Abstract
Ontogenetic color change at sexual maturation can serve as a visual cue in mate recognition for some organisms. Largus californicus undergoes two distinct color transitions during development: bright red in the first instar, shiny blue-black from the second to fifth instars, and black with orange markings in adulthood. Observations of adult male mating behavior suggest that the final color shift may help distinguish between nymphs and adults. Males were observed mounting only adult individuals—persisting when paired with females and disengaging quickly when mounting another male—while nymphs were never mounted. To test whether dorsal color pattern influences male mating behavior, female color patterns were experimentally altered and male copulatory responses timed. The results did not support the hypothesis that color pattern significantly affects male behavior, indicating that the functional significance of the color change from nymph to adult lies elsewhere.

Introduction
Ontogenetic color change coinciding with sexual maturation has been documented as beneficial in various taxa including fish (Fricke, 1980), reptiles (Werner, 1978), and birds (Lyon & Montgomerie, 1986). Typically, juveniles display subdued coloration to reduce predation and harassment, whereas adults use vivid colors to signal reproductive readiness (Booth, 1990a). In insects, mating cues are usually chemical (Jacobson, 1972), though some exceptions exist. In diurnal Lepidoptera, for instance, visual cues are critical during early courtship (Graham et al., 1980). In holometabolous insects, pronounced morphological differences between life stages facilitate mate recognition. However, in hemimetabolous species like L. californicus, distinguishing between final instars and adults is more difficult due to similar size and shape.
Preliminary observations of L. californicus males suggest that visual cues may assist in differentiating fifth instars (shiny blue-black) from adults (black with orange markings) during mating. Males only mount other adults—persisting if the partner is female and withdrawing if male—and never mount nymphs. Their courtship behavior is highly distinctive, involving orientation, antennal waving, jumping onto the female, and rapid leg movements. Copulation is not immediate, enabling separation prior to mating.
Given that these insects do not fly and tolerate handling, they are suitable for manipulative experiments. This study tested whether males rely on dorsal color patterns when making mating decisions, evaluating the null hypothesis that color pattern does not significantly influence male behavior.
Materials and Methods
Experiments were conducted outdoors at the Main Campus Reserve of the University of California, Santa Barbara, on January 31, 1988. L. californicus specimens were collected that morning, and trials ran from 10:30 AM to 2:30 PM, aligning with peak activity. Control and experimental tests were alternated to minimize environmental variation.
Three paint treatments were used:
1. Normal – black paint and clear finish applied to the ventral side (odor control, unaltered dorsal color).
2. Clear – clear finish on the dorsum (controls for physical barrier effect).
3. Black – black paint on the dorsum to simulate the fifth instar's appearance.
Each treatment was applied to the same female to control for non-color factors (e.g., size, scent). The order of treatments was fixed due to the progressive nature of paint applications. This setup enabled a repeated measures ANOVA, testing each male with the same female under all three conditions.
The female was placed in a transparent plastic box (9 × 7 × 3 cm) after each treatment. Males were isolated in labeled Petri dishes and introduced individually into the box. Mounting time or a maximum of 270 seconds was recorded. Mating was prevented by separating pairs before genital contact. After testing all 15 males per condition, the female was repainted, and the tests repeated.
To account for potential fatigue, a separate control group of 14 males each underwent three identical trials with an unaltered female. These were interleaved with experimental trials.
Data were analyzed using StatView on a Macintosh, employing one-way repeated measures ANOVA for both experimental and control groups.
Results
No significant differences were detected in male mounting times across the three paint treatments or among the control trials (Table 1). Males mounted females with black-painted dorsums as readily as those with natural coloration.
Although the black treatment showed a non-significant increase in average mounting time and broader confidence intervals (Figure 1), this pattern was not statistically meaningful. Similarly, a slight delay was observed in the first control trial (Figure 2), but differences across control trials were not significant.
Excluding the single non-mount case (one male failed to mount within 270 seconds) did not alter the overall findings: the null hypothesis remained supported.
Discussion
Using a single female across all paint treatments ensured that non-color cues remained constant. Since male mounting behavior did not vary significantly with color alteration, males appear to rely on other indicators—possibly chemical or tactile—to assess mate suitability. The fact that males mount adults (regardless of sex) but never nymphs suggests that chemical cues may distinguish life stages, while short-range signals may differentiate sexes. Shape may also play a role, as nymphs are more spherical than adults.
Pheromonal communication is well-documented among hemipterans. For example, Nezara viridula males emit attractant pheromones, and females of Dysdercus cingulatus and Pyrrhocoris apterus (both Pyrrhocoroidea, like L. californicus) produce male-attracting compounds. While it's plausible that L. californicus females also emit pheromones, members of the Largidae family (e.g., L. cinctus) show minimal development of the metathoracic scent gland evaporative area (Schaefer, 1972), possibly limiting this form of communication. Nevertheless, visual and chemical cues may act in concert.
References
Aldrich, J. R., J. E. Oliver, W. R. Lusby, J. P. Kochansky and J. A. Lockwood. 1987. Pheromone strains of the cosmopolitan pest, Nezara viridula (Heteroptera: Pentatomidae). J. Exp. Zool. 244: 171-175.
Booth, C. L. 1990a. Evolutionary significance of ontogenetic colour change in animals. Biol. J. Linn. Soc. 40: 125-163.
Booth, C. L. 1990b. Biology of Largus californicus (Hemiptera: Largidae). Southwestern Naturalist 35: 15-22.
Fricke, H. W. 1980. Juvenile-adult colour patterns and coexistence in the territorial coral reef fish Pomacanthus imperator. Mar. Ecol. 1: 133-141.
Graham, S. M., W. B. Watt and L. F. Gall. 1980. Metabolic resource allocation vs. mating attractiveness: Adaptive pressures on the "alba" polymorphism of Colias butterflies. Proc. Natl. Acad. Sci. 77: 3615-3619.
Jacobson, M. 1972. Insect sex pheromones. Academic Press, New York.
Lyon, B. E. and R. D. Montgomerie. 1986. Delayed plumage maturation in passerine birds: reliable signaling by subordinate males? Evolution 40: 605-615.
Osmani, Z. and M. B. Naidu. 1967. Evidence of sex attractant in female Dysdercus cingulatus Fabr. Indian J. Exp. Biol. 5: 51.
Schaefer, C. W. 1972. Degree of metathoracic scent-gland development in the trichophorous Heteroptera (Hemiptera). Ann. Entomol. Soc. Am. 65: 810-821.
Werner, D. I. 1978. On the biology of Tropidurus delanonis, Baur (Iguanidae). Z. Tierpsychol. 47: 337-395.
Zdarek, J. 1970. Mating behaviour in the bug, Pyrrhocoris apterus L. (Heteroptera): ontogeny and its environmental control. Behaviour 37: 253-268.
[bookmark: _GoBack]

Figures and Table
Table 1. Results of repeated measures ANOVA comparing male mounting times across treatments.
	Treatment
	n
	Mean Time ± SEM (sec)
	No-Mounts
	F
	df
	P

	Normal
	15
	43.9 ± 10.9
	0
	
	
	

	Clear
	15
	35.4 ± 6.1
	0
	1.42
	2,28
	0.26

	Black
	15
	64.7 ± 20.5
	1
	
	
	

	Trial 1
	14
	30.4 ± 7.2
	0
	
	
	

	Trial 2
	14
	19.0 ± 3.8
	0
	1.34
	2,26
	0.28

	Trial 3
	14
	19.6 ± 5.4
	0
	
	
	



