
subsequent induction of p34Cd/c2, but 
p34CY/c2 expression was not required for 
induction of c-myb or c-myc; the inhibition 
of p34Cd/c2 expression with antisense oligo­
mers did not affect induction of either 
proto-oncogene. Thus, p34CY/c2 expression 
occurs relatively late in the sequence of G\-S 
control genes, subsequent to the induction 
of c-myb and c-myc. These results suggest 
that some of the known requirement for c-
myc and c-myb for the G r S transition in 
lectin-stimulated T cells (16) could be medi­
ated through induction of p34Cd/c2, because 
reduction of p34Cd/c2 expression, either di­
rectly by antisense cdc2 oligomers or indi­
rectly by blocking either c-myc or c-myb 
induction, produces equivalent inhibition of 
DNA synthesis. The observed degree of 
inhibition of p34Cd/c2 expression after treat­
ment of cells with antisense c-myb or c-myc 
could, by itself, be sufficient to block cells at 
G\-S. However, c-myb and c-myc likely regu­
late the expression of many genes in G\ and 
may control several parallel events that are 
also required for the G r S transition. 

Our antisense oligomer experiments indi­
cate that p34Cd/c2 is not likely to have a 
regulatory function at G0-Gi in lectin-acti­
vated T cells. The small amount of p34Cd/c2 

present in resting T cells may be characteris­
tic of G0 cells, and a similar finding has also 
been reported for serum-starved fibroblasts 
(4) and quiescent baby rat kidney cells (23). 
It is possible, however, that p34CY/c2 plays 
some role in G0 cells, because expression of 
cdc2 has been described in nonproliferating 
brain cells (22). 

Finally, it is worth considering that aber­
rant expression of c-myc and c-myb in hema­
topoietic cells can result in leukemia and that 
loss of expression of Rb is associated with 
transformation of many cell lineages, includ­
ing T cell leukemia (24). It is therefore 
possible that p34CY/c2 itself or regulators of 
p34Cd/c2 function at G r S could contribute to 
transformation of hematopoietic cells. 
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stress the coevolution of a female preference 
and a male trait have dominated theoretical 
and empirical treatments (2, 3). Few data 
have been produced that support one of 
these models to the exclusion of another, 
and alternative, testable models have been 
proposed [see (4) for review]. A non-coevo-
lutionary explanation for the evolution of a 
female preference and a male trait proposes 
that biases in the female sensory or cognitive 
system, or both, arise and increase to a high 

Female Preference Predates the Evolution of the 
Sword in Swordtail Fish 

ALEXANDRA L. BASOLO* 

The study of female preferences and the evolution of male traits has until recently 
centered on genetic coevolutionary mechanisms. An alternative mechanism posits that 
a preference results from a preestablished bias in the female information-processing 
system arising from sources independent of sexual selection. Male traits then arise that 
are selected by this preexisting preference. The genus Xiphophorus consists of swordless 
platyfish and swordtails. Swordlessness is the primitive state. In this study, female 
platyfish, X. tnaculatus^ were found to prefer conspecific males with artificial swords 
over those without swords, despite evidence that the common ancestor of platyfish and 
swordtails was swordless. These results suggest that the evolution of the sword in the 
swordtail clade was a consequence of selection arising from a preexisting bias. 
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frequency, o r  fixation, for reasons i11depe11- 
dent of sexual selection (5-9). Subsequently, 
the evolution of male traits occurs when a 
~lenlly arisen trait "exploits" preexisting bias- 
es in females. Thus, a preexisting bias in the 
female informatio~l-processi~lg system, re- 
sulting from evolutionanr processes inde- 
pendent of sexual selection, is present before 
the appearance of the male trait. Unlike 
models based on  coevolutionary processes, a 
preexisting bias model does not require fe- 
male preference to  evolve because of sexual 
selection, nor does it require the coevolution 
of the preference and trait. However, after 
the male trait arises and is selected by the 
preexisting bias, other sources of selection 
may act i11 conjunction to further elaborate 
or rnodifv the expression of  the preference 
and the trait. 

T o  demonstrate that preexisting biases 
have resulted i11 the evolution of a male trait, 
three criteria should be met. First, it must be 
established that in species i11 which the trait 
is present, there is female choice based on  
variation (either natural o r  artificial) i11 the 
trait (10). Second, it must be established 
that the absence of the male trait is the 
ancestral state \\,ithi11 a clade. Third, it 
should be established that in a species hav- 
ing the primitive state, females prefer the 
male trait even though it was not generally 
present in the evolutionary history of the 
species. In this report, I address these crite- 
ria and present data that are consistent with 
a preexisting bias model for the evolution of 
the sword in the genus Xiphophorus. 

Xiphophonrs is a genus of small, freshwater 
fish in the live-bearing family Poeciliidae of 
Central America. The genus i~lcludes the 
platyfish, which are primarily swordless, and 
the swordtails, males of nlhich typically have 
a sword, a colored extension of the lo\ver 
margin of the caudal fin (1 1, 12). The sword 
does not develop until sexual maturity, at 
which time the rays at the base of the caudal 
fin begin to  lengthen in males and acquire a 
border of black coloration. Swordlessness is 
considered t o  be the ancestral state for the 
genus (Fig. 1).  I have sho\vn that female 
green s\vordtGls, X .  helleri, prefer males with 
longer swords (13). The preexisting bias 
model predicts that male traits arise and are 
favored by preestablished preferences. If this 
is true, females in a closely related, s\vordless 
species such as X .  tr~acirlntus, the southern 
platyfish (14), should also have a preference 
for a s\vordlike structure, even though the 
ancestral state of swordlessness is main- 
tained. This hypothesis was tested through 
female choice tests to  determine whether 
preference for a snlordlike structure is a 
primitive state within the genus Xiplzophonrs. 

Choice tests were conducted in an aquari- 
um (45 cm by 4 1  cm by 87.5 cm) divided by 

Table 1. Difference in time females spent with 
males of different sword status (SE in parenthe- 
ses). ''Yellow" represents males with artificial, 24- 
mm, surgically attached yellow plastic swords. 
"Transparent" rcprcscnts males with 24-mm, sur- 
gically attached clear plastic swords, simulating 
the absence of a sword. Probabilities (P) are from 
Wilcoxon matched-pairs signed-rank test. 

Mean time 
Body 
size 

(s) 
t l  P 

(mm) Yellow Trans- 
parent 

two Plexiglas plates into three equal corn- 
partnlents (13). The middle compartment 
was divided into three sections: one center 
section and a sectioll adjacent to  each of the 
outer compartments. A test female \\.as 
placed in an opaque tube suspended frorn 
above the center section, and a test male was 
placed in each of the outer compartlnents 
for a 10-min acclimation period. A test trial 
was initiated by raising the tube and releas- 
ing the female into the center section, begin- 
ning a 10-min obsewation period. 

During the obsen~ation period, the be- 
havior of the test subjects and the amount of 
time the female spent in each of the sections 
adjacent t o  the rnale compartments were 
recorded. After this period, the female was 
once more placed in the tube and the males 
were switched frorn one end compartment 
to the other (to control for side bias), and a 
second acclimation and obsen~ation period 
was conducted. During the choice tests, 
males and females actively courted one an- 
other. The time of the two obsenration 
periods was summed, and a Wilcoxon 
matched-pairs signed-rank test was used on 
the data set for each male-fernale cornbi~la- 
tion to  compare the difference in time spent 
with each of the males. Proximity, coupled 
with active courtship, \\.as used as an indica- 
tor of female mating preferences; mating 
was not obsewed directly (15). Test subjects 
were either lab stock or progeny of wild- 
caught fish (16). Paired males were matched 
for body size (within 1-mrn standard length) 
and body coloration. 

I tested female preference for a s\vord 
structure i11 the swordlcss X. wrnculatirs by 
surgically applying a plastic sword to platy- 
fish males (17) and conductirlg female 
choice tests. lMales were matched for body 
size and coloration. Paired males each re- 
ceived a 25-mm sword; one male received a 
yell on^ sword with a black border, the other 
a transparent sword (18). The transparent 

sword simulated the visual absence of a 
sword, while controlling for surgery effects 
and influences of the artificial sword on  
swimming behavior. Males were tested for 
female preference after a 3-day postoperative 
period. lMales who underwent this surgery 
recovered and performed ~lorrnal courtship 
behavior duri~lg female choice tests. Six 
pairs of males were tested, each with 9 to 1 6  
females. 111 all six sets of tests, females 
preferred the rnale with the yello\v sword to 
the male with the transparent sword (nvo- 
tailed bi~lon~ial  P = 0.032; Table 1 ) .  

An additional experiment, a sword rever- 
sal test, was conducted i11 which female 
preference was obsen~ed for a male with a 
yellow sword over a male with a transparent 
sword (Wilcoxon matched-pairs signed-rank 
test: t~ = 14, P = 0.03), and then the origi- 
nal s\vords were removed and replaced with 
the other type of sword. With this reversal in 
sword status, female preferences were re- 
versed (Wilcoxon matched-pairs signed- 
rank test: n = 14, P = 0.01); females dem- 
onstrated a preference for the male with a 
yello\v sword, although they had previously 
discriminated against him when he had a 
transparent sword. These data suggest that 
the females were basing their choice on  
sword presence and not other traits. 

The absence of a rnale trait as the ancestral 
condition has been demonstrated in the frog 
genus Physnlnewr~rs (7). Physnlaetr~irs pustulos~rs 
females prefer rnale chucks at the low fre- 
quencies they detect best. 111 the closely 
related species, P. colorndonrrw, in which 

Priapella 

Platyfish 

Platyfish* 

Swordtails 

Fig. 1. Abbreviated phylogeny of the genus Xi- 
yl~oyhor~is (11, 19) (some additional spccics have 
been described, but phylogenctic analysis has not 
been published). The platyfish are generally un- 
sworded, and most species of swordtails possess a 
sword (11). Swordlessness appears to be the 
primitive state, as the sister group, Pt'inpeiin, does 
not possess a sword, and the sword, consisting of 
a colored extension at the ventral margin of the 
caudal fin, is a synapomorphy of the swordtail 
spccics (19). Morphological, electrophoretic, pig- 
mentary, and morpl~ometric characters were used 
to establish the phylogeny. Additionally, patterns 
of distribution were considered in some cases. 
(The clade to which the platyfish X. niarrrlntns 
belongs is designated by an asterisk, *.) 
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males do not produce chucks, fernale neuro- separately within the X. wraculntus clade. 19 ,  395 (1988); J .  A. Endler, in Spciiarinri aiid 1ti 

physiology also suggests that the inner ear is Such a prefere~lce may be for novelty per se Cc1tz3e111ic11c1'5, D. One .lnd J.  A. Endler, Eds. (S1ll- 
auer, Sunderl~nd, MA, 1989), pp. 625-648. 

tuned to lower frequency calls. Therefore, or sorne other characteristic. However, this 7. M. J. R~~ t3r , .'\brlivc 343, 66 (1990); M. J. R~~~ 
female biases in the inner ear appear to have interpretation of the results requires nvo ~ n d  S. Rand, Ez,nizitin~i 44, 305 (1990). 

evolved before the production of low-fre- independent evolutionasy events: the evolu- 9. 8. M. Preex~stlng J .  R!'JL1, biases O". sziYV In the Ei'o' female '"' senson , press. system h.uve 
quency chucks in males. The present study tion of a preference in the platyfish clade and bee, termed both sensot? h i v e  (6) ZICI sensoy 

with platyfish demo~lstrates that fernales ex- the evolution of a snlord preference in the esplo~tation (7, 8 ) ;  both of these terms .ire descr~bed 
as a bias in the direct1011 of ~VOIU~IOII  th.ut is set by 

hibit a preexisting bias for a trait not gener- swordtail clade. A preexisting bias hypothe- the s~,stenl of a species, sensoy 
ally present in the evolutio~lary history of sis, in which a si~lgle e\~olutionasy event drwe apphes to  tralts f.uvored by n a n d  selection, 

the lineage. The three criteria necessasy to accounts for a shared preference in plat\fish Or a cOnlbln~utlon and 
affect die direction of evoluuon in the .ubsence of  

demonstrate clearly that preexisting biases and swordtails, is thus a more parsimo~lious sexLlal selection Sensolv esploltation applies specifi- 
can result in the evolution of male traits have explanation. c d y  to  sexually selected tr.u~ts. 

been rnet with this study: (i) there is varia- This work suggests that the co~nmo~l  an- lo. H"\i'ever, diat a preference 'ubsellce h.us of a never preference been does present not ~n Imply the 

tion for sword length in X. helleri, the green cestor of the unsworded X. wraculatus and the evolution.uT h ~ s t o n  of the specles ~ n d  thus diat 

snrordtail, and females prefer males with swarded X. hellevi possessed a preferellce for felllale choice never played a role ln the evol~ltlon of 
die tralt. 

longer swords (13); (ii) the phylogeny for a snrordlike structure. Since phylogenetic 11, RaLlchenberper i l l ,  .4trz AL1lii .V o l , i r ,  297i 

Xiphophonrr suggests that the atlcestral con- hypotheses suggest that males of this com- (1990). 

dition is swordlessness (11, 19) (Fig. 1); and mon ancestor were unsworded, the preexist- 12. A cll"'"cter general1!. shared "!. cll' s\vordtails is 
~iielaiopliore colorat~on 011 the ventral margin of die 

(iii) in the swordless planfish, X. maculafus, ing bias resulting in a sword preference c,llc~al fill H,,,~,.,,, ,his coloration ,, ,t,,,,,t ill 
females demonstrate a preference for ~nales appears to have evolved before the sword diree northern s\vordtails (11). 

with swords. itself; the sn,ord thus may have subsequently 13. A. L. Ba~oIo, Alzitn.  Rclzilv 40. 332 (1990).  
14. LVild .Y trz ,~arl ,~tzi~ never develop a1 extension of the 

Obviously, onl~7 traits that lie within the arisen in the swordtail clade and been select- caudal fin, [,LI~ the!. have beell esperlnientdy 111- 

detection limits of the female sensosy and ed for by this preexisting bias. Models stress- d~lced to  prodllce a sword (19). ktific1.d selection 
has resulted In sonie fish \vlth elongated upper and 

processing systems can be selected via female ing coevolutionan processes cannot explai~l l o , e r  of the fin, as can seen in 

choice; thus, the potential range of sesually evolutio~l of a female preference in the ab- sonie ~ o a i i i , ~  species.  he ni.des of nvo spec~es of 

selected male traits is constrained. In preex- sellce of a male trait, and, therefore, a prees- p 1 q f i s h >  .y ripii idi i i1ri  atiiier3i, 

unp~gniented extension ( 1  to 5 111n1) of die loner 
isting bias models of sexual selection, the isting bias model seems to best explain the nlargln of he fin (11, 19). 
bases for the initial bias are numerous. A evolution of the preference and the initial 15. h1. J .  Ryan and 'iV. E. Wagner, Jr.. Sczcricc 2 3 6 , 5 9 5  

sivord may increase the perceived body size evolution of the s\vord This concl~~sion 16, ~ ~ ~ ~ ~ l t  ,,ec ts eldies origiIlateci frolll stock popll- 
of a male (8); thus, a preexisting preference does not preclude a role for coevolutionan Iatlons maintained by K. D.  Kallman. Osborn Ge- 

for large males could, as a b~7-product, result processes. Once the slvord has evolved, the netlcs Laboraton. Near Tork A q u a r ~ u n ~ ,  o r  \yere 
progeny from field-cauglit individuals from die Be- 

in selection for the s\vord once the trait initial bias and the trait could potentially be lize River, Belize, collected In 1986 and 1988 Lab 
arises in a population. Similarly, a preexist- modified by other processes. However, the stock n1.di.s had elther the recessive ar~ld-type. "+." 
ing preference for rare, novel male types Xiphophovus system provides evidence for OLiv"eolls bod!. coLoratlon red irises- Or had a 

speckled body iSp) and red lnses. Belize males were 
could initially select a snrordlike structure; preexisting bias models of Sexual selection; a for an!. of a numbcr of kno\vn 
however, once an initially rare, novel trait role for other processes remains speculative. patterns. 
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