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Fig. 4. Antennal flagellar setae of Rimapenaeus similis. A, B: Arrangement of arched plumose setae on the antennnal articles.
C: Pappose seta. D. Long simple seta (arrow) along side of plumose setae. E. Distal end of long simple seta. F. Short simple
seta. G. Distal end of short simple seta. Scale bar in A is 110 µm in A and B, 11 µm in C, 25 µm in D, 7 µm in E, 11 µm in
F, and 4 µm in G.

breeding females (Table 1). Thus, breeding females of
R. similis, in spite of a larger body size, had fewer
antennal setae of all types than the similarly-sized males
and juvenile females.

Discussion

In the species examined, males do not have unique
setal types on the second antennae (antennal) flagella,
i.e., no “male-specific” sensilla such as those found on
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Table 1. Comparison of abundance (medians with 95% confidence limits in parentheses) of different setal types among males,
breeding females, and juvenile females in Rimapenaeus similis. The probability of no difference in medians between males
and breeding females is given with the male data, and between breeding females and juvenile females with the juvenile female
data (significant difference indicated with an asterisk). Level of significance (comparison of breeding female data with two
groups) is adjusted to 0.025 to account for multiple testing

Setal type

Plumose Pappose Long simple Short simple

Male 60 (60, 60) 
(P <0.001)*

10 (9, 11)
(P = 0.005)*

8 (7,9)
(P = 0.027)

13 (11, 15)
(P = 0.001)*

Breeding female 60 (59, 60) 7 (7, 9) 7 (6, 8) 10 (8, 11)
Juvenile female 60 (60, 60) 

(P = 0.022)*
10 (9, 11)
(P = 0. 002)*

10 (9, 12)
(P <0.001)*

14 (13, 15)
(P <0.001)*

the first antennae (antennules) of some peracarids
(Johansson et al., 1996; Hallberg et al., 1997). However,
in the palaemonid carideans P. pugio and M. ohione,
there is a fairly strong sexual dimorphism in the number
of antennal flagellar setae. Antennal setae were signi-
ficantly more numerous in males. At least in P. pugio,
this was simply not an inverse size effect of smaller
individuals (males) having more setae than larger indi-
viduals (breeding females). Like the breeding females,
juvenile females, with similar body size as males, had
significantly fewer flagellar setae than males. Both P.
pugio and M. ohione had similar types of setae, simple
and denticulate, both of which apparently terminate with
a pore open to the outside environment.

The hippolytid caridean T. manningi has a complex
sexual system with primary (pure) males (PMs) and
protandric sex-changers which first go through a male
phase (MP) before changing to females (female-phase
hermaphrodites = FP, Bauer, 1986). Sexual dimorphism
does occur in the third pereopods (first walking legs),
which are prehensile in PMs but not in MPs and FPs. In
addition, PMs have significantly larger male pleopod
appendices than MPs. However, there was no sexual
dimorphism in antennal setae between PMs and FPs.
Antennal setae counts were slightly but significantly
higher in FPs compared to those of MPs, contrary to a
hypothesis that higher numbers of antennal setae are a
male sensory adaptation for detection of females by
contact chemoreception. In the alpheid caridean A. nor-
manni, antennal setal counts were not different between
males and females. In T. manningi and A. normanni,
which are from closely related families (Bauer, 2004),
the antennal flagellum had a single morphological type
of seta, a simple seta with a terminal spur and pore.

The distribution of setae on the second antennae of
the benthic penaeid (dendrobranchiate) R. similis is
similar to those described in some pelagic dendro-
branchiate shrimps (Foxton, 1969; Ball and Cowan,
1977). In the dendrobranchiates, a greater diversity of

setae occurs than in the carideans examined in this
study, and numerically the setation is dominated by
plumose setae not observed in the caridean species.
These setae, usually two per article, arch distally,
forming a space (tunnel) in which the pappose setae
occurs. The structure and position of the plumose and
pappose seta indicate that they are similar (homologous)
to the “type 1” and “type 2” setae described in Foxton
(1969) and Ball and Cowan (1977) for pelagic dendro-
branchiate shrimps. In those species, the arched plumose
setae, which are not innervated (Ball and Cowan, 1977),
form a tunnel into which type 2 mechanoreceptors
extend. This is a sensory system is sensitive to water-
borne vibrations in species studied (Denton and Gray,
1985) and may serve a similar function in R. similis. The
short and long simple setae appear to bear pores at their
tip. Similar setae (“type 3”) in the sergestid Acetes
sibogae show innervation indicative of a chemo-
receptive function (Ball and Cowan, 1977).

In R. similis, the smaller-sized males did have a
significantly greater total number of setae than the larger
breeding females. However, juvenile females, similar in
size as males, also had a greater number of setae than
breeding females. This may simply indicate a general
inverse relationship between antennal setae and size in
this species and not a sexually dimorphic feature
associated with male recognition of breeding females.

In P. pugio, males perceive postmolt parturial
(receptive) females only upon contact with the antennal
flagella, which is facilitated by the high mobility of
individuals of this species and their high density in
aggregations (Bauer and Abdalla, 2001). Males do not
guard females before their parturial molt. This mating
system, with a scramble competition among males for
postmolt parturial females, is termed “pure searching”
(Wickler and Seibt, 1981). The related M. ohione, with
similar socioecological characteristics and sexual
dimorphism in body size (small males, larger females),
appears to have a similar mating system. A greater
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number of possible chemoreceptive sensilla on the male
antennal flagella might facilitate perception of a contact
pheromone on the surface of postmolt parturial females.
In contrast, males and females of snapping shrimps such
as A. normanni live in pairs (extended mate guarding,
Bauer, 2004). Males might not need chemoreceptive
capabilities enhanced by greater numbers of antennal
sensilla to detect the female living right next to it.

However, although the male mating tactics of the
other species investigated in this report, T. manningi and
R. similis, have not been described, their sexual dimor-
phism in size and occurrence in high density aggre-
gations appears similar to that of P. pugio and M.
ohione. It is quite likely that male morphs of T.
manningi and males of R. similis have pure searching
mating systems. However, they show no sexual
dimorphism in antennal setae number.

In all species examined, there were antennal flagellar
setae whose microstructure suggests a contact chemo-
receptive (taste) function. These are the setae (sensilla)
with terminal or subterminal pores, a characteristic often
associated with chemoreceptive capacity in crustacaeans
(Derby, 1989). In the absence of a thin-walled, spongy
(= permeable) cuticle, such as that of the olfactory
aesthetascs of the antennules (Hallberg et al., 1997), a
terminal pore may allow potentially stimulating mole-
cules to enter inside the setal shaft where chemosensory
neurons may occur. Innervation of setae indicates a
sensory function, and ultrastructure of innervating
neurons can distinguish between chemoreceptive and
mechanoreceptive function (e.g., Ball and Cowan, 1977;
Derby, 1989). Such ultrastructural studies need to be
done on the antennal setae of the species studied.
However, the contact chemoreceptive function of pos-
sible sensilla must be verified by electrophysiological
studies. The lack of clear sexual dimorphism in antennal
flagellar setae across species studied indicates that male
capabilities to detect female contact pheromones in
decapod shrimps will be found in the ultrastructure and
physiology of setal neurons or at higher neurological
levels.
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