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GENETIC BASIS FOR ALTERNATIVE REPRODUCTIVE TACTICS IN
THE PYGMY SWORDTAIL, XIPHOPHORUS NIGRENSIS

EDMUND J. ZIMMERER!
Department of Biological Sciences, Rutgers University, P.O. Box 1059, Piscataway, NJ 08855

AND

Kraus D. KALLMAN
Genetics Laboratory, Osborn Laboratories of Marine Sciences, Brooklyn, NY 11224

Abstract. — Differences in adult male size and age at sexual maturity in the Rio Coy (Mexico)
population of Xiphophorus nigrensis (Pisces; Poeciliidae) are controlled by genetic variation at a
Y-linked locus. Four genetic size-classes have been identified. The mating behavior of the males
of the three largest size-classes consists exclusively of an elaborate courtship display, whereas that
of the genetically small males ranges from display to a sneak-chase attempt at copulation. In the
presence of large males, small males switch to the sneak-chase behavior. Females prefer the display
of large males. In mating-competition experiments (two females with one large male and one small
male), the large males are dominant and deny the small males access to females. From 20 such
experiments, 601 large-male and 200 small-male progeny were obtained, indicating that the switch
to sneak-chase behavior by small males is not particularly effective in overcoming the large-male
advantage. By using the largest males of the genetically smallest size class and the smallest males
of the genetically next-larger size-class, size was kept constant, whereas genotype was varied. When
these males were tested in competition with genetically large males, only the males of the genetically
smallest size class showed sneak-chase behavior. These observations suggest that the difference in
mating behavior is not an indirect developmental effect of size but, rather, is under direct genetic
control.
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Size-dependent alternate mating strate-
gies between males within a species have
been observed in many animal groups, in-
cluding mammals (Leboeuf, 1974; Haus-
fater, 1975), reptiles (Trivers, 1976), am-
phibians (Wells, 1977), fish (Barlow, 1967
Constantz, 1975; Gross, 1982, 1984, 1985;
Warner et al., 1975), and insects (Alcock et
al,, 1977; Cade, 1979; Thornhill, 1979;
Waage, 1973). Larger males are more likely
to court females and defend both females
and territories from other males. Because a
male’s success in defending a territory or
courting a female is often related to his size,
an alternate mating behavior may be the
best strategy for a small male. Smaller males
(which have been called subordinate or sat-
ellite males) often ““sneak” copulation dur-
ing the momentary absence of a larger male
or, less frequently, spawn during the pres-
ence of the larger male. Small males may
mimic females and submit to copulation
with larger males to achieve successful cop-

! Present address: Department of Biological Sci-
ences, Murray State University, Murray, KY 42071.

ulation with females. The relative success
of alternate mating strategies can best be
judged by determining the paternity of off-
spring. Inferences on mating success based
on who wins in male-male competitions or
who spends the most time with females may
be misleading and, in some cases, have been
shown to be inaccurate (Duval et al., 1976).
Most discussions of alternate mating tactics
are weak, because paternity is difficult or
impossible to determine.

The proposal (Maynard-Smith and Price,
1973; Maynard-Smith, 1976, 1981) that al-
ternate mating tactics exist as an evolution-
arily stable strategy (ESS) has gained much
support (Brockmann et al., 1979; Hamilton,
1979; Rubenstein, 1980; Gross, 1982; Aus-
tad, 1984; Dominey, 1984). However, the
assumption that behavioral polymorphisms
are maintained (balanced) by natural selec-
tion is supported by little experimental evi-
dence concerning the means of selection and
the genetic basis on which this selection can
work. Are the behavioral differences a direct
effect of a specific gene for a given behavior,
or are they caused indirectly by other ge-
netic factors (e.g., those influencing size or
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TABLE 1. Average adult size, standard length of the four genotypes of male Xiphophorus nigrensis (Rio Coy).
Y-linked color patterns at the yellow (flavus) locus (nomenclature adapted from Zander [1968]) are as follows:
con = flavus concolor (solid yellow); cm = flavus caudimarginatus (ventral and dorsal margins of caudal fin
yellow); cp = flavus caudipinna (caudal fin yellow); + = absence of yellow (solid blue). Two lines each of IT and
L males were maintained with cp and cm patterns, respectively. In the experiments, all L males were cm, and

all II males were cp.

Standard length (mm)

Phenotypic size-class (line) Genotype Color pattern N Mean = SD Range
Small (s) X-s/Y-s con, + 302 25.2 £ 1.20 22-28
Intermediate-1 (I) X-s/Y-1 cm 135 27.4 = 0.12 25-32
Intermediate-2 (II) X-s/Y-11 cp 216 32.4 = 2.06 29-38
Large (L) X-s/Y-L cm 154 37.5 £ 2.05 3242

pigment patterns) or by environmental cues
that act either during ontogeny or on adult
social organization?

Here, we use the pygmy swordtail, Xi-
phophorus nigrensis, to study alternate mat-
ing strategies. This species is found in two
rivers, Rio Coy and Rio Choy (Rio Panuco
basin), in San Luis Potosi, Mexico. Males
of this species differ in size by more than a
factor of two and show size-related differ-
ences in mating behavior (Zimmerer, 1982).
Size and age at maturation in this species
and other Xiphophorus are determined by a
sex-linked gene (P) (Kallman et al., 1973;
Kallman and Borkoski, 1977; Kallman,
1983). As with males of most poeciliid fish,
little growth occurs after maturation, re-
sulting in genetically determined male size-
classes.

In this paper we 1) describe mating be-
havior of males from the different size-
classes, 2) present data showing relative
mating success of genetically small and ge-
netically large males, 3) document the be-
havioral shift in one of the genotypes (cor-
responding to the smallest mean size of
males) and the inability for a similar shift
in the genetically larger size classes, 4) give
evidence for the association of some of these
behaviors with specific P alleles, and 5) de-
scribe the role of female choice in these in-
teractions.

MATERIALS AND METHODS

Male-competition experiments and sin-
gle-male (control) matings were set up with
newly matured, inexperienced males and
virgin females. Behavior was not recorded
for the first two weeks of each mating to
allow the fish to adapt to new surroundings.
Control matings each involved a single male

of one of four size classes (small, interme-
diate-1, intermediate-2, or large) and one
female; male-male competition matings
each involved two males of different size-
classes (either small and large or interme-
diate-1 and large) with two females. Several
male competition matings with large and
small males were performed in 200-400-
liter aquaria; all other matings were set up
in 20-liter aquaria. All aquaria had gravel
and aquatic plants to allow some cover;
water temperature was maintained between
23° and 25°C. Fish were fed a diet of liver
paste (Gordon, 1950), newly hatched brine
shrimp, and daphnia (when available) 2-3
times daily. Thirty-minute observations
were made twice monthly between 11:00
A.M. and 1:00 P.M. Behavior activities re-
corded included 1) time foraging for food,
2) time males spent with females, 3) num-
ber, duration, and types of male display to
female(s), 4) male copulation attempts, 5)
female response to male displays, and 6)
number, duration, and types of male-male
interactions.

Four size classes are known from the Rio
Coy, and these differ in their Y-linked P
alleles (s, 7, 11, or L) and color genes (Table
1). All X chromosomes carry the s allele for
small size and early maturation. Small males
have two color phases, metallic blue and
solid yellow, controlled by a Y-linked locus.
Males of the other P genotypes are also me-
tallic blue, but may have various yellow pat-
terns in their caudal fins. The X. nigrensis
stock used in this study was collected in the
Rio Coy in 1972, and has been maintained
in lines corresponding to the male size-
classes (s, I, II, and L) at the Genetics Lab-
oratory of the New York Aquarium by
breeding males of small and intermediate- 1
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TaBLE 2. The mating behaviors of the four genotypes of male Xiphophorus nigrensis from the Rio Coy. Table
entries are mean numbers (+SD) per observation period.

Behavior s 1 I L
Frequency of frontal display 6.1 £ 4.5 13.1 = 3.1 13.2 + 42 12.1 = 3.4
Duration of frontal display (sec) 1.6 =+ 1.3 43 + 1.2 — 5.5+4.2
Frequency of sneak-chase 2.5+ 3.0 0 0 0
Frequency of circle display 4.0 £ 3.8 0 0 0
Frequency of orientation 6.6 £ 6.0 0.08 + 0.27 0 0

size-classes (lines s and I) to females from
the L line and breeding males of interme-
diate-2 and large size-classes (lines II and
L) to females from the s line (see Table 1).

To determine whether differences in be-
havior between small and intermediate-1
males (lines s and I) are under direct genetic
control or are an indirect effect of size, only
males of overlapping size phenotype were
used (i.e., the largest s males and the small-
est I males). Therefore, the s and I males
used did not differ in size (mean £ SD =
25.6 = 1.4 mm [N = 20] and 25.8 + 0.72
mm [N = 15], respectively).

In order to determine whether s and L
males sire equal numbers of offspring in the
absence of competition, we recorded the
number of progeny per brood for the first
three broods (or for two broods if there was
no third) of control matings sired by either
blue s, yellow s, or L males. There were ten
control matings with each of these three male
phenotypes. A similar procedure was used
to determine whether s and L males sire
broods of equal size in competitive matings.
The experimental matings were further sub-
divided into 1) those in which s males did
not contribute to the progeny and 2) those
in which both males contributed. Only those
broods in which the male progeny was either
all L or all s were counted.

REsuULTS

Mating Behavior of 1, 11, and L Males. —
Males of these three genotypes begin their
mating displays by approaching females with
their dorsal and caudal fins rigidly expand-
ed. This initial approach is followed by a
series of slow, rigid glides either in front or
somewhat to the sides of the females. The
distance between male and female is seldom
more than 3 cm or less than 0.5 cm, except
when followed by a copulation attempt. Du-
ration of this behavior, which we call “fron-

tal display,” varied between 1 and 36 sec-
onds. Occasionally, the males momentarily
swam backwards toward the females, but in
none of these instances did the male’s sword
ever comeinto contact with the female. The
displays of L, II, and I males were essentially
identical (Table 2), with the exception of a
shorter mean display duration for I males
relative to L males (ANOVA, F, 5= 6.23,
P < 0.05). Copulation attempts were rare,
occurring at a frequency of less than 0.25
per observation period and having a mean
duration of less than one second. Of all mat-
ing displays described for Xiphophorus
species (Franck, 1964, 1968), the display of
X. nigrensis most closely resembles that of
X. cortezi.

Mating behavior of s Males. — The s males
have a much broader repertoire of mating
behavior than larger males. Three types of
behavior were observed in s males which
could represent points along a behavioral
continuum. At one extreme, the frontal dis-
play is virtually identical to that in L, II,
and I males; it differs only in its shorter
mean duration (Table 2). As with the males
of the other genotypes, copulation attempts
after the frontal display were rarely ob-
served. The opposite end of the behavioral
continuum is characterized by a sneak at-
tempt at copulation which we call “sneak-
chase.” The male darts in toward the female
and often follows this by gonopodial thrusts
and attempts at copulation. The approach
by the male can be from any direction but
usually is from behind the female. Because
of the speed and short duration of this be-
havior, it was not possible to quantify pre-
cisely the gonopodial thrusts or to judge their
effectiveness. The female’s usual response
to this behavior is flight; the male often fol-
lows with a series of darting motions. The
third display, called the “circle display,” ap-
pears to represent a midpoint between the
sneak-chase and frontal displays. The male
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darts in toward the female, but instead of
attempting a copulation and chase, the male
makes a series of fast, abrupt passes or cir-
cles around the female. If the female re-
sponds by flight, the male may give chase
and repeat the circle display or revert to
sneak-chase behavior; but if the female re-
mains passive, the circle display may (rare-
ly) be followed by an attempted copulation.
The frequencies of the frontal-display be-
havior in L and s males differ significantly
(Student’s ¢t = 4.16, d.f. = 92, P < 0.001;
Table 2). The combined mean frequency
(£SD) of the three behaviors (frontal dis-
play, circle, sneak-chase) for s males is 13.2
+ 6.1, which does not differ significantly
from the frequency of frontal display ex-
hibited by males of the other three geno-
types.

A fourth behavior associated mostly with
s males involves a male positioning his body
in a plane such that he points directly to-
ward the female. This “orientation” behav-
ior often results in the male assuming an
attitude that differs from the normal hori-
zontal posture when he is a distance of 10-
20 cm from the female. This behavior may
be identical to ‘““anschleichen” (creeping up)
described by Franck (1964, 1968) for X. hel-
leri, X. pygmaeus, and X. cortezi. Orienta-
tion behavior usually precedes an approach
to the female, but the method of approach
is highly variable. The male may either dart
toward the female swiftly and abruptly or
approach her in a series of small slow swim-
ming episodes. The approach can be dis-
continued at any time. The incidence of ori-
entation behavior was highly variable among
s males; it occurred at a frequency (£SD)
of 6.6 = 6.0 per observation period and
preceded a mating display 43% of the time.
Orientation positioning was never per-
formed by L or II males and was performed
infrequently by I males (observed four times
out of nine matings during a total of 50
observation periods).

Competition Between s and L Males. —
High frequencies of male-male as well as
male-female interactions were observed in
mating competitions between s and L males
(14 matings in 75 observation periods). The
predominant interaction involved chase of
the s male by the L male. The chase rarely
lasted more than two seconds and usually
ended with the s male hiding in the aquatic
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vegetation. In 1% of all male-male inter-
actions the s male did not flee but instead
responded with a counterdisplay. These dis-
plays involved the two males swimming
parallel to one another, 1-2 cm apart, with
their dorsal and caudal fins extended; oc-
casionally one nipped or slapped his tail at
the other fish. Similar agonistic behavior
also occurs in X. pygmaeus, X. helleri, and
X. maculatus (Clark et al., 1954; Franck,
1964). Chase behavior by the L male was
usually elicited by the emergence of the s
male from hiding or its approach to the fe-
male. The persistent aggression of L males
toward s males resulted in L males spending
a greater amount of time with the females
than did s males (81.7% vs. 14.0% of ob-
servation periods; t = 2.51, d.f. =90, P =
0.01).

In mating competitions with L males, be-
havior of the s males did not differ quali-
tatively from behavior in the control mat-
ings; however, overall s-male mating activity
decreased. Not all behaviors were affected
in the same manner: the frequencies of fron-
tal display and circle display decreased (two-
level nested ANOVA [Sokal and Rohlf, 1981
p. 293], F;,, 15 = 10.28, P < 0.005), but the
frequency of sneak-chase behavior in-
creased significantly (F, ,;; = 8.26, P <
0.005). The frequency of orientation behav-
ior of s males also increased in the com-
petition matings (9.7 = 7.0 [SD] vs. 6.6 +
5.6, Student’s t = 2.25, d.f. = 90, P < 0.01)
and preceded a mating display at a higher
frequency (83% vs. 43%). Orientation be-
havior was equally likely to precede any of
the three mating behaviors.

I Males in Competition With L Males. —
The pattern of male-male interactions in
competition mating involving I and L males
is similar to that observed in interactions
involving s and L males. A high frequency
of chase by the L male (15.6 = 6.0, 8 mat-
ings, 45 observations) and flight by the I
male was observed. In 0.8% of the male
encounters, the I male responded with a
counterdisplay. This momentary challenge
was always short-lived and was followed by
a hasty retreat. The percentages of the ob-
servation periods spent with or near females
were also similar to those observed for male
competition matings with s and L males (L
males: 81.7%; I males: 11.7%).

Mating behavior of I males in the pres-
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TABLE 3. A comparison of the mean frequencies (£SD) per observation of the mating behaviors of s and I

males in competition with L males.

Behavior

Male Frontal display Sneak-chase Circle Orientation
s 1.3 = 2.0 4.2 + 3.5%* 0.96 + 0.8** 9.4 + 8.3%*
1 29 +6.8 0 0.04 = 0.2 1.3 3.1

*P <0.05**P<0.0l.

ence of L males differs greatly from that
observed in similar competition matings in-
volving s males (Table 3). In eight matings
and in 45 observation periods, no sneak-
chase and only two questionable circle dis-
plays were observed. Orientation behavior
by I males occurred at a frequency of 1.34
+ 3.1 and frontal display at a frequency of
2.9 = 6.8. The frequency of frontal display
by L males in the absence of competition
(mean = 12.1, SD = 3.4) did not differ sig-
nificantly from that in mating competition
with s males (mean = 10.42, SD = 5.0) or
with I males (mean = 10.5, SD = 5.8) (two-
level nested ANOVA, F, 5, = 3.3, P >
0.05). .

Female Response.—Female pygmy
swordtails exhibited few recognizable court-
ship behaviors or responses. Females re-
sponded to male courtship negatively by
flight. Female behaviors indicating a nega-
tive response toward male courtship, such
as nipping, tail slapping, s-curving, or back-
ing behavior, have been described in the
platyfish, X. maculatus (Clark et al., 1954),
but were either not observed or rare (two
instances of nipping) in our study. A posi-
tive response to male courtship was difficult
to determine. If a female did not evade a
courting male, she either continued foraging
for food or remained motionless. Flight was
scored as a negative response to male be-
haviors and all other female responses were
scored as positive responses. In competition
matings involving s and L males, females
swam away from only 2.7% of L-male dis-
plays but swam away from s males after
13.2% of the frontal displays, 42.1% of the
circle displays, and 96.1% of the sneak-chase
encounters. Female response in I-male con-
trol matings was similar to that observed
for L-male displays (flight in 4.1% of the
encounters). The difference between female
response to frontal display of L and I males
on the one hand and that of s males on the

other is significant (t = 4.6, d.f. = 120, P <
0.001), and we tentatively attributed this to
female preference for a longer display (Table
2), rather than for large male size. The fe-
males showed no recognizable reaction to
orientation behavior.

Mating Success. —L males had greater re-
productive success than did s males in the
competitive matings: L males made up 75%
of the male progeny (601 L, 200 s 33). Five
matings produced only L males, and 12
matings produced L and s progeny in var-
ious proportions; no matings resulted ex-
clusively in s-male progeny. Data from three
matings are not included here, because of
the death of one male before the first brood
was produced. Mating success of blue s males
was the same as that of yellow s males. The
sex ratio of the progeny of the 17 compet-
itive matings did not deviate significantly
from unity (793 22, 801 43).

The mating success of L males was slight-
ly greater in the 200-400 liter aquaria (seven
aquaria; 312 L vs. 47 s male offspring, 51
broods) than in the 20-liter ones (ten aquar-
ia; 289 L vs. 153 s male offspring, 103
broods). Mating success of s males was
slightly higher in later broods of the same
mating. This is possibly a result of male-
male habituation with time, because some
of these matings lasted more than one year.
This did not appreciably affect the results,
other than adding a slight bias toward
s-male mating success.

In control matings, L males sired a larger
number of offspring per brood than did s
males (ANOVA, F}, g3 = 8.42, P < 0.01;
Table 4). The length of time from the date
the mating was initiated to the birth of the
first brood did not differ significantly be-
tween L and s control matings (Table 4).
Thus, the greater reproductive success of the
L males in the experimental crosses must
be attributed to a combination of their
greater competitive ability, their ability to
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TaBLE 4. Number of broods, number of fry per brood (x = SD), and length of mating time prior to birth of
the first brood (X + SD) in Xiphophorus nigrensis lines descended from fish collected in the Rio Coy.

Number Number of fry
Mating Male of broods per brood Range Weeks to first brood
Control s (yellow) 28 8.6 £ 0.7 3-18 7.4 £ 1.88
s (blue) 29 9.1 = 1.1 2-22 6.6 = 0.63
L 28 10.6 = 1.6 2-28 6.8 £ 0.56
Experimental
Both males sired progeny s 28 9.0 £ 0.9 2-24
L 31 9.1+ 12 2-26 7.2 £ 055
Only L males sired progeny L 28 114 = 1.3 1-26 5.6 £ 0.84

sire a greater number of young per brood,
and female preference for their longer dis-
play.

In four competitive matings, the s males
sired an appreciable number of offspring.
Over periods of many months, the L and s
males of these four crosses had consistently
different mating success with the two fe-
males of each pair (Table 5), which suggests
that individual females may vary in their
choice of males.

DiscussioN

Males of the pygmy swordtail, X. nigren-
sis, exhibit size-related differences in court-
ship behavior. The three largest size-classes
(I, II, and L) engage exclusively in frontal
display, primarily in front of the female,
while s males use a variety of behavioral
approaches, from frontal display to sneak-
chase attempts at copulation. The s males
shift their behavior in response to the pres-
ence of large (L) males: they perform pre-
dominantly frontal displays in the absence
of L males but switch to sneak-chase at-
tempts when in competition with L males.
A similar phenomenon has been docu-
mented in the Gila topminnow, Poeciliopsis

TaBLE 5. Reproductive success of L and s males with
different females in four separate competitive matings.

Number of male progeny
sired

Number of
Mating Female L male s male broods
1 1 38 1 7
2 0 20 5
2 1 26 2 5
2 0 25 6
3 1 13 3 4
2 0 35 4
4 1 10 11 5
2 6 26 5

occidentalis: large dominant males main-
tain territories and court females, and
smaller subordinate males show “sneak” at-
tempts at copulation in the presence of a
dominant male but become aggressive and
territorial when the dominant male is re-
moved (Constantz, 1975). Constantz (1975)
postulated an ‘““ontogenectic switch mecha-
nism” contingent upon body size at matu-
rity but did not elaborate further on its
physiological basis.

In fish, the most common phenotypic
correlate to small size is some kind of sneak
behavior. Such size differences and associ-
ated behaviors may be environmentally in-
duced. For example, size within P. occiden-
talis populations is essentially normally
distributed; discrete genotypes for small size
have not been identified. Thus, the possi-
bility remains that small males may have
the same genotype as large males. The al-
ternate behaviors associated with small size
may therefore be “phenotypic” (Austad,
1984). Male size and courtship behavior may
also be environmentally induced in the pup-
fish, Cyprinodon sp. (Kodric-Brown, 1977).
However, the size distribution of mature
pupfish males in breeding condition is dis-
continuous, with distinct large and small
size classes, and the situation is further com-
plicated by the presence of many males in
nonbreeding condition. In sunfishes (Le-
pomis), satellite males and female mimics
grow at the same rate as nesting males until
the age of two years. Then, the former be-
come mature (a process accompanied by a
strongly reduced growth rate that is perhaps
an indirect effect of gonad maturation), but
the latter remain immature for several more
years (Dominey, 1980; Gross, 1982). Sat-
ellite males and female mimics are always
smaller than nesting males, and the former
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do not eventually develop into nesting males
(Gross, 1982). (Nothing is known concern-
ing the cue that controls the switch at two
years of age. Dominey (1980) postulated that
a genetic polymorphism was involved but
later abandoned this view on the basis of
some preliminary evidence to the contrary
[Dominey, 1984].) The males of Lepomis
thus become locked into their size cate-
gories and reproductive tactics. A similar
situation occurs in several species of salmon
(Gross, 1984).

There are few examples of alternate be-
havior patterns with a known Mendelian
basis. Alternate plumage colorations in the
ruff, Philomachus pugnax, are most likely
genetically controlled and are closely cor-
related with certain behavior patterns (van
Rhijn, 1973). Whether the effects on plum-
ages and behaviors are pleiotropically me-
diated by a single locus or controlled by two
closely linked loci is not known. The dif-
ferences in behavior could be under indirect
genetic control and result from the inter-
action between birds of different plumages.

The range of mating behaviors in X. #ni-
grensis is not purely “phenotypic,” because
size is controlled by alternate alleles at a
Y-linked locus. Fish with the s allele at this
locus can switch between frontal display and
sneak-chase behaviors, whereas those with
the 1, II, and L alleles are locked into the
frontal-display tactic: with two possible ex-
ceptions, none of the L (N = 26), II (N =
3), or I (N = 15) males exhibited sneak-
chase or circle displays. The difference in
behavior among males with different P ge-
notypes does not appear to be a simple func-
tion of size but, rather, is due to an indirect
effect of the P locus. In the competition ex-
periments (s vs. L males and I vs. L males),
the sizes of the s and I males were stan-
dardized by choosing fish from the area of
size overlap (the largest s males and the
smallest I males); yet none of the I males
showed sneak-chase behavior. This raises
the question of whether the alleles at the P
locus themselves are directly responsible for
the behavioral differences or whether a sec-
ond, closely linked locus with two or more
alleles controls alternate behaviors. A
Y-linked factor that influences size at sexual
maturity and shows no crossing-over (Kall-
man, unpubl.) would permit the evolution
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and further linkage of traits adaptive for a
specific size. This occurs in X. nigrensis of
the Rio Coy, where the allele for solid-yel-
low body coloration and the suppressor of
vertical barring are always linked to s on the
Y chromosome but are never associated with
any other P allele on the X or Y (Zimmerer
and Kallman, 1988). We cannot assign a
function to the trait yellow body coloration,
but the vertical-bar pattern is a signal for
aggression and dominance. Its suppression
could be advantageous to small males which
rarely, if ever, win in encounters with L
males. During aggressive interactions be-
tween males of the three larger size classes,
the vertical-bar pattern disappears in sub-
ordinates. A third trait, male growth rate,
is always associated with certain P factors.
The s males grow at the slowest rate, and I,
II, and L males grow increasingly faster, in
that order. The same relationship exists in
the X. nigrensis population inhabiting the
Rio Choy. There is no compelling reason to
assume that the differences in growth rate,
which become apparent within a few days
after birth, are a direct effect of the P factors
that stipulate size at maturity. We note that
males of the different P genotypes of X.
maculatus and X. montezumae grow at the
same rate (Kallman, 1983).

Sneak-chase behavior has also been re-
ported for X. helleri, X. cortezi, and X. pyg-
maeus (Franck, 1964). Adult males of X.
pygmaeus, the sister species of X. nigrensis,
are of relatively uniform small size, yet they
exhibit only sneak-chase behavior. Frontal
display, the various components of which
are species-specific, is therefore present in
all but one of the 17 described species of
Xiphophorus (Franck, 1964, 1968, 1970) in-
cluding X. milleri, in which most males are
as small and uniform as those of X. pyg-
maeus. It is not clear whether the two be-
haviors evolved or are maintained as a re-
sponse to a wide spectrum of adult male
size, be it environmentally or genetically in-
duced.

The developmental pathways that lead
from a specific genetic condition to a par-
ticular behavior pattern are poorly known.
Most behaviors are polygenically inherited
(Franck, 1974; Noakes, 1986), and it is un-
likely that a single gene controls sneak-chase
behavior in X. nigrensis. The expression of
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sneak-chase, orientation, and circle behav-
iors is facultative in smaller males and in-
creases significantly in frequency in re-
sponse to the presence of larger males. In
control matings of I males, orientation be-
havior is rare, and sneak-chase and circle
behaviors are unknown; however, in com-
petition matings with L males, the incidence
of orientation behavior by I males increases
significantly. Therefore, the manifestation
of these behavior patterns may represent a
threshold phenomenon which could be con-
trolled by allelic variation at a locus linked
to the P locus. Such control of alternate be-
havior does not involve the evolution of
new polygenic patterns but merely modifies
what is already present. This view implies
that most Xiphophorus possess the genetic
basis for these types of behavior but that
the expression and frequency of a particular
behavior depends upon which particular al-
lele is present at the postulated locus that
governs the threshold. The frequency of the
various components of the male courtship
behavior of Poecilia reticulata is also in-
herited as a Y-linked trait (Farr, 1983).
Manning (1967) has argued that mutations
(i.e., allelic variation) primarily affect the
threshold and frequency of a given behavior
and not the nature of the pattern itself. Such
mutant alleles could have electrophysiolog-
ical effects that alter membrane excitability
(see Ganetzky and Wu, 1986).

The greater reproductive success of L
males in the competition experiments must
be attributed to the selective advantage
gained by their use of the frontal display,
their dominance and their inherent ability
to sire more fry per brood. The females’
responses to the different behaviors of s
males show that they prefer males that en-
gage in frontal display. Females of X. pyg-
maeus prefer heterospecific males of X. ni-
grensis that display over conspecifics that
do not (Ryan and Wagner, 1987). However,
preference for L males may vary among in-
dividual females (Table 5) such that some
s males sire an appreciable number of off-
spring even in the presence of L males.

Fish density may also have an effect on
the relative reproductive success of L and s
males. Under high density or in restricted
space, it may be easier for L males to mo-
nopolize females. Conversely, under low
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density, an s male would be less likely to
come in contact with L males and should
have greater reproductive success. The re-
sults from the 200-liter aquaria matings
show that, if anything, the opposite is true.
Under laboratory and field conditions, the
fish form loose aggregates and do not dis-
perse randomly. This allows L males to mo-
nopolize females, even under conditions of
low fish density. It also allows us, with some
confidence, to apply our laboratory obser-
vations to what happens in the field.

Do s males shift mating behavior to max-
imize mating potential? In the presence of
L males; it appears to be uneconomical for
s males to display; the alternative is a sneak-
chase attempt at copulation. Whether this
tactic is more economical is debatable: in
spite of the marked shift of s males from
display to sneak-chase behavior under com-
petitive conditions, s males sired only one-
third as many progeny as L males (200 vs.
601). Thus, under experimental conditions,
the shift to sneak-chase could not overcome
the effects of L-male dominance and display
behavior. Our observations do not let us
assess the effectiveness of sneak-chase at-
tempts. Most of the attempts may be merely
“thrusting,” which in X. maculatus and X.
helleri does not lead to insemination (Clark
et al., 1954). It is also not known what pro-
portion of the s progeny can be attributed
to sperm transfer after sneak-chase episodes
or to the much rarer copulations after fron-
tal display.

The adaptive significance of mating vari-
ation among P genotypes must be consid-
ered in a larger context. In spite of the shift
in behavior of s males under competitive
conditions, their reproductive success was
still well below that of L males. Other fac-
tors must play a role in order to compensate
for the inferior ability of s males in com-
petition with larger males. Although im-
mature L males possess a higher growth rate
than immature s males, it takes the former
almost twice as long to mature (26.6 weeks,
range = 20-34) than s males (14.4 weeks,
range = 12-17). Although L males sire larg-
er broods, the intrinsic rate of natural in-
crease (Cole, 1954) of s males is still more
than twice that of L males. Moreover, the
frequency of the smaller morphs in the Rio
Coy is much higher than that of the larger
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ones (Kallman, unpubl.). Therefore, a ma-
jority of the male-female and male-male in-
teractions will involve only s males. This is
a situation quite different from that for sun-
fish and salmon, in which the precocious,
small males exhibiting sneak behavior do
not gain access to females or eggs unless a
large late-maturing male is present (Gross,
1984). The genetically controlled size poly-
morphism of X. nigrensis from the Rio Coy
is undoubtedly maintained by the interac-
tion of many variables, including growth
rate, size and age at maturity, pigment pat-
terns, behaviors, and perhaps habitat pref-
erence. Differences in some of these traits
are direct or indirect effects of the P factors,
while the differences in others are probably
due to allelic variation at hitchhiking genes.
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