Anna Kawamoto 
  
Jean-François Le Galliard 
  
Arnaud Badiane 
  
  
The role of social costs as a mechanism enforcing the honesty of ultraviolet signals in a 2 lizard

Keywords: 

may come    

The role of social costs as a mechanism enforcing the honesty of ultraviolet-reflecting signals in a lizard

In control interactions, males with a higher aggression score (calculated with the first set of 364 coefficients) had a significantly higher bite force ( = 0.29 ± 0.11, p = 0.010). This result was 365 corroborated when we used both alternative aggression scores. In addition, focal males were 366 more submissive (submission score calculated with the first set of coefficients) against 367 opponents with a high throat spectral intensity ( = 0.28 ± 0.12, p = 0.023). When we used the 368 two alternative versions of the aggression score, however, none of the predictors were 369 significant. We also found that males with a higher bite force tended to spend more time on 370 the basking spot than males with lower bite force ( = 0.31 ± 0.16, p = 0.059). Focal males 371 spending more time performing wall-scratching behaviours had higher throat spectral 372 intensity ( = 0.47 ± 0.17, p = 0.006). Statistics are fully reported in Supp. Info. S2. When we 373 included trial order as fixed instead of random factor, all the above results were qualitatively 374 similar, and we found that the submission score was lower during the third trial than during 375 the first ( = -0.55 ± 0.19, p = 0.017), the second ( = -0.92 ± 0.25, p = 0.002), and the fourth 376 trial ( = -1.19 ± 0.27, p < 0.001).

377 Discussion 378 Our results revealed partial evidence that socially imposed costs may enforce the honesty of 379 UV-reflecting signals in male common lizards Z. vivipara. In support of the hypothesis of 380 social costs, focal males were more aggressive against large UV-reduced cheaters than against 381 large honest opponents, and were less submissive against small UV-enhanced cheaters than 382 against small honest opponents. However, inconsistently with this hypothesis, focal males 383 were not more aggressive against small UV enhanced cheaters than against small honest 384 opponents and were more submissive against large UV-reduced cheaters than against large 385 honest opponents. In addition to this, our analyses excluding manipulated males indicated that 386 male bite force is an important predictor of male contest outcome. We provide partial evidence that the UV components of the UV-reflecting throat of common 389 lizards may function as conventional signals enforced by male-induced social costs. The story 390 becomes more complex than expected when we examine the aggression and submission 391 scores. On one hand, large males with UV-reduced throats received more aggressions but also 392 triggered more submissive behaviours in focal males. This result suggests that, for large 393 males, downplaying UV signals is costlier than being honest since these large UV-reduced 394 cheaters are more likely to be challenged by the smaller focal males. When the focal males 395 challenge the large cheaters, the latter may retaliate since, after all, they are larger and more 396 likely to win fights, and focal males end up being more submissive. Hence, under this 397 scenario, what seemed to be a contradictory result at first glance may in fact be coherent and 398 support the idea that UV signals function as conventional signals in this species. Although 399 large males pose a serious threat to smaller males, if a large male signals low condition, it 400 may pay-off for smaller males to challenge this large male and gain a fitness advantage (e.g. 401 access to resources and/or females). Unexpectedly, small UV-enhanced cheaters did not 402 receive more aggression from the focal males compared to their honest counterparts.

403 However, that focal males behaved less submissively against small cheaters aligns with the 404 predictions of a conventional signal hypothesis.

405

In the case of conventional signals, social costs are either imposed to individuals that 406 signal above a given threshold intensity or penalize the mismatch between the sender's quality 407 or behaviour and its signalling level. Signal honesty can therefore be maintained only if these 408 costs exceed the benefits of cheating [START_REF] Searcy | The evolution of animal communication: reliability and 679 deception in signaling systems[END_REF]Bradbury & Vehrencamp, 409 2011). However, some degree of deception may still arise and pay off as long as the signal 410 remains honest to some degree [START_REF] Adams | The cost of threat displays and the stability of 518 deceptive communication[END_REF][START_REF] Carazo | Communication breakdown': The evolution of signal 552 unreliability and deception[END_REF].

411 Individuals can either be exclusively honest or exclusively dishonest, or switch from one 412 strategy to another according to the situation they find themselves into, depending on whether Reflectance spectra resulting from the different UV treatments of our experimental UV treatments applied on a single individual so that the spectral variations represented are only due to the experimental treatments.

Small cheaters were UV-enhanced using a light orange marker pen. Small honest males were not manipulated. Large cheaters were UV-reduced using a mix of UV-blocking inorganic agents and a fat solution. Large honest males were treated with a fat solution only. 

  Violin plots including the mean and standard errors of the aggression score (A) and the submission score (B) of focal males according the opponent body size and UV treatment. Aggression and submission scores were calculated by adding the aggressive and submissive behaviours, respectively, weighted by their coefficient (coef.1 from table 1). UV signals were reduced in large cheaters but enhanced in small cheaters. Levels of significance are indicated (p < 0.05 *, p < 0.01, **, p < 0.001 ***The role of social costs as a mechanism enforcing the honesty of ultraviolet signals in a lizard 19 the AICc, and the weight of each one of the best models.

  

Table S3 .

 S3 TableS3summarises the 20 conditional model averaging and indicates the estimates ± the adjusted standard error and the 21 p value of each predictor. When the predictor Null is indicated, it corresponds to the null 22 model in which no predictors were added. These models were in the form response ~ Conditional model-averaged coefficient ( ± se), p-value, and sum of weights (sw) 29 for each predictor and response variable.

	23 predictors + random intercept factors. Random factors were always ID of the focal male and
	24 trial order.				
	25				
	26 Table S2. Best models for each response variable.			
	Response	Predictors	AICc	AICc	Weight
		Bite Force	374.07	0.00	0.16
	Aggression	Bite Force + UV chroma	375.30	1.23	0.09
	score	Bite Force + Opponent UV intensity	375.61	1.44	0.08
		Bite Force + UV intensity	375.71	1.64	0.07
		Null	377.81	3.74	0.02
	Submission	Opponent UV intensity	348.57	0.00	0.23
	score	Opponent UV intensity + UV intensity	350.36	1.78	0.09
		Null	354.55	5.98	0.01
		Opponent UV chroma + Bite Force	154.89	0.00	0.09
		Opponent UV chroma + Bite Force + UV intensity	155.62	0.73	0.06
		Bite Force	155.72	0.83	0.06
	Basking duration	Bite Force + Opponent Body Size	156.16	1.28	0.05
		Bite Force + UV intensity	156.24	1.35	0.05
		Bite Force + Opponent Body Size + UV intensity	156.77	1.89	0.04
		Opponent UV chroma	156.85	1.96	0.03
		Null	157.20	2.32	0.03
	Wall-scratching	UV intensity Opponent Body Size + UV intensity	136.69 138.05	0.00 1.36	0.18 0.09
	duration	UV chroma + UV intensity	138.27	1.58	0.08
		Null	140.44	3.75	0.03
	27				
	28				

both sexes having multiple sexual partners[START_REF] Laloi | Multiple paternity in 608 clutches of common lizard Lacerta vivipara: Data from microsatellite markers[END_REF][START_REF] Fitze | Conflict over 24 563 multiple-partner mating between males and females of the polygynandrous common lizards[END_REF]. Adult males

All continuous variables assuming a Gaussian distribution were centred and scaled prior to

analyses to ease result interpretations[START_REF] Schielzeth | Simple means to improve the interpretability of regression coefficients[END_REF].
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