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ABSTRACT: Mating behavior in Ozophora lygaeid bugs is described for the first time. Male 
and female copulatory behavior differed between 0. baranowskii and 0. maculata. Females 
tapped or pushed the males with their hind legs during copulation. In 0. baranowskii female 
tapping was inversely correlated with copulation length, and male copulatory courtship oc- 
curred in association with tapping. Females sometimes ejected a spermatophore containing 
live sperm after copulation. 

Male behavior that stimulates the female during mating, copulatory courtship, oc- 
curs frequently among insects and spiders (Eberhard, 1991, 1994), probably to in- 
fluence cryptic female choice, which occurs during or after copulation (Thornhill, 
1983; Eberhard, 1991, 1994, 1996). Male post-copulatory courtship influenced sperm 
storage and use by the female in the fly Dtyomyza anilis (Otronen and Siva-Jothy, 
1991; Otronen, 1997). On the other hand, female behavior that apparently stimulates 
the male during mating is much less frequent. For example, it occurred in only 5% 
of 132 species included in a study with detailed observations of mating on insects 
and spiders (Eberhard, 1994). But the surprising thing is that such behavior occurs 
at all, because it is usually the male that must try to induce favorable responses in 
the female. 

This paper gives a detailed description of the mating behavior of two lygaeid bugs, 
Ozophora baranowskii Slater & O'Donnell and Ozophora maculata Slater & 
O'Donnell. In both species the female touched the male during copulation in an ap- 
parently stimulatory manner. This is the first description of mating behavior for 
Ozophora bugs, which are often seed predators of figs (Slater, 1972). Details of be- 
havior are used to evaluate explanations for male and female copulatory behavior. 

Materials and Methods 

Bugs were collected near San Antonio de Escazfi (el. 1300-1400 m), San Jose 
Province, Costa Rica, in an area of coffee plantations and secondary forest. Adults 
were captured from branches of Ficus padifolia (Moraceae) trees and from the 
ground below them, where nymphs were also found. Rearing methods are described 
in Rodriguez S. (1997). Last instar nymphs and adults were kept each in a Petri dish. 

Lab-reared females were not mated until after eight days post-molting to avoid the 
risk of increased early mortality sometimes associated with early copulation, as in 
the lygaeid Oncopeltus fasciatus (Loher and Gordon, 1968). Matings were observed 
in Petri dishes under a dissecting microscope. Keeping the Petri dish on a mirror, it 
was possible to observe some internal genitalic behavior during copulation through 
the partially transparent female ovipositor. Verbal descriptions were dictated to a tape 
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Results 

When placed in a Petri dish the bugs walked rapidly and tried to escape, calmed 
down after a few minutes and began to walk slowly or remaine still until another 
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Table 1 .  Female tapping and pushing in 0. baranowskii and 0. maculata. To compare episode length, 
averages per copulation were used as data points. Both P values are significant after the Bonferroni correction. 

- - - 

Episodes per copulation Episode length (sec) Incideri~c (sec/min) 

av Â SE range av Â Sh  range av Â SE range 

0 baranowskii 1 8 Â ±  4-69 46 Â 5 5-203 16 Â 2 1-60 
n = 50 

0. maculata 17 Â 5 1-48 20 Â 6 5-60 4 2 2  1-15 
n =  10 

bug walked by. When two females met they walked away from each other. Some- 
times a male mounted another male and touched the other's genital capsule with his 
own, but dismounted after a few seconds. In 0. baranowskii there were 100 male- 
female copulation attempts that resulted in 53 copulations (1 8 of wild-caught indi- 
viduals, 27 of virgin females, 8 second copulations of these females). With wild- 
caught 0. maculata there were 18 attempts resulting in 13 copulations. Sample sizes 
below vary because not all movements could be observed equally well in all copu- 
lations. 

A male attempted copulation by mounting a female facing in her direction, all his 
legs but one on her thorax and wings. The hind leg of the side from which he ap- 
proached remained on the Petri dish. The male tapped the head, thorax and wings of 
the female with his antennae and legs, and backed down to couple his genitalia with 
her ovipositor, twisting his genital capsule by 180Â° He introduced his endophallus 
and sperm reservoir (Fig. 1) through the valves of her ovipositor into her abdomen, 
dismounted and turned to face in the opposite direction. In 0. baranowskii the male 
genitalia had entered the female abdomen by 53 Â 4 sec of copulation (n = 4 3 ,  and 
by 28 Â 3 sec (n = 12) in 0. maculata. The female often ran away or shook her body 
sideways when the male mounted. 

0. baranowskii copulations lasted 65 Â 9 min (range = 1-333 min, n = 52). 
0. maculata copulations were twice as long (118 Â 13 rnin, range = 19-195, n = 13, 
P = 0.0006). Copulations usually ended when the male walked away pulling his gen- 
italia out of the female. Only once in 0. maculata did the female appear to cause 
separation by walking away. One 0. baranowskii female died during copulation (she 
was alive at 3.3 hr of copulation, dead by 3.6 hr). But the male remained coupled 
until at least 5.5 hr, and had separated by the next check at 14 hr. This indicates the 
male can end copulation without participation from the female. 

FEMALE BEHAVIOR: In both species the female touched the male during copulation 
with her hind legs (in all of 50 0. baranowskii copulations, in 10 of 11 0. maculata 
copulations). The movement differed between the two species. In 0. baranowskii 
the female tapped the male and in 0. maculata she pushed him (Fig. 2). 

Tapping and pushing did not occur continuously, but in episodes throughout cop- 
ulation. Tapping episodes in 0. baranowskii were more than twice as long as push- 
ing episodes in 0. maculata (Table 1 ) .  The incidences per copulation of tapping and 
pushing were measured as seconds of tapping or pushing per min of copulation, for 
copulations in which they occurred. The overall incidence in 0. baranowskii was 
significantly higher than in 0. maculata (Table 1). The temporal pattern also differed 
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stages of copulation (mm) stages of copulation (mb) 

Fig. 2. Schematic drawing of the female movement of touching the male during copulation. In  0. barti- 
nowskii the female softly tapped the male's abdomen, genital capsule, and wings with alternating move- 
ments of her hind legs (positions of hind legs traced from video images). In 0. macu/ata she pushed his 
abdomen, genital capsule and wings with forceful, simultaneous movements of  her hind legs. Black bars 
represent episodes of tapping or pushing during the first, middle and last 10 min periods of one 0. ham- 
t7owskii and one 0. muiculata copulation. 

(Fig. 2). In 0. baranowskii tapping often began just after the rnal 
genital coupling (44 of 5 1 ut this never happened ii 
0. barmowskii tapping in hest at the beginning a 
lion, while in 0. maculata pu mostly at the end (Fig. 2, Table 2). At 
the beginning and end of copulation, the incidence of tapping was much 
0. barmowskii than the incidence of pushing in 0. mctrz~lata (Table 2). 

Tapping or pushing were sometimes violent. In 0. aranowtskii strong taps re- 
sembled kicks and in 0. maculata strong pushes stretched the genital capsule away 
from the male's abdomen. But neither the length of copulation nor the incidences of 
tapping or pushing differed significantly etween copulations in which strong tap- 
ping or pushing occurred or not ( P  > 0.24 in bo Sometimes the male 
placed his hind legs in the way of the female's leg 0. baranowskii copu- 
lations, 4 of 10 0. maculata copulations) but this did not appear to hinder her. 

e female often shook her bo sideways during tapping or pu 
uently in 0. baranowskii (43 of copulations) than in 0. macula 

illations, G3 = 19-65, d.f. = 1, P Ã 0.005). Copulation length did not vary signifi- 
n cases in which the female shook her abdomen or not ( P  > 0.15 for 

MALE BEHAVIOR: In both species the male performed u to three types of move- 
ment during copulation: 
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Table 2. Incidence (sec/min) of female tapping or pushing at different stages of copulation in 0. bara- 
nowskii and 0. rnaculata. Stages were measured in periods of 1/10th the average copulation length (65 
min in 0. baranowskii, 118 min in 0. rnaculata). Thus, 0. baranowskii tapping incidence was determined 
for the first, middle and last 6.5 min periods of each copulation (six copulations too short to be so divided 
were excluded from this analysis). 0. rnaculata pushing incidence was measured in periods of 11.8 min. 
P values significant after the Bonferroni correction are indicated with an asterisk (*). 

Stages of copulation 

Beginning Middle End Kruskal-Wallis test between periods 

All periods 
0. baranowskii 18 Â 2 3 Â ±  36 Â 3 P < 0.00001 * different with 

n = 44 Tukey's test 

Beginning and 
0. rnaculata 0.2 Â 0.1 0.4 Â 0.2 13 Â 6 P = 0.001 * middle not different 

n =  10 with Tukey's test 

Mann-Whitney U-test 
between species P < 0.0001* P = 0.57 NS P = 0.002* 

1) Mount the female (Table 3). Maintaining intromission the male re-mounted the 
female and tapped her head, thorax, wings and abdomen with his antennae and legs, 
then dismounted and returned to his position. Mounts were not more frequent in one 
species than the other (40 of 51 0. baranowskii copulations, 10 of 10 0. maculata 
copulations, G2 = 1.74, calculated adding 1 to all categories, d.f. = 1, P > 0.10). 

2) Tap wings of female. The male raised his hind legs simultaneously until per- 
pendicular to the substrate, lowered them with circular movements and tapped the 
wings of the female 1-2 times. Sometimes the male did not touch the female (20 of 
92 0. baranowskii leg raises, 11 of 18 0. maculata leg raises). The frequency of 
wing taps did not differ between species (25 of 51 0. baranowskii copulations, 4 of 
11 0. maculata copulations, x2 = 0.11, d.f. = 1, P > 0.10) but there was a higher in- 
cidence per copulation in 0. baranowskii (Table 3). 

3 Vibrate hind legs. In 0. maculata leg vibration was strong and there were vi- 
bratory movements in the body of the male and the female in all of 10 copulations 
(sometimes visible without the dissecting scope). In 0. baranowskii it was softer and 
vibratory movements were seen in the male or female in only 14 of 26 copulations 
(G2 = 6.24, d.f. = 1, P < 0.05). Leg vibration was more frequent in 0. maculata (all 
of 10 copulations) than in 0. baranowskii (31 of 49 copulations, G2 = 4.51, calcu- 
lated adding 1 to all categories, d.f. = 1, P < 0.05). Episodes were longer but had a 
lower incidence per copulation in 0. baranowskii (Table 3). 

Incidences of male movements were not significantly correlated with each other 
(in all cases r < 0.30, P > 0.05) except 0. baranowskii mounts and wing taps (r3 = 
0.56, n = 50, P < 0.001, significant after the Bonferroni correction). 

GENITAL MOVEMENTS: When the male genitalia moved through the female ovipos- 
itor the endophallus was coiled as in Fig. 1. 

In 0. baranowskii there were three pseudo-copulations that lasted 1-2 min in 
which the male genitalia remained at the distal tip of the ovipositor making small, 
rapid, back-and-forth movements (about 1-21sec). Another case lasted 1.6 min and 
the male genitalia penetrated the female for only 15 sec. These copulations had sig- 
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Table 3. Male copulatory movements in 0. baranowskii and 0. maculata. To compare the length of 
mounts and of episodes of wing tapping and leg vibration between species, averages per copulation were 
used as data points. P values significant after the Bonferroni correction are indicated with an asterisk (*). 

Mount female 

Mounts per copulation Mount lengths (scc) Incidence (mountslhr) 

0. baranowksii 5 2 1  6 Â  I 4.8 Â 0.6 
n = 40 

0. maculata 
n =  10 

Tap wings of female 

Episodes per copulaiion Episodc length (sec) Incidence (episodeshr) 

0. baranowskii 3 + 0.4 2 Â 2 3 Â 0.6 
n = 25 

Vibrate hind legs 

Episodes per copulation hpisode length (min) Incidence (episodeslhr) 

0. baranowskii 
n = 29 

0. maculata 
n = 10 

nificantly higher tapping incidences (47 seclmin in one case, 60 seclmin in the oth- 
ers) than copulations in which the male genitalia entered the female abdomen for 
prolonged periods (Table 1, P = 0.002). 

During copulation the male genitalia were sometimes withdrawn from the female's 
abdomen, made small, quick, back-and-forth movements between the tip of the 
ovipositor and the male genital capsule, and then re-entered. This was less frequent 
in 0. baranowskii (13 of 49 copulations) than in 0. maculata (10 of 11 copulations, 
x2 = 14.01, d.f. = 1, P << 0.005). Withdrawals were significantly longer in 0. mac- 
ulata (Table 4). 

In all pairs immobilized in copula (15 0. baranowskii, 1 0. maculata) the male 
endophallus was inside the female sperrnathecal duct. But it was inside the thick- 
walled section of the duct (Fig. I) in only 1 of 11 pairs (in the other 5 the endophal- 
lus may have been pulled out during dissection). In all cases the male sperm reser- 
voir was in the ovipositor, which was never seen in living pairs if the endophallus 
was inside the female's abdomen. Thus the males apparently had begun to retract 
their genitalia before immobilization and the penetration of the endophallus into the 
spermathecal duct may be under-estimated. Sperm transfer in 0. baranowskii oc- 
curred after 30-45 min of copulation (Rodriguez S., 1998b). 
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liible 4. Withdraw.ils of the male genitalia from the femalt, ~tt~ciorncn in 0. baranowsku iir~d 
0 mn ~' rn ' i  To i ump~tre withdrawal leni'lh, ' IM*~ i >- 1 copulation were irn" i \  11i.1 point-. The P 
value in I,  Ã̂ '111 istensk (*) is signifi~~int % i f t i  I I!)<- Biinferroni correction 

In six 0. baranowskn copulations the genitalia were observed when the pair sep- 
e the male genitalia remained insid female abdomen until the last 
in lour cases they weiu W!~(!T.~'A n sec earlie! I D  one 0. misculata 

were withdrawn c *  scc earhe1 
xi \'r n ~i EICCTION: The fcn.tle sometimes ejected a sp~tsn~iropiiurc (Fig. 

i s  ixuini 'd 3-18 min (n  = 3 > s f t i  i copulation in 0. barfsnow^kn, i ~ l S  10.1 Â 
1 dftci ujpulation (range = 4 20 m m  Ã = 10) in 0. ma sc ulata Is v. ,H more 

freqn-. ni in 0 nw.<ulata (10 of 13 cnpuLilioii 'ban in 0. barani'v\'\l-- 0 i ' 4  U S  51 cop- 
ulations, G2 = 10.60, d.f. = 1, P < 0.05). 

even 0. baranowskii ejected sperrnatophores were examined under the n~icio- 
scope and five were full of living sperm (the other two had no sperm and one waii 
full of what seemed oil droplets). All of six 0. maculata ejected spermatophorc's 
were full of living sperm. The length of an 0. muculda sperm measured with an op- 
deal grid on a microscope wte 0.88 mm. 

Fly 3. Micrograph of a spcrmdtophole cfected by an 0. ma( ulaia female copulation. When <-rushed 
by the coverslip, living sperm enierped from the central, round transparent section of the spermatophoie 
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Table 5. Male behavior during copulation in relation to female tapping in 0. baranowskii. The average 
incidence of tapping was 16 sec per 60 sec of copulation = 0.27. This was the null expectation for the 
proportion of male movements initiating during tapping episodes. 

Mounts Wing tapping 

Observed Expected Observed Expected 

During tapping episodes 66 50.49 23 20.52 

When female was not tapping 2 1  136.51 53 55.48 

y2 = 6.53, d.f. = 1, P < 0.01 y2 = 0.41, d.f. = 1 ,  P > 0.10 

0. baranowskii copulations after which the female ejected a sperrnatophore were 
significantly longer than copulations after which she did not (Fig. 4). The incidences 
of tapping, male movements and genitalia withdrawals did not differ significantly 
according to whether the female ejected a spermatophore in either species (in all 
cases P > 0.05). 

ASSOCIATION BETWEEN MALE AND FEMALE BEHAVIOR: Male mounts and wing taps 
were classified as initiating within or without episodes of female tapping or push- 
ing. Leg vibration episodes were too long to be so classified. For mounts and wing 
taps, there were no cases in which movements occurred partly within an episode of 
tapping or pushing, so movements that initiated or not during episodes actually oc- 
curred wholly within or without them. 

0. baranowskii mounts occurred more frequently than expected during tapping 
episodes (Table 5) and during the second half of the episodes (22 mounts in the first 
half, 39 in the second, x2 = 4.74, d.f. = 1, P < 0.05). Mounts occurred in longer tap- 
ping episodes (Fig. 5 )  and more mounts occurred in longer episodes ( r  = 0.49, n = 
51, P < 0.001). All 0. maculata mounts and wing taps occurred when the female 
was not pushing. 

Male mounts were sometimes hindered by tapping or pushing, more frequently in 
0. baranowskii (44 failures in 225 attempts during tapping) than in 0. maculata ( 3  
failures in 62 attempts, x2 = 7.68, d.f. = 1, P < 0.01). 

female ejected spermatophore female did not eject 
spermatophore 

Fig. 4. 0. baranowskii females ejected spermatophores after significantly longer copulations ( P  = 0.04). 
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N = 50 episodes 

N = 813 episodes 

n 
mounts occurred no mounts occurred 

Fig. 5. 0. baranowskii male mounts occurred during significantly longer female tapping episodes (P < 
0.0001\ 

COPULATION LENGTH AND FEMALE BEHAVIOR: In 0. baranowskii tapping incidence 
was negatively correlated with copulation length (Fig. 6), not so in 0. maculata (rs 
= -0.07, n = 11, P >> 0.50). Copulations ended during tapping significantly more 
frequently in 0. baranowskii (42 of 46 copulations) than during pushing in 0. mac- 
ulata (6 of 11 copulations, G2 = 7.37, d.f. = 1, P < 0.01). Neither copulation length 
nor the incidences of tapping or pushing were correlated significantly with the inci- 
dences of the male movements or of genitalia withdrawals in either species (in all 
cases r, < 0.50, P > 0.10). 

COPULATIONS OF 0. BARANOWSKII VIRGIN AND NON-VIRGIN FEMALES: Significantly 
more attempts resulted in copulation with virgin females (27 copulations in 35 at- 
tempts) than with females that had mated before in the lab (13 copulations in 36 at- 

0 100 200 300 400 

copulation length (min) 

Fig. 6. In 0. baranowskii the incidence per copulation of female tapping was inversely correlated with 
copulation length ( r  = -0.52, n = 50, P < 0.001). 
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tempts, x2 = 12.14, d.f. = 1, P Ã 0.005). But when copulations of virgin females (n 
= 27) were compared with copulations of females that had mated before (n = 13), 
there were no significant differences in copulation length, the incidences of male and 
female movements or of genitalia withdrawals, or in spermatophore ejection (in all 
cases P > 0.10) 

Discussion 

Male copulatory behavior of 0. baranowskii and 0. rnaculata fits the criteria to 
be considered courtship (Eberhard, 1994). It was stereotyped and repeated within 
and between copulations, appropriate to stimulate the female and mechanically ir- 
relevant for the male to remain coupled to the female. The hypothesis that male cop- 
ulatory courtship functions to affect cryptic female choice predicts it should often 
differ between closely related species because of rapid evolution due to sexual se- 
lection (Eberhard, 1991, 1994). This prediction has been met in all 27 genera for 
which data are available (Simpson, 1975; Cowan, 1986; Eberhard, 1992, 1993a, b, 
1994, 1996; Fielding and Knisley, 1995; Lachmann, 1997; Rodriguez, 1994; Ro- 
driguez S. and Eberhard, 1994; Rodriguez S., 1998a). Male copulatory courtship dif- 
fered between both Ozophora species in several ways: 1) leg vibration in 0. rnacu- 
lata was stronger, more frequent and had a higher incidence per copulation; 2) leg 
vibration episodes were longer in 0. baranowskii; and 3) the incidence of wing tap- 
ping was higher in 0. baranowskii. Also, 0. rnaculata copulations were longer and 
the male genitalia were withdrawn more frequently and for longer periods. 

The female movement of touching the male during copulation also differed be- 
tween both species: 1) in 0. baranowskii it was a soft tapping and the hind legs 
moved altematingly, in 0. maculata it was a push delivered with both hind legs to- 
gether; 2) episodes were longer and the incidence higher in 0. baranowskii; and 3) 
0. baranowskii tapping was more frequent and had a higher incidence at the begin- 
ning of copulation. 

Pushing in 0. maculata seemed a direct attempt to repel the male, but its incidence 
was not correlated with copulation length and only one mating ended during push- 
ing. On the other hand, the soft tapping of 0. baranowskii was inversely correlated 
with copulation length and matings frequently ended during tapping. Also, short cop- 
ulations that failed to result in sperm transfer had very high tapping incidences (Ro- 
driguez S., 1998b). Taking this into account, plus the fact that tapping would fit the 
criteria used to evaluate male movements as courtship, the differences between the 
two species, and the wide variation in tapping incidence (Table I), it seems that 0. 
baranowskii tapping may function in female choice during copulation. Applied se- 
lectively, tapping may "tire" the males, possibly inducing them to release the hold 
of their parameres on the ovipositor. Several trends are in accord with this hypothe- 
sis: male mounts occurred very frequently during tapping, especially during the sec- 
ond half of episodes and especially during long episodes. Mounts may reduce the 
impact of tapping by taking the male out of the range of the movement. 

Alternatively, tapping might inform the male about the female's willingness to ac- 
cept his sperm, use it to fertilize her eggs, etc. An example occurred in the midge 
Culicoides melleus (Linley and Adams, 1972; Linley, 1975a, b; Linley and Hinds, 
1975a, b; Linley and Mook, 1975). Experiments showed that the stylized kicks fe- 
male C. melleus deliver to the male during mating induce him, not by force but as a 
signal, to release his hold on her genitalia. Early termination of copulation decreased 
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the amount of sperm transferred to the spermatophore and the likelihood that it would 
remain attached to the female after copulation, thus shortening unwanted matings for 
the female and saving the male's sperm for other females. 

Acknowledgments 

I thank William G. Eberhard for guidance, access to his lab, photos and videos of 
the bugs and comments on the manuscript. Daniel Bricefio, Paul Hanson. Gerlinde 
Hobel and James A. Slater also commented on the manuscript. James A. Slater 
kindly identified the bugs and William Ramirez kindly identified the fig. Evan 
Bowen-Jones and Gerlinde Hobel provided valuable help in the field. Andrea Ber- 
necker and Gerlinde Hobel helped with the figures. Andreas Tadler provided litera- 
ture and advice. I thank my wife and family for financial support. 

Literature Cited 
Cowan, D. P. 1986. Sexual behavior of eumenid wasps (Hymenoptera: Eumenidae), Proc. Entomol. Soc. 

Wash. 88:53 1-541. 
Eberhard, W. G. 1991. Copulatory courtship and cryptic female choice. Biol. Rev. 66: 1-3 1. 
Eberhard, W. G. 1992. Copulatory courtship and notes on the natural history of Ochteru occidentalis 

Clausen (Diptera: Ephydridae). Pan-Pacif. Entomol. 68:261-267. 
Eberhard. W. G. 1993a. Copulatory courtship and genital mechanics of three species of Miicrodactylus 

(Coleoptera Scarabaeidae Melolonthinae). EEE 5: 19-63. 
Eberhard, W. G. 1993b. Copulatory courtship and morphology of genitalic coupling in seven Phyl- 

lophqyi species (Coleoptera: Melolonthinac). J .  Nat. Hist. 27:683-717. 
Eberhard, W. G. 1994. Evidence for widespread courtship during copulation in 13 1 species of insects 

and spiders, and implications for cryptic female choice. Evol. 48:71 1-733. 
Eberhard, W. G.  1996. Female Control: Sexual Selection and Cryptic Female Choice. Princeton Uni- 

versity Press, Princeton, 501 pp. 
Fielding, K., and C. B. Knisley. 1995. Mating behavior in two tiger beetles, Cicindela dorsalis and C. 

puritana (Coleoptera: Cicindclidae). Entomol. News 106:61-67. 
Lachmann, A. 1997. Sperm transfer during copulation in five Coproica species (Diptera: Sphaeroccri- 

dae). Eur. J.  Entomology 94:27 1-286. 
Linley, J. R .  1975a. Sperm supply and its utilization in doubly inseminated flies, Culicoides mclleus. J.  

Insect. Physiol. 21:1785-1788. 
Linley, J.  R.  1975b. Termination of copulation and associated behavior in Culicoidrs 1ne1leu.s (Coq.) 

(Diptcra: Ccratopogonidae). Bull. Entomol. Rcs. 65:143-156. 
Linley, J .  R., and G .  M. Adams. 1972. A study of the mating behavior of Culicoides mellvus, (Coquil- 

let) (Diptcra: Ceratopogonidae). Trans. R. Entomol. Soc. Lond. 124:8 1-1 2 1. 
Linlcy, J. R., and M. J. Hinds. 1975a. Quantity of the male ejaculate influenced by female unreceptivity 

in the fly, Culicoides melleus. J.  Insect. Physiol. 21:281-285. 
1-inley, J. R., and M. J. Hinds. 1975b. Sperm loss at copulation in Culicoides melleus. J. Enton~ol. 

50:37-41. 
Linley, J. R., and M. S. Mook. 1975. Behavioral interaction between sexually experienced Culicoides 

melleus (Coquillctt) (Diptera: Ccratopogonidae). Behavior I,IV:97-110. 
Lohcr, W., and H. T. Gordon. 1968. The maturation of sexual behavior in a new strain of the large milk- 

weed bug, Oncopeltus fasciatus. Ann. Entomol. Soc. Amer. 61: 1566-1572. 
Otronen, M. 1997. Sperm numbers, their storage and usage in the fly D r y o q z a  ani1i.s. Proc. R. Soc. 

Lond. B. 264:777-782. 
Otronen, M., and M. T. Siva-Jothy. 1991. The effect of postcopulatory male behavior on ejaculate dis- 

tribution within the female sperm storage organs in the fly Dryomyza anilis. Behav. Ecol. Socio- 
biol. 29:33-37. 

Rice, W. 1989. Analyzing tables of statistical tests. Evol. 43:223-225. 
Rodriguez, V. 1994. Sexual behavior in Omaspides convexicollis Spaeth and 0 .  bistriata Boheman 

(Coleoptera: Chrysomelidae: Cassidinae), with notes on maternal care of eggs and young. Coleop. 
Bull. 48: 140-144. 



148 JOURNAL O F  THE KANSAS ENTOMOLOGICAL SOCIETY 

Rodriguez S., R. L. 1997. Notes on the natural history of two Ozophora bugs (Hctcroptera: Lygaeidae) 
in Costa Rica. J. Kansas Entomol. Soc. 70:203-206. 

Rodriguez S., R. L. 1998a. Mating behavior of two Pseudoxychila beetles (Colcoptc~~:  Cicindelidae). 
Can. Entomol. 130:735-750. 

Rodriguez S., R. L. 1998b. Possible female choice during copulation in Ozophora baranowskii (Het- 
croptcra: Lygaeidae): female behavior, multiple copulations, and sperm transfer. J .  Insect Behav. 
11:725-741. 

Rodrigucz S., R. I-., and W. G. Eberhard. 1994. Courtship before and during copulation in two species 
of Xyonysius bugs (Hemiptera, Lygacidac). J.  Kansas Entomol. Soc. 67:37-45. 

Simpson, K. W. 1975. Biology and immature stages of three species of neartic Ochtera (Diptera: Ephy- 
dridae). Proc. Entomol. Soc. Wash. 77:129-155. 

Slater, J. A. 1972 Lygaeid bugs (Hemiptera: Lygacidae) as seed predators of figs. Biotropica 4: 145-151. 
Slater, J. A. 1983a. The Ozophora of Panama with descriptions of thirteen new species (Hemiptera, Ly- 

gaeidae). American Mus. Nov. 2765:l-29. 
Slater, J. A. 1983b. The Ozophora pallescens complex in the West Indies with the description of four 

new species (Hcmiptcra: Lygaeidae). Florida Entomol. 66:440-463. 
Thornhill, R. 1983. Cryptic female choice and its implications in the scorpionfly Harpobittacu.~ nigri- 

ceps. Amer. Nat. 122:765-788. 


