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ABSTRACT: Experimental removal of the sexually dimorphic supra-fronto-orbital bristles 
from male Ceratitis capitata lowered the chances that courting males would succeed in 
mounting females. Bristle removal did not affect male courtship behavior, and females often 
did not contact male bristles, so the male bristles probably function as visual display devices, 
despite the surprising fact that neither placement of the bristles nor courtship behavior are ap- 
propriate to display either the bristles' exaggerated length or the expansions at their tips to 
full effect. Indirect evidence suggests that male eye colors are also important in courtship, 
but that bristle asymmetry is not. 

Despite the fact that the medfly Ceratitis capitata Wied. is a serious agricultural 
pest that causes millions of dollars of damage annually, many aspects of its biology 
are as yet unstudied. One such poorly understood characteristic is the pair of sexu- 
ally dimorphic bristles on the supra fronto orbital area of the head (hereafter the male 
"bristles"). In male medflies these bristles have a relatively long, light-colored stem 
that is bent dorsally near the base, and a dark, flattened, more or less diamond-shaped 
expansion at the tip (Figs. 1, 2). Arita and Kaneshiro (1983) mention that the mod- 
ified bristles may contact the female during courtship. A second hypothesis, derived 
from the possibility that "Every aspect of the courtship ritual is directed at dispers- 
ing the pheromone toward the female" (Kaneshiro, 1993:26), is that they affect 
pheromone concentrations near the female. A third possibility is that the bristles form 
part of a visual courtship display: the colors of male eyes differ from those of fe- 
males (below), and male courtship behavior performed immediately preceding male 
attempts to mount females includes rapid head rotations that are combined with 
smaller turning and nodding movements (Fig. 3) (Feron, 1962; Briceno et al., 1996). 
Hasson and Rossler (in prep.) note that the degree of asymmetry in size of male bris- 
tles is negatively associated with their size, and suggest that the asymmetry may re- 
veal male quality. This note presents data on the morphology and positioning of the 
bristles on the male's head, and on the effects of bristles on female responses to male 
courtship. These data suggest that the bristles function as visual display devices. 

Methods 

The flies whose behavior was observed were from a strain derived from wild flies 
from the Central Valley of Costa Rica that had been mass-reared for about 5.5 years. 
Fly behavior was videotaped between 10:00 and 14:00 using a Sony CCD TR-700 
NTSC camera with closeup lenses (30 images/sec) in 10 sessions of 4 hr each. The 
flies were in four 13.7 cm diameter and 1.8 cm deep clear plastic petri dishes with 
paper ruled in a 1 mm grid behind the rear wall. Each petri dish contained ten males 
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Fig. 1.    Frontal view of male and female heads, showing the modified supra fronto orbital bristles of 

the male. 

and ten females that had emerged as adults 6 days earlier. The males in two of the 
dishes had had their bristles removed one day earlier. Each male was held unaenes- 
thetized by the thorax and abdomen between the fingers under a dissecting micro- 
scope, and the bristles were cut near their bases with a fine iridectomy scissors. The 
other two dishes contained control males that had been manipulated in a similar man- 
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Fig. 2.    The distal portion of a supra-fronto-orbital bristle of a male. 

ner but without cutting their bristles. Both males and females were kept separated 
from the opposite sex during the 24 hr prior to observations. Taping alternated every 
10 min between dishes with control males and experimental males. Only courtships 
not interrupted by other flies were included in the analyses. Average values are fol- 
lowed by ±1 standard deviation. 

Eye colors were determined with living, mass-reared, non-irradiated flies held un- 
der a dissecting microscope and illuminated with fiber optic lamps, and outdoors us- 
ing a lOx hand lens. No attempt was made to distinguish more than three different 
colors (red, blue, metallic blue-green). Bristle positions were observed with similar 
living flies; drawings were made using flies that had been killed by freezing and were 
recently thawed (bristle positions changed as dead flies dried out). 

Morphological measurements of both mass-reared flies and wild flies raised from 
fruit collected near Alajuela, Costa Rica were made under a compound microscope, 
using bristles mounted on slides. Measurements of other body parts were made un- 
der a dissecting microscope with flies mounted on pins. 



VOLUME 71, ISSUE 2 167 

^#» 

Dorso-Ventral Rotatory 

Lateral 
Fig. 3.    Schematic drawings that illustrate maximum head displacements of head and bristles (black 

for emphasis) that occur during head rocking courtship behavior (after Briceno et al., 1996). 

Results 

The durations of different aspects of courtship of experimental males that lacked 
bristles did not differ from those of control males (Table 1), suggesting that removal 
of the bristles did not affect the male's courtship behavior. Courtships of experi- 
mental males were nevertheless less likely to end with the male mounting the fe- 
male. They more often ended instead with the female walking away, or with the fe- 
male attacking the male, by darting at him and striking him with her head and 
causing him to move away (Table 1). Female attacks were distinguished from the 
"butting" behavior that is sometimes associated with female receptivity (Briceno and 
Eberhard, in prep.) by being more violent and causing the male to decamp. 

The average distance from which control males launched mounting attempts was 
1.00 ± 0.62 cm, and this was almost always the male's nearest approach to the fe- 
male. The distance that a male's setae projected anteriorly from the front surface of 
his head was on the order of 0.25 mm, while the distance that the female's antenna 
aristae projected anteriorly was on the order of 0.75 mm. It is thus clear that many 
(about half) of male mounting attempts were not preceded by contact between the 
male's bristles and the female's aristae. The male aristae project anteriorly on the or- 
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Table 1.    Effects of removal of supra fronto orbital bristles from males on average values of compo- 
nents of male courtship behavior and female acceptance. 

Control flies 
(bristles intact) 

Experimental flies 
(bristles removed) P(a) 

Duration of wing 2.39 ± 2.54 2.36 ± 3.66 >0.05 
vibration (sec) (N = 69) (N = 70) 

Duration of wing 6.80 ± 5.86 7.03 ±4.15 >0.05 
buzzing (sec) (N = 66) (N = 68) 

Number of forward wing 16.9 ± 15.8 22.5 ± 14.9 >0.05 
movements during buzzing (N = 68) (/V = 65) 

Duration of entire 9.04 ± 6.37 9.01 ± 4.82 >0.05 
courtship (sec) (W=69) (# =70) 

Distance between male and 
female 0.1 sec before the 1.00 = ± 0.61 1.16 ±0.62 
mounting attempt (cm) (TV = 43) (N = 43) >0.05 

Courtships that resulted in 46.5% 32.7% <0.05 
mounting attempts (N= 170) (N= 168) 

Courtships in which female 25.3% 41.1% <0.001 
moved away from male (N= 170) (N= 168) 

Courtships in which female 54% 14.9% <0.01 
attacked male (N= 170) (N= 168) 

(a) First 5 tests with Mann-Whitney U test; last three with Chi Squared. 

der of 0.75 mm (Fig. 1), so arista-arista contact between courting couples prior to 
mounting may have been more common (it was not possible to resolve the hair-like 
aristae in most video sequences). 

The width of the distal expansion of the male setae (Fig. 2) was not significantly 
correlated in mass-reared flies with either the length of the male's thorax or the max- 
imum width of his head (P = 0.2 and 0.8 respectively for log-transformed regres- 
sions using the left setae, P = 0.3 and 0.4 using the right setae; N = 46 in all cases). 
Thus the width of the expansion at the tip of the bristle is not a good indicator of 
male body size. 

There was substantial variation in the forms of the expansions among different 
males, and, to a lesser extent, between the two setae of a given male (Fig. 4). The 
degree of asymmetry between the widths of right and left expansions, a possible in- 
dicator of male vigor (Hasson and Rossler, in prep.), was variable. The average ab- 
solute difference between the widths of right and left bristles was 10.7% of the mean 
width. As in the study of Hasson and Rossler, the linear regression of the degree of 
asymmetry (absolute value of right minus left, divided by the mean) on the width of 
the expansion had a significant negative slope (Fig. 5) (slope = -0.294, P = 0.0034, 
N = 66). In contrast, the regression of the degree of asymmetry on male body size 
(estimated by thorax length) was not significant (slope = -0.0328, P = 0.306, TV = 
63). Data from 44 wild males showed both a similar degree of asymmetry (8.9%) 
(not significantly different from that of mass-reared flies, P = 0.53 with Mann-Whit- 
ney (7-test), and similar slopes (-0.721 for asymmetry on setal width, P = 0.025; and 
-0.151 for asymmetry on thorax length, P = 0.58). 

In the living male, the bristles project antero-laterally, and the flat surfaces of the 
expansions at their tips are inclined with respect to both the dorso-ventral and the 
anterior-posterior axis of the male (Figs. 1, 6). Seen in anterior view (as the poten- 
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Fig. 4.    The tips of the two bristles of eight mass-reared males, showing variation in size and shape 
between males and their symmetry. Bristles with the same number were from the same fly. 

tially receptive female sees them—see Feron, 1962; Briceno et al., 1996), the light- 
colored thinner basal portion of the bristle (the "stalk") generally crossed the upper 
portion of the male's eye; the black, expanded portion was usually just dorsal to the 
dorso-lateral margin of the male's eye (Fig. 1). The bristles apparently do not nor- 
mally move with respect to the rest of the male's head. They were never seen to 
move in extended observations of living males under the dissecting microscope; dis- 
section of the base of the bristle revealed no muscles or inward extension of the base 
of the bristle to facilitate muscle insertion; and mechanical deflections of the bristles 
of living males showed that they were, if anything, more stiffly attached to the head 
capsule, and returned more readily to their original positions than did other bristles 
on the anterior surface of the head. 

The positions of the bristles varied both between males, and on the two sides of 
the same male with respect to the angle they projected anteriorly and to the angle of 
the plane of the distal expansion with respect to the fly's horizontal axis (Figs. 1, 6). 
The orientation of the bristles on the male's head was such that neither the width of 
the expansion nor the length of the bristle was fully displayed in frontal view (Figs. 
1, 6). These orientations do not change substantially during a male's head rocking 
display, since the major component of that movement is rotatory (Fig. 3), and thus 
does not change the orientation of his bristles with respect to the female. The small 
nodding movements during head rocking probably direct the bristles even more to- 
ward the viewer, and also tilt the expansions at their tips even more. Thus the some- 
what surprising conclusion is that neither the placement of the male bristles, nor the 
courtship behavior that causes his head and bristles to move are appropriate to dis- 
play either of the bristles' two outstanding characteristics to full effect—their exag- 
gerated length or the expansions at their tips. 

The visual context of the bristles is complex. The colors of the compound eyes of 
male C. capitata differ from those of females, and the pattern of color varies de- 
pending on the angle of illumination of the fly (Fig. 7). The portion of the eye near- 
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Fig. 5.    Relationship between the degree of asymmetry in the width of the male's two bristles and 
their mean width (r= = 0.126, P < 0.0034). 

est the expanded portion of the bristle was red (presumably the eye pigment color— 
Lunau and Knuttel, 1995) at nearly all angles of illumination (Fig. 7). 

Discussion 

A courting male medfly usually does not mount the female unless she is immo- 
bile and facing him (Bricefio et al., 1996). This study showed that the presence of 
male bristles had the effect of increasing the likelihood that the female would per- 
mit the male to mount her. One limitation of these results is that females were not 
offered choices among males, as normally occurs in nature. 

Our observations are not in accord with two hypotheses regarding male bristle 
function. Use of the bristles to contact the female (Arita and Kaneshiro, 1983) could 
be ruled out definitively in about half of the taped courtships, because the male was 
too far away (and this is probably an underestimate of the frequency with which con- 
tract failed to occur). There are also indirect indications that there is no association 
between bristles (and head rocking) and pheromones (Kaneshiro, 1993). Most im- 
portantly, analysis of videotaped courtships showed that males apparently do not re- 
lease rectal gland pheromone during the head rocking phase of courtship (Bricefio 
et al., 1996). In addition, the distinct differences in coloration of the basal and dis- 
tal portions of the bristle, and the white rather than black color of the distal portion 
of the bristle in the related C. rosae (Quilici, pers. comm.), make sense in terms of 
visual stimulation but not if they only function in association with pheromones. 

It is thus likely that the male bristles function as visual display devices. Two non- 
exclusive types of information that females might derive from male bristles are the 
sex of the male, and his "quality" or "vigor". Female attacks on courting males may 
result from the female having mistaken the male for another female, as medfly fe- 
males are known to attack other females (Arita and Kaneshiro, 1983; R. D. Bricefio, 
unpubl.). The overall low frequency of female attacks in this study suggests how- 
ever that overt attacks only partially explain the greater frequency of mounts by 
males with intact setae. The lack of correlation between bristle width and male size 
suggests that female perception of at least the size aspect of male quality is unlikely. 
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Fig. 6.    Dorsal views of a random sample of heads of mass-reared males, showing variation within 
and between individuals in the positions of the supra-fronto-orbital bristles (all drawn to the same scale). 

Other studies have shown that female C. capitata do not prefer to mate with larger 
males (Arita and Kaneshiro, 1988; Whittier et al., 1992). 

Our data are in accord with those of Has son and Rossler (in prep.), who found a 
significant negative correlation between bristle asymmetry and bristle size, and a lack 
of correlation between bristle asymmetry and body size in male flies of a different 
mass-reared strain raised at different larval densities. The overall average degrees of 
asymmetry in the width of the bristles were similar in our study (0.108 for mass- 
reared flies, and 0.089 for wild flies) to those found by Hasson and Rossler (between 
0.11 and 0.14 at different densities). These asymmetries are relatively high when 
compared with those of other structures (e.g., about 0.01 in wing length and wing 
width—Hasson and Rossler, in prep.). 

The precise cues that females use from male bristles, and the stage(s) in male 
courtship when these cues come into play are not known. Further experimentation 



172 JOURNAL OF THE KANSAS ENTOMOLOGICAL SOCIETY 

IN DIRECT SUNLIGHT 
—Aft 

dorsum toward sun venter toward sun 

UNDER ARTIFICIAL, 
DIRECTIONAL ILLUMINATION 

face upward with face upward with 
venter toward sun dorsum toward sun 

dorsal Illumination ventral Rumination lateral illumination 
(from this side) 

frontal illumination 

UNDER A HORIZONTAL 
LEAF IN DIRECT SUNLIGHT 

face horizontally toward sun       face horizontally away from sun lace upward 
with venler toward sun 

IN DIFFUSE SHADE 

face downward 
with venter toward sun 

dorsum up ventrum up face upward with 
dorsum toward lighter sky 

face upward with 
dorsum toward dark object 



VOLUME 71, ISSUE 2 173 

will be needed to clarify details. It is possible, however, to use male morphological 
design and behavior to make some preliminary deductions. The clear coloration of 
the stalk of the bristle may be designed to work in conjuction with the bright colors 
of the dorsal portions of male compound eyes. Neither the positions of the bristles 
on the male's head nor the male's courtship behavior is appropriate for displaying 
either the full length of the bristle, or the full length or the width of the expansion 
at its tip. 

We are inclined to doubt that the relatively high degree of fluctuating asymmetry 
in measurements of bristle size, and the negative correlation between the degree of 
bristle width asymmetry and mean bristle width are functionally significant as an in- 
dicator of male quality to females for the following reasons. The positions of the 
bristles on the male head are such that it are extremely difficult to distinguish in 
frontal view whether a perceived asymmetry in their size is due to differences in their 
sizes, to differences in their alignment on the male's head, or to an asymmetrical 
alignment of the male himself with respect to the viewer. The "cost" to the male of 
producing bristles and then currying them is also likely to be relatively small; this is 
contrary to the assumption that they are costly, which forms part of the argument that 
they are reliable indicators of male quality (Pomiankowski and M0ller, 1993). 

An alternative explanation for the high degree of fluctuating asymmetry in bristle 
width and length is that it is selectively unimportant. If the female simply uses the 
presence of a large dark object just beyond the margin of the eye as a cue, for in- 
stance, then small details of the form, length, and positioning of the bristles may have 
no selective consequences for the male. Perhaps there is only relatively weak selec- 
tion on the male's ability to canalize the development of these traits. This explana- 
tion does not account, however, for the negative correlation between bristle width 
and asymmetry in bristle width. 

There are two important limitations in this study. Our only measure of male 
courtship success was whether or not the male made a mounting attempt. At least in 
captive conditions, most mountings fail to lead to copulation (the female often 
quickly dislodges the male—see Feron, 1962; Kaneshiro, 1991); and up to 10-20% 
of copulations fail to result in transfer of sperm to the female's spermathecae (Ca- 
macho, 1989). Although a courtship obviously cannot succeed unless the female al- 
lows the male to attempt to mount, a mounting attempt does not guarantee insemi- 
nation success. Although the number of copulations is correlated with the number 
of mountings (Whittier et al., 1994), the effects of male bristles on overall male re- 
productive success thus remain undetermined. 

Secondly, all color patterns were judged using human color perception, not that of 
female flies. Electroretinagram studies of several tephritid flies, including C. capi- 
tata, show peaks of sensitivity in the yellow-green and the ultraviolet regions, and a 
sharp fall-off in sensitivity in the red region (Rice, 1989). Physiological results in 
Rhagoletis pomonella suggest that the flies would have difficulty distinguishing red 
from black (Rice, 1989). The usual juxtaposition of the black tip of the bristle of 

Fig. 7. Schematic representations of the colors of different portions of the compound eyes of males 
seen in frontal view with different types of illumination (horizontal lines indicate red, circles blue, and 
vertical lines light metallic blue-green). 
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male C. capitata with the external margin of a red portion of the male's eye (pre- 
sumably also black or nearly black for the female) (Fig. 1) may be significant in this 
context. This idea is only tentative, however, pending determination of the UV re- 
flectances of the bristles and different portions of the male's eye. Nevertheless, our 
observations are sufficient to show that at least some variations in the intensity and 
pattern of eye colors depend on the angle of illumination (as is typical of reflection 
and interference colors in the eyes of flies—Lunau and Kniittel, 1995), and that male 
head rocking, by changing these angles, may change the color patterns as well as the 
stimuli from the bristles that are perceived by the female during courtship. 
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