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Abstract The Canadian Entomologist 130 775  - 750 (1998) 

Copulations of Pseudoxychila tursalis Bates and Pseudoxvchila bipustuluta Latreille 
consisted of 1-20 intromissions. The male performed four different genitalic move- 
ments: prying, thrusts, small thru'ils. and pulls. The male also courted the female 
during copulation by rubbing her with his middle legs. The observed male behavior 
does not fit previous hypotheses concerning the phases of copulation in tiger bee- 
tles. The female sometimes ejected 1 or 2 spermatophores during or after copula- 
tion. There were geographic differences in quantitative aspects of P. tarsalis male 
copulatory behavior, and more pronounced differences between P. tarsalis and 
P. bipustulata. This variation could result from sexual selection by cryptic female 
choice on male copulatory behavior. 

- 

Rodri'guez S., R.L. 1998. Comportcment d'accouplement chez deux espkces de Pse;~(/o~\chila 
(Coleoptera : Cicindelidae). The Cunadiun Entomologist 130 : 735-750. 

Chez FJ.\cudoxychila tarsalis Bates et P. t~ipustulata Latreille, l'accouplement se fait 
par 1-20 intromissions. Le male fait quatre mouvements differents avec ses genita- 
lia: exploration, pousskes, petites pousskes et retraits. Pendant l'accouplement. Ie 
mile courtise la femelle en la frottant de ses pattes mkdianes. Ce comportement 
chez des males ne correspond pas aux hypotheses deja avancees sur les phases de 
l'accouplement des cicindeles. La femelle projette parfois un ou deux spermatopho- 
res pendant ou apres l'accouplement. I1 existe des differences gkographiques dans 
les aspects quantitatifs du comportement de copulation chez les males de P. tar.~alis 
et des differences encore plus importantes entre les comportements de copulation 
des males de P. tarsal~s et de P. hipustulata. I1 est possible que cette variation re- 
suite d'une selection sexuelle affectant Ie comportement des males en reaction i des 
choix non apparents des femelles. 

[Traduit par la Redaction] 

Introduction 

Male courtship during copulation is very common in insects and spiders 
(Eberhard 1991, 1994, 1996). It probably functions to affect cryptic female choice, 
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which occurs after copulation has begun by processes inside the female that affect the 
chances that the male's sperm will be used to fertilize her eggs (Thornhill 1983; 
Eberhard 1991, 1994, 1996). This hypothesis places male copulatory courtship under 
sexual selection and predicts it should often differ between closely related species 
(Eberhard 1991, 1994, 1996). This prediction has been met in all 27 genera for which 
data are available (Simpson 1975; Cowan 1986; Eberharcl 1992, 1993~.  1993b, 1994, 
1996; Lachmann 1997: Rodriguez 1994: Rodriguez S. and Eberhard 1994; Fielding and 
Knisley 1995; Rodriguez S. 2). Intraspecific variation in male copulatory courtship has 
been studied less often, but has been observed in 10 of 11 species studied (Jaenson 
1979; Cowan 1986; Wcislo et al. 1992; Huber 1993; Eberhard 1994; Fielding and 
Knisley 1995; Wcislo and Buchmann 1995; Hunter et al. 1996). Male courtship per- 
formed after copulation has been shown to indirectly affect sperm storage and usage by 
the female in the fly Dryomyza anilis Fall (Otronen and Siva-Jothy 1991; Otronen 
1997). 

This paper records the first systematic attempt to correlate intraspecific differ- 
ences in male copulatory behavior with geographic distribution. It documents 
intraspecific and interspecific variation in the male copulatory behavior of the tiger bee- 
tles Pseudoxychila tr~r.salis Bates and Pseudoxychila bipustulata Latreille (Coleoptera: 
Cicindelidae). Pseiidoxychila tarsalis is found in Costa Rica, Panama, and possibly 
Honduras, and P. bipustulata occurs in South America but not Panama (Anonymous 
1996). Several aspects of the natural history of P. tarsalis were studied in San Vito, 
Puntarenas, Costa Rica, by Palmer (1976~1, 1976b, 1982). Palmer (1976~) described 
three phases in matings by l? tarsalis: (1) aedeagus insertion, of about 1 min; 
( 2 )  aedeagus retraction, of about 30 s; and (3) reinsertion and sperm transfer, of about 
2 min, during which there is "leg twitching and body shaking" by the male and the 
aedeagus is thrust deeply into the female. Phases 1 and 2 may be repeated several times 
before phase 3. 

Materials and Methods 

Pseudoxychila tursalis was collected in Costa Rica and Panama and P. bipustulata 
in Colombia (Fig. 1). Las Alluras de Coton, Costa Rica, is near San Vito de Java, 
Palmer's (1976~) study site. The beetles were kept at room temperature, each in a black 
plastic vial about 3 cm high and 2 cm wide. The vials contained leaves or wet napkins 
that provided hiding places. Beetles that spent several days in captivity were fed prey 
such as med flies (Ceratitis capitata Wiedemann Tephritidae) and termites or pieces of 
canned meat (Spam). 

Matings were observed under natural or fluorescent light. Couples were placed in 
round metal or plastic dishes approximately 15 cm wide and 3 cm high. One hundred 
and fifty-three matings by P. tarsalis were recorded (15 with an Omnipro video camera 
with +6 closeup lenses, and 138 with verbal descriptions dictated into a tape recorder). 
Each copulation of beetles from Monteverde, San Ram6n. and Las Alturas involved dif- 
ferent individuals, but several copulations of the same individuals were observed with 
beetles from Moravia (61 copulations of 22 pairs). El Calvario (31 copulations of 25 
pairs), and Fortuna (26 copulations of 9 pairs). Thirty-four matings by P. bipustulata 
were recorded (6 on video and 28 with verbal descriptions), all with different individu- 
als. After each of 136 malings by P. tarsalis the male was removed from the dish and 
the female observed for 30 min to check for spermatophore ejection. Spermatophore 
ejection was also checked for in 28 matings by P. hipustulata. 

R.L Rodriguez S .  Mating behavior in two 0:ophora bugs (Heteroptera Lygaeidae). In preparatiun 



Coaa Rica 

Panama 

Monteverde 
San RamAn 

-7 Colombia L +--, 
,' 
\ 

'1 

( 

f 
[-- -29 ^ 
f7/ / 
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Â¥^vertig are riven Â the stmdard error (+ TTciss otheiwisc indicated two-tailed 
l i i i n q  / i s  -its were used. The it-ijn~~nii.i! K inlerronl technique (Rue  1 '-bCj, 

was iie-J so <i\ oid ipurious significance N hcn si-vci , t i  siiitistical tests were ni.ii.i- vi i i l i  
the s ~ i i i ~  (Lm. Â¥ie Voucher specimens have been dopi0 iii'd at the Museu dc h r e t . ! ~  )' 
the I imcisuLid dc Costa Rica and Institute N i i ~ ~ 6 n i ~ i  li. Biodiversidad (INHioj h i i u  

Dorningu dc Hcicdi.~, Costa Rica. 

Results 

Mating Behavior of P. tarsalis. When placed in the dishes, the beetles walked rapidly 
and tried to es~dpe Only once did a beetk (1; out os" the dish. They calmed down i i f i e t  

a lew minute\  t-spe~ially if there was i i ~ i  ohvct that provided a hiding pixc.  hki 6 6  

folded p1et.c of p,iper or leaf, and then vi.iiLd s1owl-i. or remained still until anorkt : 
beetle ~k alkt4 ne<irh\ Same-sex encounters writ- brici' When two female --, nset thev 

one other. Sometimes a n u k  u i ihhrd  ..mother by the thou' 'A ith his 
mandihl$--. and ~pp~rent ly  attempted to copuiiih i i i ~  (ither male kicked and h n e d  on 
his side or back and they separated after a few seconds. 

When a male encountered a female he attempted to mount her and grab her thorax 
with his mandibles without any prior courtship The female often ran away and the 



THECANADIAN ENTOMOLOGIST NovemberIDecember 1998 

TABLE 1. Comparison of the mating behavior of Pseudoxychila tarsali.\ 
and P~eudoxychila bipustuiata 

No. of 
intromissions 

per copulation 

1 

2 
3 
4 

5 

6 o r  more 

No. of copulations 

NOTF The number of intromissions per copulation was hignifieanlly different he 
tween P. fur.siili.\ and P. bipu\~ulai i~ (G2 = 29.56. df = 5 ,  p < 0.001 ). 

male chased her for 2-3 cm. If he did not catch her within a few seconds, he appeared 
to walk ainilessly until he ran into her again, resumed walking slowly, or became still. 

Once a male grabbed a female by the thorax he tried to introduce his aedeagus 
into her genital opening. Sometimes the female resisted by walking quickly, pushing the 
male's abdomen upwards with her hind legs, pushing his head backwards with her mid- 
dle legs, turning sideways or backwards, or pressing the tip or her abdomen to the sub- 
strate. Sometimes the female removed the male and the pair separated. The female also 
struggled after intromission began. When a female struggled the male used his front and 
middle legs to hold on to the ventral side of her thorax or to hinder her gait; when a Se- 
male walked quickly he usually raised his front legs and rode on her back. 

In 67% of 149 matings the male introduced his aedeagus into the female less than 
1 s after mounting her, but sometimes (N = 39) there was a delay of 18 Â 6 s (range 
6-1 32 s). Delays were significantly more common when the female struggled at the be- 
ginning of copulation (26 of 44 copulations) than when she did not (23 of 105 copula- 
tions; x 2  = 19.43, df = 1, p < 0.001). 

Copulations lasted 12.9 Â 1.5 min (range 0.3-93.3 min, N = 153). They consisted 
of 1-20 intromissions (Table I), and each intromission lasted about 80 s (Fig. 11). Be- 
tween intromissions the male withdrew his aedeagus completely from the female. Lon- 
ger copulations had more intromissions (Fig. 2) and longer pauses between 
intromissions (Fig. 3) but did not involve longer intromissions ( r  = 0.09, p > 0.10, N = 
151). 

During intromission the male sometimes remained still or performed up to four 
different genitalic movements: prying, thrusts, small thrusts, and pulls (Fig. 4; Table 2). 
Except for prying, individual movements lasted less than 1 s. The movements usually 
occurred in series (Table 3), except for pulls, which occurred singly in between series 
of other movements or periods or stillness. 

Each prying movement (Fig. 40) was held for 14 Â 1 s (range 3-29 s, N = 40 
movements). Prying seemed to be a big effort to the male, and the force was exerted at 
least partially by a ventral flexion of his head. In 1 1  of the 125 copulations in which 
prying occurred the male's mandibles lost their grasp on the female's thorax during the 
niovenient, but the male grabbed the female again and continued the movement. In an- 
other case the female walked quickly when the male lost his grasp, his aedeagus came 
out of the female, and the copulation ended. Intromissions and copulations in which 
prying occurred ( 1  14 Â 6 s and 14.4 Â 1.7 min, respectively) were significantly longer 
than intromissions and copulations without prying (60 Â 6 s and 4.3 Â 1 .1  min, respec- 
tively; p < 0.0001 in both cases). Prying was the only genitalic movement that occurred 
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copulation length (min) 
FIG. 2. In Pseudoxychila tur.sulis the number of intromissions per copulation was significantly correlated 
with copulation length ( r  = 0.84, p < 0.001, N = 152, significant after the Bonferroni correction). The 
correlation was not linear; a logarithmic transformation changed the standard error of the estimate of the 
regression from 1.49 to 0.15. 

copulation length (min) 
FIG. 3. In Pseudoxychila ten-sails the percentage of time spent in intromission was inversely correlated with 
copulation length (r ,  - -0.62, p < 0.001, N = 146, significant after the Bonferroni correction). The 
correlation was not linear: a logarithmic transformation changed the standard error of the estimate of the 
regression from 14.82 to 0.14. 



) Small thrusts 

Thrusts 

D) Pulls 

Sometimes a male ;i~enipting an  intromission seemed unable tu penetrate a con- 
stnction at the entrance of the lemalc genital openning, withdrew dttci about 1 s, and 
ined again. There were >it least ,even such "failures" in J( lea'it f i ~ c  copulations in 
which there were othei sntn)i~iission> Some short intromission> (lor cxi~mple, one of 
I ) may also not have fully pcneuaied the female. 

Table 3 Oiie male mdbed with his front ic .rnj i i r ioi l i~i with his hind leg< i l i i t  ~ w t h  
also u s i d  [hi-~ii miildlc legs. Rubbing o c c i . n r ~ ~ ~  iu1-t ncl* i ic  the end of an int ro ib i i i i i i~~ $11 

between intromissions. Routs ot rubbing lasted 14 Â 2 s (range 3- 5 1 s. A' :-- 27 bouts). 
Copulations with rubbing i P . 5  Â 2.4 nun, N = 73) were significantly konger than those 
without it (5.0 Â 0 5 mm. (V = 73, p < 0 0001). Rubbing wcis 'issociated with prying: it 
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TABLE 2. Frequency of Psieuiloxvchilci t i i rsal is  m d  P s e u d o u c h i l a  h p u v t u l a t a  male copuliitory movements 

Frequency ol i-opulation-i i n  

which movement o ~ ~ u r r e d  (%) 
-- 

Proponion of intromission;! 
per copulation in which 

Copulator) P .  bipu!tiilata P. tarsall 'i  Comparison between movement occurred 
movement (IV = 34) (N = 153) species" {P. tczrsiili.\} 

Prying 91 
(31 of 34) 

Thru-its 4 1 
(14 of 34) 

Small 76 
thrusts (25 of 33) 

Pulls 50 
1 7  of 34) 

Rubbing 34 
(11 u f 3 2 )  

NOTE: The number ol copulations in which thrusts, \inall thrusts, and pulls occurred wiis si;nificantl> different between 
hrth species I~ i i ch  companion in\ol \ed differed movements. \o the Boiiterroni technique was not applied 
"11s. noi significant. 

TABLE 3. Series of male genitalic movements in P s e u d o q c h i l a  t i i rsal is  and Pseud<i.tvchila bipi i ' i i~i l i i ta  

No of movements per seiies 

Prying Thrusts 

2.4 Â 0 I 4.2 Â 0 4 
(N = 25) (N = 20) 

2. 3. 7 6.3 Â 1 .1  
(A' = 8) 

Series length (s) 
--  

Prying Thrusts Small thrusts 

10 Â 3 7 2 1  1 1  Â 1 
( N = 2 0 )  ( V = 5 1 )  (N = 48) 

33. 66, 90 21 Â 9 41 Â I 1  
(N = 8 )  (N = 9)  

Comparison 
between species - - - [i = 0.03 p = 0.0003 

NUFE: Sample sizes vary because nor all series could be ohsened  equally well. 

occurred in 74 of 126 copulations in which prying occurred hut only in 5 of 26 copula- 
tions in which prying did not occur ( y 2  = 13.47, df = 1 ,  /;> < < 0.001). 

In 18% of 144 copulations the male dismounted the female immediately after the 
last intromission, but in most cases there was a delay of about 30 s between aedeagus 
withdrawal and dismounting (Fig. 12). 

Part of one mating of a pair found in copulation was observed in the field at 
Moravia. There were 15 intromissions in 59 min and all male genitalic movements ob- 
served in captivity occurred. The female walked quickly during the first 30 min and 
then remained still beneath a rock. When she walked the male rode on her back with his 
front legs raised. During and after two intromissions she pushed his head with her mid- 
dle legs and his abdomen with her hind legs. After the three next-to-last intron~issions 
the male dismounted but then grabbed the female again. After the last intromission he 
dismounted and walked away. 

Spermatophore ejection. The female ejected one or two spermatophores (Fig. 6) 
in 35% of 136 copulations. She ejected one spermatophore in 39 copulations (after cop- 
ulation in 35 cases, between intromissions in four cases). She ejected two spermato- 
phores in eight copulations (both after copulation in one case, both between 
intromissions in one case, and one between intromissions and the other after copulation 
in six cases). 



F:it;. 5.  Schematic drawing of the niovcincni of rubbing the female in Pstjin!<i\vchila to.io/r.\. Time lapsed 
between starting and final positions = 0.00 s. The drawing was copied from video images. 

S p e r m < i t ~ v h i ~ i  i . - j i  ction did not occut d t t r  t h e  iirsi in;romission of copulatieiii\ 
after any of ! 4 -,~sr.:lr- intromission copulations D n n u  copulation it often occuicd L~ 

few seconds atter an intiomission Afki copulation it occuired 2 2 Â 0 0 nun (range 
0.5-9 min, N = 9) after the m l e  dismounted, but females may eject spermafophores up 
to a few days after copulation (Rodriguez S .  1998). 

To eject a spermatophore the female pressed the tip of her abdomen to the sub- 
strate and walked forwards This rrio\enient was distinct from oviposition in the field, 
during which the female stood sl i l l .  introduced her ovipositor in the chamber she dug, 
and did iiot walk (pcrional observation). All biit o i c  of the 47 females that ejeck'l spci- 
matophoics left them an the substrate The oiih-i tinned ti!i)und, picked it up VM!! hci 
rn0uthp.u K tind psesuimbly ate it. 

Most cjt'tteil sjxx~matophores had a okjhular loisn .id were peaily while 5i'~efi 
of these wesi- dl,-,. L $! i,ndei the microscoi~ .d all wen- {nil  of live sperm. One whi le  
spern~atophoie n,r- ,-jiX, led in pieces and loui U C I L  qected crumpled and bra\\ rush i n  

color (one ol those ~uii tained only a few sperm). 
Female struggle. Female struggle during copulation was dassihed i n  three cate- 

gories (1) female remaincil "till  (no struggle, in 43% of all 153 copuLitions), (2) female 
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153 Prying 0 Small thrusts 
' T  

Monteverde San Ramon Moravia Las Alturas Fortuna El Calvario 
FIG. 7. Geographic variation in the frequency (mean Â SE) of prying and small thrush in I'.seudoxychila 
tarsalis. Kruskal-Wallis p = 0.017 and 0.016, respectively. The order of the sites from left to right is from 
northwest to southeast. 

struggled weakly, usually at the beginning (29%); and (3) female struggled and walked 
quickly during most or all of the copulation (28%). 

There were no significant differences when copulation length, the proportion of 
intromissions in which prying occurred, the proportion of intromissions after which 
rubbing occurred, and the occurrence of spermatophore ejection were compared be- 
tween categories of female struggle (in all cases, Kruskal-Wallis p > 0.10; for 
spermatophre ejection x 2  = 1.37, df = 2, p > 0.10). 

In 37% of 145 copulations the male dismounted when the female was struggling. 
But the delay between aedeagus withdrawal and dismounting was not significantly as- 
sociated with female struggle: the female was struggling when the male dismounted in 
10 of 24 copulations in which there was a delay and in 42 of 117 copulations in which 
there was no delay ( x 2  = 0.29, df = 1, p > 0.10). 

Geographic variation. Copulations of repeated individuals were excluded from 
comparisons between sites. There was significant variation between sites in the fre- 
quency of prying and small thrusts, copulation length, and the number and length of 
intromissions per copulation (Figs. 7-10). Different comparisons involved different 
movements or data sets, so the Bonferroni technique was not applied except for copula- 
tion length and the number of intromissions per copulation, which were correlated 
(Fig. 2). The frequency of thrusts, pulls, and rubbing did not vary significantly between 
sites (Kruskal-Wallis p = 0.09, 0.75, and 0.18, respectively). There also was significant 
variation between sites in the frequency of spermatophore ejection (Table 4). 

Mating Behavior of P. bipustulata and Comparison with P. tarsalis. Copulations of 
P. bipustulata consisted of 1-16 intromissions. Single-intromission copulations were 
significantly more common in P. bipustulata than in P. tarsalis (Table 1). Intromission 
length was more than three times higher in P. bipustulata (Fig. 11). 

In I? bipustulata the male sometimes performed similar genitalic movements as in 
P. tarsalis (prying, thrusts, small thrusts, and pulls). Prying was held for 19 Â 5 s (range 
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Monteverde San Ramon Moravia Las Alturas Fortuna El Calvario 
FIG. 8. Geographic variation in copulation length (mean Â SE) in Pseudo,~~ch/1a tarsatis. Kruskal-Wallis p = 
0.0016, significant after the Bonferroni correction. The order of the sites from left to right is from northwest 
to southeast. 

Monteverde San Ramon Moravia Las Alturas Fortuna El Calvario 
FIG. 9. Geographic variation in the number of intromissions per copulation (mean Â SE) in Psemtoxychila 
tarsalis. Kruskal-Wallis p = 0.012, significant after the Bonferroni correction. The order of the sites from 
left to right is from northwest to southeast. 

3-52 s, N = 9). The other movements lasted less than 1 s each and occurred in series 
(Table 3), except pulls, which occurred singly. 

Thrusts, small thrusts, and pulls occurred in significantly more copulations in 
P. tarsalis that in P. bipustulata (Table 2). Series of thrusts and small thrusts were sig- 
nificantly longer in P. bipustulata (Table 3). 
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Monteverde San Ramon Moravia Las Alturas Fortuna El Calvario 
FIG. 10. Geographic variation in the length ol' intromission (mean Â SE) in P.~eudov~rhil(i  tarsalis. For the 
comparison, averages per copulation were obtained and used as  data points. Kruskal-Wa1li.s p = 0.05. The 
order of the sites from left to right is from northwest to southeast. 

TABLE 4. Geographic variation in the frequency of spermatophore 
ejection in P'leuiloxychilu tarsalis 

Female Female did 
ejected not eject 
-- 

C o s t ~  Rica 

Monteverde '2 7 
Moravia 1 24 
Las Alturas 0 11 

Panama 

Fortuna 1 8 

El Calvario 22 7 

NOTE: San Ramon was not included because copulations there were observed be- 
fore noting that females sometimes ejected spermatophores. The frequency of 
spermatophore ejection did not differ significantly between Monteverde. Moravia. 
Las Alturas, and Fortuna (G2 = 1.63, calculated adding 1 to all catcforles, df = 3. 
p > 0.10), but those sites combined had a significantly lower frequency of 
spermatophore ejection than El Calvario (y2 = 36.73, df = I ,  p < 0.001. significant 
alter the Ronferroni correction). 

Between intromissions the male sometimes rubbed the female with his middle 
legs (Table 2). In l? bipustulata the male only touched the tip of the female's abdomen. 
whereas in l? tarsalis he rubbed her abdomen, elytra, and hind legs. 

In 37% of 30 copulations the male dismounted the female less than 1 s after the 
last intromission, but in 19 cases there was a delay between aedeagus withdrawal and 
dismounting. It was more than four times longer than that in P. tarsalis (Fig. 12). An- 
other male remained on the female for 90 min after the last intromission until they were 
separated (the copulation was observed under cold rain and the value was excluded 
from statistical comparisons). Delays between aedeagus withdrawal and dismounting 
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P. tarsalis P. bipustulata 
FIG. 1 1 .  InUonii\sion length (mean Â SE) was hignificantly different between P.seinJor~~~/~i l ( i  hirsalis and 
Pseuilo.~\tI~ila bipustulatu ( p  < 0.0001). For the comparison, averages per copulation were obtained and 
used as data points. For I? bipiistulata data from Saladito and La Planada were pooled because ihey were not 
significantly different (p = 0.63). 

were more frequent in P. tarsalis (delay in 117 of 144 copulations) than in 
P. bipustulata (19 of 30 copulations, x 2  = 4.67, df = 1 ,  p < 0.05). They were not associ- 
ated significantly with female struggle: the female was struggling when the male dis- 
mounted in 10 of 16 copulations in which there was a delay and in 6 of 12 copulations 
in which there was no delay(x2 = 0.44, df = 1. p > 0.10). 

The female ejected 1 or 2 spermatophores in 36% of 28 copulations. She ejected 
one spermatophore in nine copulations (after single-intromission copulations i n  three 
cases, after a several-intromission copulation in one case, between intromissions in five 
cases). She ejected two spermatophores in one copulation, one between intromissions 
and one after copulation. Eight of the 1 1  ejected spermatophores had sperm. and in 
three of the eight the sperm were alive. Five of the 11 spermatophores ejected by 
l? bipustulata females were ejected after the first or single intromission of a copulation. 

Spermatophore ejection was not associated with female struggle: the female 
ejected a spermatophore in eight of 16 copulations in which she was struggling when 
the male dismounted and in two of 12 copulations in which she was not struggling 
when he dismounted ( G ~  = 3.52, df = 1, p > 0.05). 

Discussion 

The description given here of the mating behavior of l? tarsulis differs from that 
given by Palmer (1976~) in several aspects. Three phases of copulation were not appar- 
ent, and behavior was much more variable. even within sites, than Palmer's description 
suggests. There were 1-20 intromissions and four different male genitalic movements. 
The movements of Palmer's phase 3 ("leg twitching and body shaking," a deep thrust 
of the aedeagus into the female, and the occassional loss of the grasp of the male's 
mandibles) might correspond to the prying described here. But thrusts and pulls also in- 
volved a "thrust" of the aedeagus, and prying sometimes occurred from the first intro- 
mission or not at all. Palmer did not mention spermatophore ejection, and there were 110 
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P. tarsalis P. bipustulata 
FIG. 12. The length o f  the delay (mean Â SE) between aedeagus withdrawal and dismounting at the end of 
copulation was significantly different between P<irrido\\chilti /ar\u~li.'i and Pseudox~chila bipusiulata (p = 
0.00002 1. 

three phases when spermatophore transfer was studied in P. tarsulis (Rodriguez S. 
1998). Thus, the "phases of copulation" of Pseudoxychila should not be used to evalu- 
ate hypotheses of functional sexual morphology (i.e., Freitag et al. 1980) or phylogeny 
(i.e., Fielding and Knisley 1995). 

There was geographic variation within P. tarsalis in the frequency of prying and 
small thrusts, copulation length, the number and length of intromissions, and the fre- 
quency of spermatophore ejection. Different populations varied in different traits. 
Pseiid(~xychilu tarsulis lives at about 600-2000 m elevation in Costa Rica (Palmer 
1991 ). and the collecting sites were along the side of mountain ranges that do not seem 
to offer physical barriers to the distribution of the beetles (Fig. 1). However, the effec- 
tive size of a subpopulation can in theory be smaller than that of a continuous popula- 
tion if dispersal capacity is low (Kawata 1995). and there can be divergence within 
continuous populations (Lande 1982; Wu 1985). The flight of P. tarsalis is slow and 
heavy (Palmer 1976a; personal observation), but they may be dispersed by wind. The 
present abundance of habitats for the beetles (dirt trails, pastures, and other sites with 
hard mud walls) is relatively recent, so the collecting sites were probably more isolated 
or uninhabitable not long ago. 

Differences between P. tarsulis and P. bipustulata were greater than the variation 
within P. tarsalis for the number and length of intromissions; the frequency of thrusts. 
small thrusts. pulls, and sperrnatophore ejection; the frequency and length of delays be- 
tween aedeagus withdrawal and dismounting; and the form of rubbing. 

Differences within P. tarsalis and between P. tarsalis and P. bipustulutu in male 
mating behavior are in accord with the hypothesis that copulatory courtship evolves un- 
der sexual selection by cryptic female choice (Eberhard 1991, 1994, 1996). There were 
several contexts in which female choice might occur in P. tarsalis, and most occurred 
after copulation began. Females sometimes prevented copulation or intromission, inter- 
rupted copulation, remated, prevented sperrnatophore transfer, and ejected spermato- 
phores with live sperm (this paper; Rodriguez S. 1998). The latter also occurred in 
P. bipustulata. 
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The male movement of rubbing the female in P. tarsalis and P. bipustulata fits the 
criteria to be considered courtship (Eberhard 1994); it was (1) stereotyped and repeated 
within and between copulations; (2) appropiate to stimulate the female (some other 
movements of P. tarsalis males were considered incidental and not "designed" to stimu- 
late the female: the maxillary palps of males often vibrated and occasionally contacted 
the female's thorax; the tarsi of both sexes often vibrated during copulation but did not 
contact the body of either sex; and the male labrum rubbed the female's thorax during 
thrusts); and (3) mechanically irrelevant to the male's problems of remaining on the fe- 
male (rubbing was not observed when the female struggled or walked quickly). Also, 
rubbing in P. tarsalis was associated with prying. 

Pseudoxychila tarsalis thrusts, small thrusts, and pulls were not directly involved 
in spermatophore transfer (Rodriguez S. 1998) and fit the criteria used to evaluate male 
movements as courtship. Some studies of copulation have not considered male genitalic 
movements within the female as courtship, partly because of lack of data on their func- 
tion on sperm transfer (Eberhard 1994). But male genitalic movements may function to 
stimulate the female (Huber and Eberhard 1997). 

Another hypothesis that predicts specificity in copulatory courtship is the species- 
recognition hypothesis, which states that sexual characters that diverge between species 
allow the sexes to pair with individuals of the correct species (Shapiro and Porter 1989; 
Andersson 1994). However, the species-recognition hypothesis does not predict 
intraspecific divergence, such as observed in P. tarsalis, and since the ranges of 
P. tarsalis and P. bipustulata do not overlap at present (Anonymous 1996) and probably 
were more restricted in the past, the prediction of interspecific divergence would not 
apply. But there may be an as yet undescribed species of Pseudoxychila in Costa Rica 
(P. Hanson, personal communication). The species-recognition hypothesis also predicts 
males should perform pre-copulatory courtship and that copulatory courtship should be 
concentrated at the beginning of copulation. But there never was any pre-copulatory 
courtship and the male never rubbed the female until after at least one intromission. 

In some tiger beetles the male spends long periods mounted on the female without 
genital intron~ission. This has been considered a strategy to prevent female remating 
(Pearson 1988) in the sense of postinsemination mate guarding (Alcock 1994). For ex- 
ample, males of Cicindela marutha Dow spent 98% of copulation after insemination 
and without genital intromission (Kraus and Lederhouse 1983). Males of Pseudoxychila 
did not appear to defend females in this manner. Periods without intromission were of- 
ten followed by further intromissions, and spermatophore transfer rarely occurred in the 
first intromission in P. tarsalis (Rodriguez S. 1998). Delays between aedeagus with- 
drawal and dismounting were short (about 30 s in P. tarsalis and 130 s in 
P. bipustulata) in comparison with copulation length (13 min in P. tarsalis) or intromis- 
sion length (288 s in P. bipustulata; copulation length was not measured). One female 
of P. bipustulata and several females of P. tarsalis were seen ovipositing in the field but 
never with males present (personal observation). Palmer ( 1 9 7 6 ~ )  did not mention fe- 
males of P. tarsalis ovipositing with males mounted on them, but did see some males 
begin copulation with females that were ovipositing. Thus, males of P. tarsalis and 
P. bipustulata apparently did not attempt to guard females from other males, even 
though at least some were probably in control of copulation termination, since female 
struggle did not seem to affect copulation length. 
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