusively w ithin the internal canals o f  living sponges. 
The new species appears m ost closely related  to S. bousfieldi C hace, 1972 and S. brooksi 
Coutière, 1909 in having a single tooth on the lateral m argin o f  the outer branch o f  the 
uropod, bidentate fingers o f  the m inor first chela, scaphocerite lacking a blade, and the 
dorsal spines o f  the telson arising from  very near its lateral margins. T he new species is in 
fact so  sim ilar to S. bousfieldi that the specim ens collected  from  V irgin Gorda w ere dis­
cussed by Chace (1972) in his description o f  S. bousfield i as possibly representing ju v e­
nile stages o f  the adults designated as types. This series o f  specim ens contains a  single 
fem ale (w ith 14 m ales and juveniles), and the specim ens bear an obscure bump on the
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distal m argin o f  the m ajor chela palm  and the characteristic pair o f  longitudinal setal 
combs on the m inor chela dactyl, all as in  the type series o f  S. chacei. With the benefit o f  
a  m uch larger series o f  specim ens than those available to Chace, it is now possible to 
conclude that S. chacei and S. bousfield i are  different. Probably the m ost reliable diagnos­
tic character o f  S. chacei is the setation o f  the dactyl o f  the m inor chela. T he characteristic 
feature o f  the gam barelloides group, including S. bousfieldi, is a th ick  setal brush on the 
m inor chela dactyl, com prised o f  num erous tranverse rows o f  closely spaced, curved se­
tae arising from  the dactyl’s extensor surface. In contrast, S. chacei is unique am ong the 
gam barelloides species that I have exam ined in that th is b rush  is reduced to two longitu­
dinal rows o f  setae (Fig. 4B). T he only other exception to this pattern am ong Caribbean 
species occurs in S. paraneptunus , w hich bears a sparse, poorly organized field  o f  setae 
on the dactyl, and whose placem ent in the gam barelloides group is doubtful. O ther fea­
tures distinguishing S. chacei from  S. bousfield i include the palm  o f  the m ajor chela, 
w hich term inates in a  distinctly produced tooth in the latter species, versus a barely dis­
tinguishable bum p in S. chacei, and the som ew hat m ore produced abdom inal p leura in 
m ales o f  S. chacei.

The m orphological characters distinguishing S. chacei from  sim ilar species are admit­
tedly quite subtle. Nevertheless, they are consistent both on a m icrospatial scale and among 
geographic regions. For example, S. chacei, S. brooksi, and S. bousfieldi can all be found 
w ithin a  few m eters o f  one another, inhabiting different sponge species on the outer ree f 
ridge at Carrie Bow Cay, where they display c lear differences in m orphology, body size, 
color, and social organization. Yet sam ples o f  S. chacei collected from  different host spe­
cies in Panama, Belize, and the V irgin Islands are sim ilar in body size and morphology, 
and alm ost invariably contain only a  single fem ale per sponge. Thus, w hile the identifica­
tion o f  these shrim p species poses practical problem s, there can be little  doubt that they 
are “good” , genetically distinct biological species, as has been shown for several cryptic 
species o f  the Synalpheus rathbunae com plex (Duffy, 1996c). The fact that such appar­
ently closely related  species m ay differ substantially in  social organization em phasizes 
the critical need  for accurate taxonom y in  unraveling their social evolution.

L ike the recently  described S. regalis (Duffy, 1996a,d), S. chacei exhibits a population 
structure that strongly suggests it is eusocial. The classical entom ological definition o f 
eusociality is based  on three criteria: (1) overlapping generations, (2) reproductive divi­
sion o f  labor, and (3) cooperative care o f  young (M ichener, 1958; W ilson, 1971). Like 
many o f  its congeners w ithin the gam barelloides group (Dobkin, 1965, 1969), S. chacei 
has direct development, i.e., eggs hatch  into benthic, crawling juveniles (J. E. Duffy, pers. 
observ.). M oreover, the colony o f  S. chacei inhabiting a given sponge frequently shows 
clearly distinct size classes o f  juveniles, suggesting that cohorts o f  new ly hatched indi­
viduals rem ain in the sponge w here they are born, and  that successive generations live 
together w ithin a  sponge. The criterion o f  “reproductive division o f  labor” is supported by 
the finding that, in  dissections o f  over 50 individual sponges from  Panam a (S. chacei was 
referred to as S. bousfieldi in Duffy, 1992) and Belize, the vast m ajority  o f  S. chacei 
colonies contained a  single reproducing fem ale, despite colony sizes som etim es exceed­
ing 80 individuals. Evaluating the third criterion— cooperative brood care— requires be­
havioral data. Observations o f  S. regalis show ed 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). 
P relim inary observations o f  S. chacei colonies in the lab similarly show greater aggres­
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sive activity in larger individuals than in sm aller ones (J. E. D uffy and K. S. Macdonald, 
unpubl. data). As the colony structures o f  these two species are similar, it seems likely 
that larger, non-breeding individuals perform  a sim ilar ro le  in colonies o f  S. chacei, and 
thus that this species can be considered eusocial.

The finding o f  eusociality in S. regalis and S. chacei m ay explain at last the puzzling 
phenom enon, described repeatedly by students o f  this genus, o f  collections comprising 
large num bers o f  apparently juvenile shrim ps w ith  few or no  ovigerous females. This 
situation has been reported for S. rathbunae from “dead sponges” on Puerto Rico (Coutière, 
1909), S. neptunus neptunus  and A neptunus germ anus  from unidentified sponges from 
Western A ustralia (B anner and Banner, 1975), S. paradoxus, whose specific nam e in fact 
reflects its highly skewed sex ratio, from  an un identified  sponge from  the R ed Sea (Ban­
ner and Banner, 1981), S. crosnieri from  unidentified sponges o ff  M adagascar (Banner 
and Banner, 1983), and S. dorae from  a sponge in the genus Reniera  from  northwest 
A ustralia (Bruce, 1988). Similarly, w hile 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 o f  the Caribbean species S. rathbunae (re­
ferred to as S. “rathbunae B " in Duffy, 1996c) and S. filid ig itus. In both o f  the latter 
species, as in S. regalis, each colony contains only one (in S. filid ig itu s)  or a  few (in S. 
rathbunae) breeding fem ales (J. E. Duffy, unpub. observ.). Interestingly, m ost o r all o f  the 
species discussed above, like S. regalis, are rather sm all shrim ps w ith  characteristics remi­
niscent o f  the juvenile form s o f  larger, free-living congeners. For exam ple, w ith  the ex­
ception o f  S. neptunus and  S. crosnieri, all o f  these species have the carpus o f  the second 
cheliped com posed o f  four segments in adults, as it is in young juveniles o f  m any other 
Synalpheus species, m ost o f  which have five segm ents as adults. Similarly, the transverse 
suture on the lateral branch o f  the uropod is poorly developed or absent in m ost o f  the 
sm all, social Synalpheus species. In light o f  these data from  the better studied Caribbean 
species, it seems likely that several previous records o f  dense juven ile  aggregations in 
Synalpheus represent incom plete collections o f  the colonies o f  eusocial forms, and thus 
that eusociality m ay occur am ong sponge-dw elling snapping shrim ps throughout the 
w orld’s tropical oceans.

An especially intriguing characteristic o f  S. chacei is the tendency toward dim orphism  
in the m ajor chela (or fighting claw, Fig. 3), w hich is used prim arily in territorial contests 
and defense am ong alpheids (Hazlett and W inn, 1962; Schein, 1975, 1977;H ughes, 1996; 
Duffy, 1996a). Exam ination o f  several colonies from  Caribbean Panam a initially sug­
gested that larger m ales displayed one or the other o f  two, relatively discrete chela mor­
phs (Fig. 3): “falcates”  possess a  relatively large, curved chela w ith long fingers and a 
sickle-shaped dactyl, w hereas non-falcates o f  the sam e or sim ilar size possess a smaller, 
straighter chela w ith stout fingers (Fig 3). Such variation in chela developm ent o f  mature 
m ales is not uncom m on am ong crustaceans, occurring in several am phipods (Lowry and 
Stoddart, 1983;Conlan, 1989,1990), tanaids (Müller, 1869; Gardiner, 1975), and caridean 
shrim ps (R a’anan and Sagi, 1985). M ale dim orphism  is also known in many insects (e.g., 
Ham ilton, 1979). Behavioral studies o f  several crustacean and insect species have shown 
that the different m ale m orphs have alternative m ating strategies, w ith  the largest or m ost 
heavily arm ed males being “fighters” and the smaller, weaker ones being “ sneakers” 
(Alcock, 1979; R a’anan and Sagi, 1985, Shuster, 1989).
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In social insects, such allom etric divergence in m orphology generally serves another 
purpose, resulting in subcastes o f  workers that are specialized in both  structure and b e­
havior for certain tasks (W ilson, 1971; O ster and W ilson, 1978; Itô, 1989; Crespi, 1992). 
W hether the m orphological differentiation o f  falcates in S. chacei represents a behavioral 
specialization for nest defense, an adaptation for m ate com petition, o r som e other, un­
known function, will rem ain a  m ystery pending further behavioral studies.
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ECOLOGY AND FATE OF BUTTERFLYFISHES, CHAETODON SPP., 
IN THE TEMPERATE, WESTERN NORTH ATLANTIC 

Richard S. McBride and Kenneth W.Able 

A B STR A C T
Three o f  seven Chaetodon species in the western N orth Atlantic are reported from 

temperate waters, quite unlike m ost other chaetodontids which are only found at tropical 
and subtropical latitudes. This study describes the ecology o f  these species at temperate 
latitudes and tests the hypothesis that these individuals are  expatriates that die from hypo- 
thermal conditions a t the onset o f winter. We collected fish  with dip nets and bottom traps 
during 4 yrs, 1990-1993,inaN ew  Jersey estuary. The most abundant species, C. ocellatus, 
arrived as pelagic juveniles (or tholichthys stage) as early as July and at sizes o f  17-22 
m m  total length. It settled as small as 18 nun, grew about 0 .1-0 .2  m m  d"1, and reached a 
maximum size o f  77 mm (n =  388). All sizes appeared to be young-of-the-year fish, 
based on modal progression o f lengths from July to November. Eighteen o f  52 (35%) 
marked C. ocellatus were recaptured, generally within 10 m o f 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 
w inter months. In the laboratory, C. ocellatus stopped feeding at about 12°C and did not 
survive temperatures of about I0°C or less. Chaetodon capistratus was present in 3 o f  4 
yrs, but the total number collected (n = 28) precluded detailed examination. Despite ear­
lier reports o f C. striatus in this region, we did not observe this species. Overall, Chaetodon 
species in our study area were much m ore 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 o f  em igrating during autumn nor surviving 
the ambient winter temperatures, so they become expatriates that will not survive through 
their first winter.

Larval dispersal is view ed by som e as adaptive (Barlow, 1981) and is considered to be 
an im portant process in structuring reef-fish  com m unities (Sale, 1978) and determ ining 
patterns in recruitm ent (Cowen, 1985). However, not all eggs and larvae w ill end up in 
habitats suitable for survival (Sinclair, 1988). The G ulf S tream , together with cross-shelf 
transport m echanism s, assists in transporting larvae o f  m any species from tropical and 
subtropical regions to tem perate and boreal regions (M arkle et al., 1980; W roblewski and 
Cheney, 1984; Cowen et al., 1993; H are and Cowen, 1996). A lthough this particular phe­
nom enon o f  larval transport is w idely known, particularly  am ong aquarists who collect 
along tem perate coastlines o f  the M id-A tlantic states (Burgess, 1978; Allen, 1979), there 
are few  details regarding the presence, ecology, and fate o f  this transient assemblage.

Butterflyfishes (C haetodontidae) are one com ponent o f  this assem blage, whose adults 
are tropically distributed but whose juvenile stages occur seasonally in tem perate waters 
(e.g., N ichols and Breder, 1926; H ildebrand and Schroeder, 1928). In the western A tlan­
tic, Burgess (1978) reports the northernm ost distributions o f  adult chaetodontids as the 
Antilles {Chaetodon guyanensis), F lorida (C. aculeatus), and  N orth  Carolina or Berm uda 
(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; M cB ride, unpubl. ms.), w hile juvenile foureye butterflyfish, C. 
capistratus, and banded butterflyfish, C. striatus, have been collected as far north as
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