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48 Evolutionarily labile responses to a signal
49 of aggressive intent
50 Jason A. Moretz* and Molly R. Morris
51 Department of Biological Sciences, Ohio University, Athens, OH 45701, USA

52 Males of many swordtail species posses vertical bar pigment patterns that are used both in courtship and
53 agonistic interactions. Expression of the bars may function as a conventional threat signal during conflicts
54 with rival males; bars intensify at the onset of aggression and fade in the subordinate male at contest’s
55 end. We used mirror image stimulation and bar manipulations to compare the aggressive responses of
56 the males of four swordtail species to their barred and barless images. We found that having a response
57 to the bars is tightly linked to having genes for bars, while the nature of the response the bars evoked
58 varied across species. Specifically, we report the first known instance where closely related species exhib-
59 ited differing and contradictory responses to a signal of aggressive motivation. Demonstrating that a signal
60 conveys the same information across species (aggressive intent) while the response to that information
61 has changed among species suggests that the nature of the responses are more evolutionarily labile than
62 the signal.

63 Keywords: aggression; conventional signals; Xiphophorus; signal–receiver coevolution
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66 1. INTRODUCTION

67 Historically, animal communication and signal design
68 have been of great interest to biologists, and much
69 research has been focused on the types of signals and the
70 role of signals in aggression and conflict resolution (Parker
71 1974; Maynard Smith 1982; Enquist 1985). Research has
72 demonstrated that a variety of factors can influence a sig-
73 nal’s design such as its physical properties relative to that
74 of its surroundings, its intended audience and other social
75 factors (Endler 1992; Bradbury & Vehrencamp 1998). In
76 particular, the response of the receiver should be an
77 important selective force acting on signal design and use.
78 For a signal to be perpetuated, there needs to be coordi-
79 nation between both the signal and receiver, and as such,
80 coevolution between signal and receiver (Alexander 1962;
81 Butlin & Ritchie 1989; Morris & Ryan 1996) as well as
82 the behaviours that link them (Endler 1992). However,
83 the coevolution of signal and receiver response has not
84 always been detected (McKinnon & McPhail 1996;
85 Ryan & Rand 1998; Quinn & Hews 2000), some of which
86 is attributable to differences between sexes (Searcy &
87 Brenowitz 1988; Morris & Ryan 1996). For example,
88 Quinn & Hews (2000) reported behavioural responses to
89 an abdominal patch by males of one species of Sceloporus
90 lizard, even though this signal has been evolutionarily lost
91 in this species. Comparative studies of signal and receiver
92 coevolution can be used to reveal the degree to which the
93 signal or the response to that signal can evolve indepen-
94 dently, indicating which component is more likely to be
95 under selection outside of the communication system.
96 We were interested in examining the evolutionary
97 congruence between a sexually selected signal and male
98 response to that signal. The signal of interest was vertical
99 bars (Gordon 1931; Atz 1962), a pigment pattern found
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100throughout swordtails (figure 1) and platyfishes
101(Xiphophorus) and in other poeciliid fishes (e.g. Heterand-
102ria, Phallichthys). The inheritance of the barring pattern is
103polygenic for male X. multilineatus (Zimmerer & Kallman
1041988), a species in which the bars function to deter rival
105males from territories and attract females (Morris et al.
1061995). Males with bars have the ability to intensify their
107bars or suppress their expression. During aggressive
108encounters, the bars of X. multilineatus males intensify at
109the onset of the interaction and in conjunction with other
110cues, fade in the subordinate male at contest’s end
111(Zimmerer & Kallman 1988). Thus, expression of the bars
112signals aggressive intent in this species and vertical bars
113are known to indicate aggression in other fish species as
114well (Hurd 1997a). For vertical bars to function as a con-
115ventional threat display (Dawkins 1993), the only cost of
116the signal would be the need to back up the signal with
117aggression. While this may be the case, the cost of the bars
118in relation to predation has not been examined. It is also
119possible that the bars aid in size assessment, as the number
120of bars (X. multilineatus, Zimmerer & Kallman 1988) and
121the total pigment area (X. cortezi, Morris et al. 2001a) are
122both correlated with male size in some species.
123We compared the context in which males express their
124bars as well as the response the bars evoke in male–male
125interactions across four species of swordtail fishes. Specifi-
126cally, we wanted to determine if:

127(i) 128expression of the bars is a good indicator of male
129aggression across species;
130(ii) 131whether or not the response to the bars is correlated
132with having this pigment pattern; and
133(iii) 134if the aggressive responses, when present, are the
135same across species.

136Previous studies that used live males as stimuli in contests
137(Morris et al. 1995; Morris & Ryan 1996) determined that
138X. multilineatus males responded with decreased
139aggression towards males with bars as compared to males
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635 Figure 1. The male trait vertical bars mapped onto the Rauchenberger et al. (1990) tree using parsimony. White lines/boxes,
636 no bars; black lines/boxes, bars; shaded lines/boxes, polymorphic. The box above the tree summarizes the responses of male
637 swordtail (Xiphophorus) fishes to the vertical bars (this study, Morris et al. 1995). Black boxes indicate barred male responses
638 while white boxes indicate barless male responses to either bars (black boxes) or no bars (white boxes). ‘None’ indicates no
639 difference in response; ‘na’ indicates that this state is not present in a particular species; ?? indicates that the response is not
640 known.

140 without bars, but a response to vertical bars was absent in
141 the sister species that lacks bars (X. nigrensis). In the cur-
142 rent study, we retest X. multilineatus and X. nigrensis males
143 for response to the bars, but use mirror tests rather than
144 live males. By retesting these two species we can deter-
145 mine if the mirror tests give the same results as tests using
146 live males. We also examine the response to the bars in
147 the smallest size class of X. multilineatus males that do not
148 have bars, which has not been previously examined.
149 Responses to the bars for males in this size class will be
150 particularly interesting because even though these small
151 males possess genes for vertical bars, their expression is
152 inhibited by a suppressor gene (Zimmerer & Kallman
153 1988). Finally, we examine and compare the responses to
154 the bars in two additional species that are also closely
155 related (figure 1; Rauchenberger et al. 1990; Morris et al.
156 2001b); X. birchmanni, in which all the males have bars,
157 and X. cortezi in which there is a polymorphism in males
158 for bars that is not correlated with size. The inclusion of
159 these two additional species in our analysis allows us to
160 determine if the response to the bars is uniform over a
161 larger representative sample of swordtail species. In
162 addition, we can determine the direction of the responses
163 (increased or decreased aggression) by comparing the level
164 of male aggressive response to that of the most closely
165 related species tested.
1
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1662. MATERIAL AND METHODS

167(a) Study species
168We collected adult males of four swordtail species from the
169Rio Panuco Drainage, Mexico. Xiphophorus cortezi (n = 17,
170x̄ = 38.8 mm, s.d. = 3.5) males were collected from the Rio Axtla
171in San Luis Potosi, Mexico. Xiphophorus multilineatus (n = 12,
172x̄ = 35.2 mm, s.d. = 4.4) males were collected from the Rio Coy
173and Xiphophorus nigrensis males (n = 12, x̄ = 33.8 mm,
174s.d. = 4.9) were collected from the Rio Choy, also both in San
175Luis Potosi, Mexico. Xiphophorus birchmanni males (n = 13,
176x̄ = 45.2 mm, s.d. = 6.2) were collected from the Rio Xiliatl in
177Hidalgo, Mexico. Upon return to the laboratory, the males were
178measured (standard length, SL) and individually housed in 25 l
179aquaria that were visually isolated from one another. As fishes
180were possibly involved in male–male interactions before being
181collected, we allowed the males to acclimate for two weeks
182before testing began to control for the influence of recent learn-
183ing experiences. This is sufficient time to remove the effects of
184prior encounters (J. A. Moretz and M. R. Morris, unpub-
185lished data).
186The four species differ with respect to whether or not males
187possess the vertical bar pigment pattern (figure 1). All X.
188birchmanni males have the vertical bars while all X. nigrensis are
189barless. Males of X. cortezi and X. multilineatus are polymorphic
190for this trait. In X. multilineatus, only the smallest males lack the
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191 bars. Zimmerer & Kallman (1988) demonstrated that while
192 males in the smallest size class carry genes for bars, the bars are
193 suppressed by a gene on the Y chromosome. In X. cortezi, the
194 presence or absence of bars is not related to male size. Of the
195 males used in this study, nine out of the 17 X. cortezi males were
196 barless (mean SL barless males = 37.3 mm, s.d. = 3.6; mean SL
197 barred males = 40.4 mm, s.d. = 2.7; t = �2.01, p = 0.06) and
198 only the four smallest males lacked bars in X. multilineatus
199 (mean SL of barless males = 30.6 mm, s.d. = 4.5, mean SL of
200 barred males = 37.8 mm, s.d. = 1.7; t = �3.95, p = 0.003).

201 (b) Experimental design
202 Standard mirror image stimulation (MIS) tests were used to
203 determine the function of the bars by measuring the response
204 of each male to both his barred and barless image. The testing
205 procedure consisted of attaching a mirror to one end of an indi-
206 vidual’s tank and recording the number of displays and the num-
207 ber of bites directed at the mirror image over a period of 5 min.
208 The interaction time was defined as the time that an individual
209 interacted with his mirror image by displaying, biting or swim-
210 ming back and forth in front of his image. The interaction time
211 also included the time that an individual simply faced the image
212 within the distance of 10 cm to the mirror, approximately one-
213 quarter of the total length of the tank. Displays were of two
214 types; either a lateral orientation of the body while quivering or
215 in a vertical headstand position. These display types are com-
216 mon in actual confrontations (J. A. Moretz and M. R. Morris,
217 personal communication). The tests were repeated for each male
218 one week later.
219 After the initial two mirror tests, we performed a series of
220 manipulations. For those males with bars, we removed the bars
221 by freeze branding (Raleigh et al. 1973) after anaesthetizing the
222 fishes with MS-222. Temporary bars were applied to barless
223 males using antiseptic dye (Hoefler & Morris 1999). In both
224 cases control subjects were used to ensure that the procedures
225 themselves were not altering the behaviours or compromising
226 the health of the fishes; barless males were painted with water
227 to control for handling and barred males were freeze branded
228 between their bars. In addition, previous studies have demon-
229 strated that neither technique harms the fishes nor otherwise
230 alters their behaviours (Morris et al. 1995; Hoefler & Morris
231 1999). Two sets of mirror tests were again conducted with the
232 naturally barred males once their bars had faded (typically two
233 weeks). During this time, the mirror tests were also repeated for
234 the naturally barless males, 30 min after being painted.
235 We used a repeated measures ANOVA to compare the
236 response of individuals to their barred and unbarred images. To
237 determine if the time span between the first and second mirror
238 tests, as well as between the third and fourth mirror tests, did
239 not introduce variation into a male’s response, we calculated the
240 repeatability (Becker 1984; Lessells & Boag 1987) using the
241 between and within group variance from a one-way ANOVA to
242 ensure the reliability of this procedure.

243 3. RESULTS

244 The responses of males to their own images in the mir-
245 ror tests were consistent in all four species examined, as
246 repeatabilities tended to be high for the pre-manipulation
247 and post-manipulation scores (table 1). While results pro-
248 duced from MIS methods have been criticized in studies
249 that relate MIS scores to dominance resulting from dyadic
250 contests (Ruzzante 1992; but see Holtby 1992), one of
1
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251the useful properties of MIS is that it provides perfect and
252instantaneous feedback without the confounding factors
253that can result from using live fishes as stimuli (Rowland
2541999). Our measures were repeatable between testing per-
255iods, indicating that the MIS method used in this study
256was both appropriate and reliable.
257All naturally barred individuals expressed their bars in
258the mirror tests. Out of the eight naturally barred X. cortezi
259males, only one failed to bite at his barred mirror image.
260The same was true of X. multilineatus, with one male of
261the eight not biting at his mirror image. All X. birchmanni
262males bit at their unmanipulated, barred mirror image.
263For all three species with naturally occurring bars, males
264intensified their bars before biting at their mirror images.
265Therefore, in the context of these tests, the expression of
266the bars is a good indicator of intention to bite for males
267that have bars in the three barred species. These results
268match what has been observed in actual male–male con-
269tests (Moretz & Morris 2003).
270The interaction time did not differ for any of the species
271when presented with their barred versus their barless
272images (X. birchmanni, F3,51 = 1.22, p = 0.32; X. cortezi,
273F3,67 = 0.93, p = 0.44; X. multilineatus, F3,47 = 2.16,
274p = 0.11; X. nigrensis, F3,47 = 1.67, p = 0.19) nor was there
275a difference across species in interaction time (F9 = 1.27,
276p = 0.27), and as such interaction times were not used in
277additional analyses. However, the aggressive responses to
278the bars did vary across species (table 1, figure 2).
279Xiphophorus nigrensis males did not bite more (F3,47 = 0.33,
280p = 0.82) or display more (F3,47 = 1.09, p = 0.37) at their
281barred image as compared to their barless image. Xiphoph-
282orus multilineatus males as a whole bit more at their barless
283images (figure 2; F3,47 = 9.49, p � 0.0005). These results
284were similar to those previously detected in studies that
285tested a smaller male in contests with a pair of larger males
286matched for size, one with bars and one without (Morris
287et al. 1995; Morris & Ryan 1996). This suggests that the
288results of the mirror tests are comparable to the response
289of males in contests with live males. The response to the
290bars (number of bites) in X. multilineatus was similar for
291both the naturally barred males (figure 3; F3,31 = 6.68,
292p = 0.002) and the smaller, naturally barless males (figure
2933; F3,15 = 4.39, p = 0.036). Xiphophorus multilineatus males
294as a whole also displayed more at their barless images
295(F3,47 = 6.61, p = 0.001). However, there was a difference
296between naturally barred males and naturally barless
297males in the use of displays; naturally barred males dis-
298played more at their barless image (F3,31 = 10.02,
299p � 0.0005) while the smaller, naturally barless males
300showed no difference in the number of displays at their
301barred versus barless image (F3,15 = 0.59, p = 0.64). As a
302whole, X. cortezi males did not bite more or less at their
303barred versus their barless mirror images (figure 2;
304F3,67 = 0.50, p = 0.68) and this trend continued for nat-
305urally barless males (figure 3; F3,35 = 0.09, p = 0.97). How-
306ever, naturally barred males did exhibit a difference, biting
307more at their barless images (figure 3; F3,31 = 3.20,
308p = 0.044). As a group, X. cortezi males did not differ in
309the number of displays directed at either their barred or
310barless images (F3,67 = 1.03, p = 0.39) and this trend con-
311tinued for both naturally barred (F3,31 = 1.93, p = 0.16)
312and naturally barless males (F3,35 = 1.48, p = 0.24).
313Xiphophorus birchmanni males exhibited the opposite
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664 Table 1. Mean displays (dx), mean bites (bx) and repeatabilities (r) for males of four swordtail species for both pre- and post-
665 manipulation MIS trials.
666 (The parentheses indicate the standard error of the mean for each test.)667

671675
679

pre-manipulation post-manipulation683

686689
692

species mean displays r mean bites r mean displays r mean bites r702

712722
732

Xiphophorus d1 = 6.9 (1.8) b1 = 27.6 (6.2) d1 = 10.5 (1.7) b1 = 5.8 (1.6)
birchmanni743

all barred d2 = 4.9 (1.1) 0.56 b2 = 26.2 (3.8) 0.73 d2 = 11.2 (1.4) 0.53 b2 = 6.4 (2.1) 0.62753

763

X. cortezi773

barred d1 = 5.1 (1.3) b1 = 16.3 (4.8) d1 = 3.6 (1.4) b1 = 22.3 (5.3)783

d2 = 5.3 (0.7) 0.59 b2 = 20.4 (6.1) 0.90 d2 = 3.8 (0.6) 0.57 b2 = 25.6 (5.2) 0.89793

barless d1 = 5.4 (0.9) b1 = 29.4 (4.9) d1 = 6.2 (1.2) b1 = 30.6 (5.5)803

d2 = 5.6 (1.1) 0.55 b2 = 31.9 (7.1) 0.70 d2 = 5.8 (0.7) 0.51 b2 = 33.1 (5.5) 0.61813

823

X. multilineatus833

barred d1 = 1.0 (0.7) b1 = 9.9 (3.5) d1 = 5.0 (1.2) b1 = 19.1 (3.0)843

d2 = 1.0 (0.6) 0.88 b2 = 10 (3.5) 0.88 d2 = 4.9 (1.2) 0.90 b2 = 15.8 (2.0) 0.56853

barless d1 = 4.3 (1.4) b1 = 17.8 (7.9) d1 = 2.2 (2.2) b1 = 7.3 (3.1)863

d2 = 2.3 (1.3) 0.67 b2 = 23.3 (8.6) 0.93 d2 = 2.5 (1.4) 0.81 b2 = 7.0 (3.2) 0.57873

883

X. nigrensis d1 = 4.1 (1.1) b1 = 17.4 (4.7) d1 = 4.3 (2.9) b1 = 15.8 (4.5)893

barless d2 = 3.6 (0.7) 0.78 b2 = 17.8 (4.9) 0.84 d2 = 5.0 (2.2) 0.57 b2 = 16.8 (4.7) 0.91903

913
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646 Figure 2. Mean number of bites by males of four swordtail
647 species during five minute MIS trials. p-Values were
648 calculated from repeated measures ANOVA. The error bars
649 indicate the standard error.

314 response to the bars as measured by number of bites as
315 compared to X. multilineatus males and X. cortezi barred
316 males, biting more at their barred image as opposed to
317 their barless image (figure 2; F3,51 = 15.74, p � 0.000 01).
318 However, the number of displays X. birchmanni males
319 directed at their mirror image was greater when faced with
320 their barless images as compared to their barred images
321 (F3,51 = 7.84, p = 0.0004). Comparing the level of
322 aggression X. multilineatus and X. birchmanni males
323 directed at their barless versus barred image to the overall
324 aggressive level of their closest relatives tested in this
325 study, suggests that X. multilineatus has decreased
326 aggression towards bars while X. birchmanni has decreased
327 aggression towards barless individuals (figure 2).
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655Figure 3. Mean number of bites by males of two swordtail
656species during 5 min MIS trials. Individuals have been
657separated into two groups for each species; naturally barred
658males and naturally barless males. p-values were calculated
659from repeated-measures ANOVA. The error bars indicate
660the standard error.

3284. DISCUSSION

329The vertical bar pigment pattern is used as a threat sig-
330nal by all the males that had bars in the species of sword-
331tail fishes that we tested. All males expressed their bars
332before biting at their mirror image. Thus, like the auditory
333conventional signalling of the banded wren (Molles &
334Vehrencamp 2001), expression of the bars in swordtails is
335likely to convey short-term information such as motiv-
336ation, intention and immediate condition. However, the
337vertical bars should not be considered a ‘badge of status’
338or a performance signal (Hurd 1997b) as the bars are not
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339 correlated with dominance or fighting ability and are able
340 to be intensified by all barred males, regardless of size or
341 status. Instead, the expression and intensification of the
342 bars appears to indicate aggressive motivation in the pres-
343 ence of rival males, and is tightly correlated to having a
344 genotype for bars, even while the nature of the response
345 varies dramatically across species.
346 By comparing the response of males to their images with
347 and without bars, we could determine if males responded
348 with more aggression, less aggression or were equally
349 aggressive towards individuals with bars as compared to
350 individuals without bars. While comparisons within a
351 species allow us to determine if males respond to the bars
352 or not, it is not possible to know if the response represents
353 an increase in aggression towards one state or a decrease
354 to the other without a comparison across related species.
355 By comparing the response to an image without bars by
356 X. multilineatus males to the overall aggression in X.
357 nigrensis, and the response to an image with bars by X.
358 birchmanni males to the overall response in X. cortezi, it is
359 possible to determine that X. multilineatus and X.
360 birchmanni have reversed their responses to the bars; X.
361 multilineatus has reduced aggression towards males with
362 bars, while X. birchmanni has reduced aggression towards
363 males without bars, attacking their barred image with high
364 levels of aggression. We were unable to find other
365 examples in the literature of closely related species exhibit-
366 ing opposite responses to a signal which appears to convey
367 the same information and suggest that these results dem-
368 onstrate that the nature of the response is controlled by
369 a mechanism that is more evolutionarily labile than the
370 relationship between owning the signal and male response.
371 One of the most stunning results was the polymorphic
372 response exhibited by X. cortezi males. In this species there
373 are both barred and barless morphs in the population and
374 the presence or absence of bars is not related to body size.
375 From our collection records it appears that these two
376 morphs occur in nature with approximately the same fre-
377 quency (n = 68, frequency of barred = 52%). Males with-
378 out bars did not respond to the bars while barred males
379 responded with decreased aggression. There are at least
380 two hypotheses to explain the differences in response
381 between the two morphs. The first focuses on the barless
382 males. It is possible that barless males were not selected
383 to ignore the signal per se, but that the response was lost
384 because it was tightly correlated with the signal and there
385 was selection to lose the signal. Evidence from the current
386 study supports such a tight correlation between male
387 response and the bars. In addition, Morris et al. (2003)
388 found a similar type of relationship between females with
389 bars and their preference for the bars, suggesting that
390 there may be a genetic correlation between response and
391 trait for both males and females. But more importantly,
392 evidence for selection to lose the bars has also been
393 detected in this species. Morris et al. (2003) demonstrated
394 that females of this species are polymorphic in their
395 response to the bars, some females preferring males with
396 bars and some females preferring males without bars. The
397 polymorphism in female preference for the bars could be
398 maintaining the polymorphism in males through fre-
399 quency-dependent sexual selection. The second hypoth-
400 esis focuses on the barred males. Data presented here
401 (figure 3), as well as additional data from staged contests
1
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402(Moretz 2003; Moretz & Morris 2003), indicate that not
403only are barless males more aggressive than barred males
404but that barless males consistently win contests over
405barred males of the same size. It is possible that barred
406males have been selected to maximize aggression when-
407ever facing a barless opponent to compensate for the com-
408petitive advantage and higher aggression levels exhibited
409by barless males.
410In X. multilineatus both the naturally barred and barless
411males responded to the bars with reduced aggression. On
412the surface, these results do not appear to support the pat-
413tern found across the other species, in which response to
414the bars is tightly correlated with having the bars. How-
415ever, Zimmerer & Kallman (1988) have demonstrated
416that the smaller males in X. multilineatus do possess genes
417for bars, but do not express bars owing to a suppressor
418gene. Therefore, the fact that the small barless males in
419X. multilineatus do respond to the bars not only fits the
420overall pattern that bars and response are correlated, but
421suggests that it is the genotype for bars, and not the
422phenotype itself, that is correlated with response to bars.
423While X. birchmanni males fit the pattern of bars and
424response to bars being correlated, the nature of their
425response to the bars was reversed to that detected in males
426of the other species with bars; instead of having a response
427of reduced aggression towards barred individuals, X.
428birchmanni males reduce their aggression towards barless
429individuals. This change in the nature of the response to
430the bars has occurred between very closely related species
431(figure 1) even though the way in which the signal is used
432has remained the same. Expression of the bars in X.
433birchmanni is clearly a threat signal in that all males that
434expressed their bars bit at their mirror image. The
435response to a threat signal is expected to be reduced
436aggression, as males can use this signal to avoid the costs
437of a fight (Maynard Smith & Price 1973; Maynard
438Smith & Parker 1976). Compared to the males with bars
439in X. cortezi, X. birchmanni males were relatively more
440aggressive towards bars compared to no bars, which is
441likely to mean more fights, as males express their bars
442more often than not in the field (M. R. Morris, personal
443communication). In addition, fights between live males in
444X. birchmanni include more aggressive behaviours
445(Moretz & Morris 2003) than in X. cortezi. One expla-
446nation for these results is that selection to reduce the num-
447ber and cost of fights seems to be less in X. birchmanni
448than in other species, which could suggest that costs exter-
449nal to the fights themselves, like the probability of pre-
450dation, may be lower in X. birchmanni than in the other
451species.
452In X. birchmanni, it appears that the vertical bars are a
453typical example of a conventional signal; the signal itself
454is not costly nor is it indicative of an individual’s strength,
455yet there are indirect costs of expressing the bars, as the
456bars are more likely to incite rather than reduce aggression
457in this species. In fact males in this species may be able
458to avoid physical conflicts with other males by suppressing
459their bars. Recall that in the MIS tests, X. birchmanni
460males displayed more and bit less at their barless images,
461suggesting that males are more likely to escalate when
462faced with an opponent that is willing to escalate. Thus,
463contests may be avoided if males only express their bars
464when heightened levels of aggression are necessary (e.g.
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465 when two closely matched males encounter one another).
466 By contrast, the same costs associated with signalling and
467 increased aggression do not seem to apply to males of X.
468 cortezi and X. multilineatus; the signal reduces the number
469 of bites in both species (only barred males in X. cortezi).
470 In fact, in the context of aggression only, it would seem
471 that in these species not expressing the bars is more costly
472 than expression of the bars because opponents are likely
473 to respond with increased aggression to an individual that
474 has suppressed this signal in the absence of other context-
475 specific (i.e. subordinate) cues.
476 While we treat the congruence of trait and response as
477 a correlation with a genetic basis, it may be argued that
478 other factors may be responsible for the observed patterns.
479 It is possible for example, that because males were wild
480 caught, some of our observations were the result of
481 learned experiences. We believe this to be unlikely for sev-
482 eral reasons. First, this would require that our sampling
483 of individuals was biased in such a manner that both
484 within and across species we collected a disproportionate
485 number of experienced versus inexperienced males (or
486 vice versa). While it is impossible to know the experience
487 levels of the males we collected, our records indicate that
488 the individuals used in this study were representative of
489 the natural populations both in terms of their size ranges
490 and the proportion of barred and barless individuals.
491 Thus, biased sampling is unlikely. Second, the males were
492 isolated for a sufficient length of time to account for recent
493 experiences occurring before testing (J. A. Moretz and
494 M. R. Morris, unpublished data). Finally, measures of
495 MIS repeatability were high for all four species both before
496 and after the bar manipulations. Thus, even between MIS
497 tests there was no evidence that learning affected how each
498 species responded to their mirror images.
499 In conclusion, our comparative study has revealed a
500 tight correlation between male response and the signal
501 vertical bars both across and within four species of sword-
502 tail fishes. The fact that this trait may be genetically corre-
503 lated with having a response to the trait supports
504 communication theory, suggesting that the coordination
505 between signal and receiver was at some point very
506 important in the evolution of this signal. However, the
507 change in the direction of the response to this signal within
508 one of the species examined suggests that given changes
509 in the selective regime of the communication system, the
510 direction of the response to the signal is more evol-
511 utionarily labile and therefore more likely to respond to
512 those changes than the use of the signal itself.
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