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ABSTRACT: Spennatophore transfer in the beetle Pseudoxychila tarsa/i.s occurred in a-iso- 
ciation with one of the four movements of the body and aedeagus that males performed dur- 
ing copulation. Some copulations did not result in spermatophore transfer, and females ejected 
some of the spermatophores they received. This suggests females may be capable of exert- 
ing cryptic female choice. Data on spermatophore transfer do not fit with a previous hypoth- 
esis regarding the "phases" of P. tarsalis copulation. 

Matings of tiger beetles (Coleoptera: Cicindelidae) have been described as con- 
sisting of three phases: an initial intromission in which the flagellum (a sclerite of 
the male aedeagus) prepares the duct of the female spermatheca for sperm transfer, 
followed by retraction of the aedeagus, and another intromission in which semen 
transfer occurs, usually in a spermatophore (Freitag et al., 1980). This was based on 
three kinds of evidence: that the flagellum of tiger beetles does not connect with the 
ejaculatory pore, that the shape of the flagellum matches that of the spermathecal 
duct, and three behavioral phases of mating described for Pseudoxychila tarsalis 
Bates (Palmer, 1976) and five Cicindela species (Freitag et al., 1980). 

Palmer's (1976) description of the mating behavior of P. tarsalis was incomplete 
(Rodriguez, 1998). Instead of three phases, copulations had 1-20 intromissions in 
which the male performed up to four different movements with his body and aedea- 
gus: prying, thrusts, small thrusts, and pulling. Prying lasted several seconds and 
consisted of a deep penetration of the aedeagus into the female and a change in its 
inclination; thrusts were short pushes of the aedeagus into the female; small thrusts 
were vibrations at the base of the aedeagus; and in pulling the male partially retracted 
the aedeagus. Between intromissions, the male courted the female by rubbing her 
body with his middle legs. There was geographic variation in P. tarsalis male cop- 
ulatory behavior, and stronger differences in comparison to P. bipustulata, suggest- 
ing sexual selection on male courtship behavior. The female often struggled before 
and during copulation, and sometimes ejected one or two spermatophores during or 
after copulation. 

The present paper analyzes the copulatory movements of P. tarsalis males in re- 
lation to spermatophore transfer, presenting observations on spermatophore ejection, 
the organization of sperm within the spermatheca, and measurements of the male fla- 
gellum and the female spermathecal duct. The data of spermatophore transfer and 
ejection suggest female P. tarsalis may be capable of cryptic female choice, in ac- 
cordance with the hypothesis that male copulatory courtship behavior evolves by 
sexual selection (Eberhard, 1994, 1996). 
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Table 1 Sperm content of spermatophore? found inside females and of ejected spermatophores 

Spermatopbores Ejected 
~ n s ~ d e  females \permatnphnre, 

- - - 

Spermatophore empty or w~th  a few individual qpernl 21 I 

Spermatophore less than half full 2 0 

Sper~natophore full of sperm 3 7 

G = 13.51, calculated adding 1 to all categories, df = 2, P c 0.005. 

The sperm content of spermatophores ejected by females or found inside females 
frozen two hours after capture in the field was examined under the microscope by 
crushing on a slide in saline solution. 

To study spermatophore transfer and ejection, the following groups of females 
were dissected in 70% ethanol to examine the spermatophores inside them: 

1) females frozen at -5OC in a refrigerator two hours after capture in the field (n 
= 20); 2) females allowed one complete mating the day of capture, observed for 30 
min after mating to check for spermatophore ejection, and then frozen (n = 6); 3) fe- 
males allowed four complete matings during 4-5 days, observed for 30 minutes af- 
ter each mating, and frozen after the fourth mating (n = 10). 

To study the relationship between male copulatory movements and spermatophore 
transfer, 29 females were isolated for five days. Each was then allowed a single in- 
tromission with a male, and it was noted whether the male dismounted or attempted 
another intromission (and the couple was separated). The females were frozen after 
the intromission and dissected. Four control females were isolated for five days and 
dissected. 

The organization of sperm within the spermatheca was observed in preparations 
under a compound microscope with Nomarski interference contrast optics. 

Averages are given * the standard error (SE). Except where otherwise indicated, 
two-tailed Mann-Whitney U tests were used. Voucher specimens were deposited at 
the Museo de Insectos of the Universidad de Costa Rica, and at INBio (Instituto Na- 
cional de Biodiversidad, Santo Doming0 de Heredia, Costa Rica). 

Results 

SPERMATOPHORE TRANSFER AND EJECTION: Sperm content in spermatophores found 
inside females from the field was lower than in spermatophores ejected by females 
after copulation (Table 1). This suggests spermatophores ejected by females after 
copulation had been transfemed by the last male to copulate. 

Of 20 females frozen two hours after capture, only 2 had "newly transferred" sper- 
matophores (one each), and the rest had 1-7 "old" spermatophores. When only one 
spermatophore was present (9 of 20 females), its neck was inside the spermathecal 
duct, and its body rested on the sclerite associated with the duct (Fig. 2). When more 
than one spermatophore was present (1 1 of 20 females), they were clumped on the 
sclerite associated with the duct, and none or only one had its neck in the sper- 
mathecal duct. 

Of 6 females allowed one complete mating, only 2 got "new" spermatophores (1 
received 1 spermatophore which she ejected, the other received 2 and ejected 1). The 
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Table 2. Sperrnatophore transfer and male copulatory movements in single intromissions. Prying oc- 
curred in significant association with spermatophorc transfer (P = (2/29)2 = 0.0048). 

Occurrence of 

Prying Thrusts Small thru\l \  Pulling 

Spennatophcircs in female'- Yes No Yes N o  Yes No YCI No 

New (1)  

Old (1-4) 

None 

and 2 "old" ones). The rest had 1-4 "old" spermatophores (n = 18) or none at all 
(n = 9). 

The two intromissions that resulted in sperrnatophore transfer were the only ones 
in which the male performed the prying movement (Table 2). They were also the 
only intromissions after which the male did not attempt another intromission, but 
dismounted, and they lasted 258 and 158 s, significantly longer than the other intro- 
missions (86 Â 7 s, P = 0.028). Intromissions and copulations in which prying oc- 
curred were also significantly longer in a sample of 153 complete matings, and the 
male movement of rubbing the female occurred more frequently than expected dur- 
ing copulations in which prying occurred (Rodriguez, 1998). Thus, spermatophore 
transfer seemed to occur in association with prying. But a female that mated for at 
least 59 min, with at least 15 intromissions in at least one of which prying occurred, 
had no sperrnatophores inside. 

MEASUREMENTS OF MALES AND FEMALES: The body and genital measurements of 
males, and the difference between the male and female measurements of pairs, were 
compared between single intromissions that transferred spermatophores (n = 2) or 
failed to do so (n  = 27). They were also compared between complete matings (n = 

43) that did or did not include prying and rubbing, and between complete matings 
in which females did or did not eject spermatophores. There were no significant dif- 
ferences in any of these comparisons (in all cases P > 0.30). 

Male body and genital measurements were not significantly correlated with the 
length of complete copulations, nor with the proportion of intromissions per copu- 
lation in which prying or rubbing occurred (in all cases, r < 0.30, n = 43, P > 0.05). 
There were also no such correlations with the difference in the measurements of the 
male and female of each pair (in all cases, r < 0.31, n = 43, P > 0. 10). 

FLAGELLUM AND SPERMATHECAL DUCT: The tip of the flagellum has a deep groove 
which joins basally with a blind, inner tube (Fig. 3). The measurements taken (Table 
3) suggest it could penetrate the spermathecal duct (Fig. 2). The maximum length of 
the flagellum that might penetrate was 0.75-0.83 rnm. (Fig. 3), about half the length 
of the spem~athecal duct (Fig. 2, asterisk). 

ORGANIZATION OF SPERM WITHIN THE SPERMATHECA: Sperm appeared to be highly 
organized within the spermatheca (Fig. 4). The walls of the spermatheca have folds 
which suggest it could expand longitudinally (Fig. 4A, B). But the length of sper- 
mathecae that looked very folded (0.77-1.11 rnrn, n = 7) was not significantly dif- 
ferent from spermathecae that appeared distended (0.97, 1.13 mm, n = 2, P = 0.66). 
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copulations involved 1-20 intromissions, and prying might occur in any of them. 
Also, spermatophores were occasionally transferred during a single intromission, or 
not at all. These differences are probably not due solely to geographic variation be- 
tween the site of the present study and Palmer's. In a study on the mating behavior 
of P. tarsalis that included a site very near Palmer's (Rodriguez, 1998), all matings 
conformed to the basic pattern described here. 

There was a high failure rate in spermatophore transfer. Only 2 of 29 single in- 
tromissions resulted in spermatophore transfer. Even with several intromissions in 
complete copulations, it is estimated that 20-67% of copulations, or at least 33% of 
the intromissions of those copulations, failed to transfer spermatophores. Successful 
single copulations transferred 1-2 spermatophores, but females ejected at least 
37-67% of the spermatophores they received. Thus, a P. tarsalis female could re- 
duce the likelihood that a given male would inseminate her and fertilize her eggs in 
at least six contexts: 1) prevent copulation (Rodriguez, 1998); 2) prevent complete 
intromission (Rodriguez, 1998); 3) interrupt copulation prematurely; 4) remate; fe- 
males mated up to twice in a single day, and up to four times in several days; the 
presence of up to seven spermatophores inside recently captured females suggests 
they may copulate frequently in the field; 5) prevent sperm transfer; some copula- 
tions did not result in spermatophore transfer, which might be because the female 
prevented it, or because the male failed in the attempt; 6) eject spermatophore pre- 
maturely. All but the first context correspond to mechanisms of cryptic female choice 
(Eberhard, 1996). Other possibilities, such as to manipulate the sperm of different 
males, or vary physiological responses to seminal products of different males (Eber- 
hard and Cordero, 1995; Eberhard, 1996) were not analyzed. But the highly orga- 
nized arrangement of sperm within the spermatheca suggests there may be further 
ways in which sperm of different males may have differential success in fertilizing 
the female's eggs. 

One likely function of male courtship performed during copulation, as occurs in 
P. tarsalis (Rodriguez, 1998), is to affect female cryptic choice (Eberhard, 1994, 
1996). The association between the male copulatory courtship movement (rubbing) 
and the genitalic movement associated with spermatophore transfer (prying) (Ro- 
driguez, 1998) suggests that male P. tarsalis may try to induce females to, at the very 
least of possible contexts, allow the transfer of spermatophores, or not to eject them. 
Although P. tarsalis females frequently struggled before and during copulation, and 
some males could not even catch them or remain mounted on them, there was no ev- 
idence that P. tarsalis females favored spermatophores from "strong" males (e.g. 
Pearson, 1988), since there were no significant differences in the body-size mea- 
surements of males in relation to spermatophore transfer, copulation length, or the 
frequency of the genitalic movement associated with spermatophore transfer. 

The measurements of the flagellum and the lumen of the spermathecal duct of P. 
tarsalis show that the flagellum may penetrate deeply into the duct, as in the tiger 
beetle Cicindela tranquebarica (Schincariol and Freitag, 1986) and "prepare" it for 
sperm transfer. Alternatively, the flagellum might guide the formation of the neck of 
the spermatophore into the duct of the spermatheca. The groove in the flagellum 
might serve this purpose, but it could also simply be an "economical" form to con- 
struct the flagellum (i.e. no material wasted on filling the inside, B. Huber, pers. 
comm.). 



VOLUME 72, ISSUE 1 

Acknowledgments 

This paper is part of a Masters' thesis presented at the Escuela de Biologia of the 
Universidad de Costa Rica. I am grateful to William G. Eberhard for his patient guid- 
ance, access to his lab, comments on the manuscript, and photographs of spermathe- 
cae. Andrea Bernecker prepared sections of the flagellum, and made preliminary 
drawings and models. Paul Hanson, Daniel Briceiio, and Bemhard Huber com- 
mented on the manuscript. Richard Freitag kindly identified the beetles, answered 
my questions and commented on the manuscript. Gerlinde Hobel provided valuable 
assistance in the field. Jorge Arturo Lizano and Robert Alpizar gave permission to 
collect at La Fonda. My wife and family provided financial support. 

Literature Cited 
Eberhard, W. G. 1996. Female control: Sexual selection and cryptic female choice. Princeton University 

Press, Princeton. 501 pp. 
Eberhard, W. G.,  and C. Cordero. 1995. Sexual selection by cryptic female choice on male seminal prod- 

ucts-a new bridge between sexual selection and reproductive physiology. TREE 10:493-496. 
Frcitag, R., J. E. Olynyk, and B. Barnes. 1980. Mating behaviour and genitalic counterparts in tiger bcc- 

ties (Carabidac: Cicindelinae). Int. J .  Invertebr. Reprod. 2: 13 1-1 35. 
Palmer, M. K. 1976. Natural history and behaviour of Pseudoxychila tarsalis Bates. Cicindela 8:61-92. 
Pearson, D. L. 1988. Biology of tiger beetles. Ann. Rev. Entomol. 33: 123-147. 
Rodriguez S., R. L. 1998. Mating behavior of two Pseudoxychila beetles (Coleoptera: Cicindelidae). 

Can. Ent. 130:735-750. 
Schincariol, L. A., and R. Freitag. 1986. Copulatory locus. structure and function of the flagellum of Ci- 

cindela trunqueharica Herbst (Colcoptera: Cicindclidae). Int. J. Invcrtebr. Rcprod. 9:333-338. 


