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Negative assortative mating in the white-throated sparrow, Zonotrichia
albicollis: the role of mate choice and intra-sexual competition
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Abstract. White-throated sparrows are dimorphic, mating disassortatively by morph. In laboratory
choice trials, females of both morphs preferred tan-striped males when allowed to interact with males
(two-way choice), but displayed no preferences when one-way mirrors did not allow stimulus males to
interact with them (one-way choice). Males of both morphs displayed significant preferences for
white-striped females in one-way choice trials, but not in two-way trials. During within-sex competition
trials, white-striped birds were dominant to tan-striped birds of the same sex. These results suggest that
negative assortative mating is maintained in part because white-striped females outcompete tan-striped
females for access to the preferred tan-striped males. Tan-striped females then pair with the less
preferred white-striped males. A three-step process is proposed to account for the high level of negative

assortative mating seen in the white-throated sparrow.

Negative assortative mating is extremely rare in
nature (cf. Sheppard 1952; Murton et al. 1973;
Yamazaki et al. 1982) and the selective forces
supporting it are not well understood, emphasiz-
ing the need to study the processes involved in its
maintenance. Negative assortative mating in a
population with two morphs may occur when: (1)
both males and females prefer the opposite
morph; (2) either males or females display prefer-
ences for the opposite morph, with no preferences
displayed by the other sex; (3) both types of males
prefer one female morph, with one male morph
outcompeting the other for access to the preferred
female morph; (4) both types of females display
preferences for one male morph, with one female
morph outcompeting the other for access to the
preferred male morph.

White-throated sparrows are dimorphic and
mate disassortatively by morph. The white-striped
morph has brighter crown stripes, brighter yellow
lores and less striping in the throat patch than
the tan-striped morph (Lowther 1961; Lowther
& Falls 1968, Atkinson & Ralph 1980),
White-striped birds are also larger, sing more and
are more aggressive than tan-striped birds of the
same sex (Lowther 1961; Lowther & Falls 1968;
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Atkinson & Ralph 1980; Rising & Shields 1980).
A chromosomal inversion separates white-striped
from tan-striped birds in both sexes (Thorneycroft
1966). Approximately 93-98% of the population
mates with an individual of the opposite morph
(Thorneycroft 1976; Knapton & Falls 1982, 1983).
Because white-striped birds are heterozygous for
the inversion, while tan-striped birds are homo-
zygous for the presumed ancestral condition,
negative assortative mating maintains the dimor-
phism at 50/50 in the population, regardless of the
proportion of pair types on the species’ mating
grounds (approximately 70% of pairs consist of
a white-striped male and a tan-striped female;
Thorneycroft 1976, Knapton & Falls 1983;
unpublished data).

The white-throated sparrow breeding system
presents an excellent opportunity to evaluate the
proceses involved in the maintenance of negative
assortative mating, and more generally, the pro-
cesses involved in sexual selection. Studies of
sexual selection have in general been conducted
on species in which mating patterns and the
associated traits are less obvious than in the
white-throated sparrow, where morph is easily
identified, bimodally distributed and accounts for
over 90% of the variance in mating patterns
{Thorneycroft 1976; Knapton & Falls 1982, 1983).
Because white-throated sparrows are typically
already paired when both sexes are located in the
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field, we conducted mate choice and intra-sexual
competition trials in the laboratory.

METHODS

Birds were caught on their territories at the begin-
ning of the breeding season at Algonquin Provin-
cial Park, Ontario. In 1990 birds were caught
between 14 and 27 May; this group (group 1)
included nine tan-striped males, eight white-
striped males, 11 tan-striped females and eight
white-striped females. A second group of birds
{group 2} was captured between 9 and 20 May
1991, and included six tan-striped males, eight
white-striped males, seven tan-striped females and
five white-striped females. In all cases in which the
mate of the bird was captured (and released) or
sighted, it was of the opposite morph. All birds
captured were adults of unknown age.

Group 1 birds were brought to the Animal Care
Facility at the University of Toronto Department
of Zoology, where they were maintained in same-
sex aviaries (102 x 40 x 94 ¢cm) on a natural light
schedule until spring 1991, when choice trials
began. Group 2 birds were maintained at the
Wildlife Research Station in Algonquin Provincial
Park in individual cages (40 x 30 x 44 cm), where
choice and competition trials were conducted
soon after capture. Birds used in choice trials were
determined to be in breeding condition through
assessment of sex-specific cloacal development.

Birds were kept in individual cages during and
between trials, after which they were transferred
to same-sex aviaries. They were given ad libitum
birdseed, water, cuttlefish bones and grit, and
provided with mealworms, greens and water-
soluble vitamins regularly.

Mate Choice Trials

We conducted one- and two-way mate choice
trials to separate the effects of physical and behav-
ioural factors on mate preferences. We conducted
choice trials in a three-way apparatus (Fig. 1).
Birds in the middle chamber (choosing birds) were
presented with a simultaneous choice of a white-
striped and tan-striped bird of the opposite sex
located in two peripheral chambers. All choosing
birds were run in two trials, in random order,
with different stimulus birds used in each trial. In
the first trial (one-way choice trial), we placed
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Figure 1. Mate choice apparatus during a female choice
trial, with a female in the central chamber and one
tan-striped male and one white-striped male in the outer
stimulus cage. One stimulus cage remained empty. In
male choice trials, a male was placed in the central
chamber and one female of each morph was placed in a
stimulus cage. The dividers (A) between cages allowed
the choosing bird only to see the male it visited, and
prevented the stimulus birds from seeing each other.
During cone-way choice trials, one-way mirrors were
placed between the central and outer cages. During
two-way choice trials, clear glass panels were placed
between the central and outer cages. A choosing bird
was considered to be visiting an outer cage when it
entered the shaded area (0-12 m?) outside that cage. The
central chamber measured 93 cm in diameter and 44 em
high. The dimensions of the stimulus cages were
40 % 30 x 44 cm.

one-way mirrors between the middle chamber and
stimulus birds’ cages. Thus, a choosing bird could
see the stimulus birds, but the stimulus birds were
unable to see the choosing bird. In the second trial
(two-way choice trial), we placed a clear glass
partition between the choosing and stimulus birds’
cages, allowing them to interact but not to have
physical contact. We conducted the experiments
in this order so that one-way trials, in which we
were trying to determine morph preferences in the
absence of potential behavioural correlates, did
not affect behavioural interactions in subsequent
two-way trials. No bird ever saw another bird
more than once, either as a stimulus bird or a
choosing bird.

We conducted choice trials in the following
order. Group 1: female one-way choice (1-12
April), male one-way choice (18-24 April), female
two-way choice (I4-16 May), male two-way
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choice (18-19 May); group 2: female one-way
choice (22-31 May), male one-way choice (4-14
June), female two-way choice (18-19 June), male
two-way choice (20-21 June).

During the 10 days before trials began, we
allowed females to acclimatize in random order by
leaving them alone in the centre of the mate choice
apparatus for 24 h. Food and water were provided
in the middle of the centre cage. Males were not
acclimatized, as they had already experienced the
apparatus during female one-way choice trials.

During a trial, we introduced the choosing bird
into the central chamber and videotaped its
behaviour for 1h, using a camera suspended
above the apparatus. We later measured the
amount of time the choosing bird spent in front of
each peripheral cage from the videotape. We
calculated preference scores as (time visiting
white-striped bird)/(time visiting both birds).

Competition Trials

To determine competitive differences between
the morphs and within a sex, we ran competition
trials on birds from group 2. To begin a trial, we
positioned a white-striped and a tan-striped bird’s
cage on a table visually isolated from the other
cages and clipped them together. We removed the
adjacent sides of the cages, creating one larger
cage (40 x 60 x 44 cm). This created less stress for
the birds than transferring them between cages.
We ran trials for 10 min or until the birds’ welfare
became endangered {one female and one male
trial were stopped on this account). All aggressive
behaviour patterns were noted, as well as the
aggressor and object of aggression. Aggressive
behaviour consisted mainly of one bird flying at or
chasing the other bird, but also included pecking,
a head-forward threat, and trilling and chip-up
vocalizations (see Lowther & Falls 1968, for a
description of aggressive behaviour in the white-
throated sparrow). We scored each trial as won by
a white-striped or a tan-striped bird, a tie, or no
aggression. The winner was defined as the bird
that showed the highest number of aggressive
behaviour patterns toward the other. An
individual’s competitive score was calculated as
wins/(wins+losses). We then ranked these scores,
with the highest score receiving a rank of 1, the
next highest a rank of 2, and so on. All white-
striped birds (6 males, 4 females) were tested with
all tan-striped birds (5 males, 5 females) of the
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same sex. Trials were run from 5 to 21 July 1991,
and no bird experienced more than one trial a day.

RESULTS

Choice Trials

Group 1 and group 2 data were combined for
analyses, as we could see no differences in behav-
wour between the groups. Birds spent on average
half of the 1-h trial visiting stimulus birds
(1849 £ 98-3 5); the average individual visit ( + Sg)
was 137 (£ 32-7)s. During trials, choosing birds
typically began to move back and forth between
the stimuylus birds’ cages less than 10 min after
trials began (X +se latency to begin visiting:
539 + 133-0 5). During the two-way choice trials,
both the choosing bird and stimulus birds dis-
played interest in the other bird(s): the stimulus
birds moved to the front of their cages when they
spotted the choosing bird and would begin hop-
ping back and forth when it approached. In one of
the female one-way choice trials and one of the
female two-way choice trials, a female visited one
male exclusively. Because we could not be sure
that she had seen both males, and was therefore
making an active choice, these trials were excluded
from the analyses. Very few birds vocalized during
trials (12 times in 80 trials), and the few times in
which stimulus birds did wvocalize, it did not
appear to affect the behaviour of the choosing
bird. However, in four of the male two-way choice
trials (two tan-striped and two white-striped
males), one of the stimulus females displayed
extreme aggression (head-forward display and
chip-ups) whenever the male approached her cage.
These trials were excluded from the analyses, as
the male avoided the female and therefore did not
display mate choice.

No differences were found between white-
striped and tan-striped females or white-striped
and tan-striped males in their mate-choice prefer-
ences (Table I, two-factor repeated-measures
ANOVA on propertion of time spent with white-
striped bird: females: morph: F,,=0-4956, P=0-5,
trial:  F,,=3-201, P=009; males: morph:
F5=0-5328, P=0-3, trial: F|;=0-3566, P=0-6}, so
the results were combined for further analysis.

Females showed no significant preference for
either morph in one-way choice trals, but dis-
played a significant preference for tan-striped
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Table I. Results of mate choice trials: comparisons between morphs

Average ( % SE) proportion of

time spent with white-striped stimulus birds

Cheosing bird morph: Tan White
Female choice
One-way 0-600 (0-102) 0-466 (0-096)
Two-way 0-195 (0-067) (353 (0-109)
Male choice
One-way 0-616 (0-098) 0-741 (0-074)
Two-way 0-395 (0-107) 0-620 (0-087)

Table II. Results of mate choice trials. The proportion of time a choosing bird spent with
the white-striped stimulus bird compared with random visitation (0-50)

Average ( £ sE) proportion of

time spent with white stimulus bird * N P
Female choice
One-way 0-529 (0-070) 0-563 19 06
Two-way 0-319 (0-073) —2:653 19 0016
Male choice
One-way 0-684 (0-058) 3-036 20 0-007
Two-way 0-608 (0-067) 1-655 16 01

*1-tests were performed on arcsine square-root transformed proportional data,

males in two-way trials, Males only showed a
strong preference for white-striped females in one-
way trials (Table IT).

Competition Trials

No aggression was displayed by either bird in
five of the female- and six of the male-competition
trials. Of the remaining trials, white-striped
females won 12 trials, tan-striped females won two
trials and one trial was tied. White-striped males
won 21 trials, tan-striped males won two trials,
and one trial was tied. When the competitive
ranks of individual white-striped and tan-striped
birds were compared, white-striped birds had sig-
nificantly higher ranks than tan-striped birds of
the same sex (Table III; Mann—Whitney U-test:

males: z=2-8723, N=11, P<0004; females:
z=2-3875, N=9, P<0-02).
DISCUSSION

Of the possible routes to negative assortative
mating outlined earlier, the hypothesis best

supported by the experiments presented here is
that all females prefer one male morph (tan-
striped), and one female morph (white-striped)
outcompetes the other for access to the preferred
males. The mate choice experiments were not
consistent with preferences for the opposite
morph by either one or both sexes, as females of
both morphs preferred tan-striped males in mate
choice trials and males of both morphs did not
show a strong morph preference. Results of the
competition experiments did not support the
hypothesis that male choice and male-male com-
petition determine the mating pattern, because (1)
males do not appear to have a morph preference
and (2) white-striped males are dominant to tan-
striped males and should be able to outcompete
them for access to white-striped females if they are
preferred.

Females did not display a preference for either
male morph until they were able to interact with
them (two-way choice trials), whereas during
two-way trials males appeared to lose the prefer-
ence for white-striped females displayed in one-
way choice trials. One possible explanation for
this difference is that white-throated sparrows
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Table III. Competitive scores and ranks of white- and tan-striped birds in group 2

White morph Tan morph
WinsH{wins+losses) Rank Wins/(wins +losses) Rank
Males
GROI 4of4 2-5 GROS 20f5 70
AlIR4 2of2 25 CAMI1 0of4 95
CAM?2 40f 4 25 POGI 0of 4 95
GROI10 40f 4 25 GRO7 Dof6 95
POG2 40of 5 5 GRO4 0of 4 9-5
GROB Jof4 6
Average rank: 3-5 (0-65) 9-0 (0-50)
Females
PLE2 40f 4 2 PLE4 1of2 55
AlIR7 1of i 2 CAM6 lof4 70
CAMS Jof3 2 CAD2 0of 5 85
KEA1 Jof4 4 AIR3 Qof 3 85
PLE1 lof2 55
Average rank; 2-6 {(r63) 69 (0-71)

require behavioural cues to identify the sex of
conspecifics. Thus, females showed no differen-
tial attraction to birds of unknown sex, but
preferred tan-striped to white-striped males.
Males, however, appeared to be attracted to
white-striped birds of unknown sex, but dis-
played no clear preference for either female
morph. Although all one-way trials were run
before all two-way trials, the difference in results
between the one- and two-way trials does not
appear to be due to birds needing to become
accustomed to the mate choice apparatus. If this
were the case, we would predict that choosing
birds would spend more time visiting stimulus
birds during two-way trials. However, there was
no significant difference in the amount of time
choosing birds visited stimulus birds in one- and
two-way trials (total visiting time: one-way trials:
1989 +129-8s; two-way trials: 1812 + 162-65;
repeated-measures ANOVA: trials: F,;=1-1316,
P=03; subjects: F;3=2-1236, P=001). It is
possible that males showing a ‘preference’ for
white-striped birds of unknown sex were display-
ing aggressive rather than sexual behaviour,
White-striped models placed on white-throated
sparrow territories are attacked at higher rates
than tan-striped models (Jones 1987, Kopachena
1992). It is also possible that males approached
white-striped females more than tan-striped
females in one-way trials because the white-
striped morph is an aggressive stimulus,

Tuttle (1993) also found that both female
morphs of the white-throated sparrow prefer
tan-striped males in laboratory mate choice
experiments. Her females received oestradiol
implants prior to the experiments and choice was
determined by copulation solicitations directed at
males. She also found that males of both morphs
spent more time with white-striped females in
two-way choice trials.

Further support for the hypothesis that female
choice and female—female competition are import-
ant in determining the white-throated sparrow’s
negative assortative mating pattern comes from
field studies of the species. White-striped females
and tan-striped males pair earlier than white-
striped males and tan-striped females, even
though there is no difference in arrival time at the
breeding grounds between morphs within a sex
(Knapton et al. 1984). This is consistent with
white-striped females outcompeting tan-striped
females for access to tan-striped males as mates,
and tan-striped females then accepting the less
preferred white-striped males as mates.

Results of the competition experiments are
supported by earlier studies of dominance and
aggression in white-throated sparrows. Although
tan-striped females may be dominant to white-
striped females in winter feeding flocks (Watt
et al. 1984), white-striped birds of both sexes
appear to be dominant to tan-striped birds at all
other times. White-striped males are dominant to
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tan-striped males in winter flocks (Watt et al
1984). White-striped birds are dominant to tan-
striped birds during migration (Hailman 1975;
Ficken et al. 1978) and are more aggressive on the
breeding grounds (cf. Lowther & Falls 1968).

It is surprising that disassortative mating in
over 90% of the population can be explained by
anything other than preferences for the opposite
morph by both sexes, unless there are nearly
identical numbers of tan-striped males and white-
striped females. If there were an excess of tan-
striped males, then tan-striped females should pair
with them rather than the less preferred white-
striped males. If there were more white-striped
females, any remaining white-striped females
should outcompete tan-striped females for access
to white-striped males, assuming that a second-
choice mate is better than none at all. In either
case we would expect to see a higher proportion of
same-morph matings on the breeding grounds
than we do. There is some evidence that there
are similar numbers of tan-striped males and
white-striped females in the adult population.
Watt et al. (1984) found that 36% of males
were tan-striped and 38% of femaies were white-
striped on white-throated sparrow wintering
grounds in Pennsylvania. Similar values have been
found during spring migration through Long
Point, Ontario, and Chicago, Illinois, suggesting
morph-specific differences in post-fledging losses
(unpublished data).

What are the reproductive consequences of
negative assortative mating in white-throated
sparrows? White-striped males are the most
aggressive, sing the most and spend the most time
in territory defence of the morphfsex types
(Lowther & Falls 1968; Kopachena 1992). Tan-
striped males and white-striped females display
intermediate levels of agpressive, song and terri-
torial behaviour, while tan-striped females show
little such behaviour (Kopachena 1992). In con-
trast, chick feeding rates are highest for tan-
striped females; intermediate for tan-striped males
and white-striped females, and lowest for white-
striped males (Knapton & Falls 1983; Kopachena
1992). When the behaviour patterns of the pair
types are compared, ie. white-striped males/
tan-striped females and white-striped females/
tan-striped males, the total amount of time each
pair type spends in territory defence, chick feeding
and the number of offspring fledged do not differ
(Knapton & Falls 1983; Kopachena 1992). Thus,
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the pair types offer alternative patterns of parental
investment leading to identical levels of repro-
ductive success. It is possible that monomorphic
pairs would either spend too little effort in chick
feeding, in the case of white—white pairs, or too
little effort in territory defence, in the case of
tan—tan pairs (Kopachena 1992). This could
create strong selection pressure for disassortative
mating.

We suggest that maintenance of negative assor-
tative mating, and thus a balanced polymorphism,
in the white-throated sparrow is a three-step
process. The first step is mate choice and sexual
competition, as assessed in our study: females of
both morphs preferred to pair with tan-striped
males and white-striped females can outcompete
tan-striped females for access to these preferred
males. Tan-striped females should then pair with
white-striped males. The second step is during the
establishment of a pair bond, as shown by J.
Kopachena (unpublished data) in a study in which
he introduced white-striped males into aviaries
with either white- or tan-striped females.
Although the males initially displayed high levels
of aggression towards both types of females,
within a few weeks, aggression levels towards
tan-striped females were significantly lower than
those towards white-striped females. Thus, any
white-striped birds that managed to pair mono-
morphically in step 1 would have difficulty estab-
lishing a pair bond due to high levels of male
aggression toward the female. The final step
would be during nesting and reproduction. Tan-
striped monomeorphic pairs would have difficulty
in holding territories, due to their low level of
territorial behaviour in relation to dimorphic
pairs, while white-striped monomorphic pairs
would have difficulty in fledging chicks, due to
their refatively low level of chick feeding. These
three steps together may explain the uniquely high
level of negative assortative mating seen in the
white-throated sparrow.

ACKNOWLEDGMENTS

Christene Hubbard and Duane Lundy assisted in
running experiments. Thanks to Deborah McLen-
nan, Jeff Kopachena, Scott Ramsay, Elizabeth
Jordan, Chris Thompson and two anonymous
referees for helpful comments on early versions of
the manuscript. Alastair Inman contributed to



Houtman & Falls; Disassortative mating in sparrows

several stages of the project. A M.H. was sup-
ported by an NSERC post-doctoral fellowship
and NSERC grant No. A0898 to J.LB.F.

REFERENCES

Atkinson, C. T. & Ralph, C. J. 1980. Acquisition of
plumage polymorphism in white-throated sparrows.
Auk, 97, 245-252.

Ficken, R. W_, Ficken, M. 5. & Hailman, J. P. 1978.
Differential aggression in genetically different morphs
of the white-throated sparrow (Zonotrichia albicollis).
Z. Tierpsychol., 46, 43-57,

Hailman, J. P. 1975. Analysis of aggression in white-
throated sparrow types of different propoertions. Bird-
Banding, 46, 236-240.

Jones, J. G. 1987. Use of space by male white-throated
sparrows {Zonotrichia albicollis). Ph.D. thesis, Uni-
versity of Toronte.

Knapton, R. W, Cartar, R, V. & Falis, J. B. 1984. A
comparison of breeding ecology and reproductive
success between morphs of the white-throated
sparrow. Wilson Bull, 96, 60-71.

Knapton, R. W. & Falls, I. B. 1982, Polymorphism in
the whilte-throated sparrow: habitat occupancy and
nest-site selection. Can. J. Zool, 60, 452439,

Knapton, R. W. & Falls, J. B. 1983. Differences
parental contribution among pair types in the poly-
morphic white-throated sparrow. Can. J Zool, 61,
1288-1292.

Kopachena, J. 1992. Behavioural correlates of plumage
polymorphism and post-fledging parental care in the
white-throated sparrow, Zonotrichia aibicollis. Ph.D.
thesis, University of Toronto.

383

Lowther, J. K. 196]. Polymorphism in the white-
throated sparrow, Zonotrichia albicollis. Can. J. Zool,
39, 281-292.

Lowther, J. K. & Falls, 1. B. 1968. White-throated
sparrow. U.S, nam. Mus. Bull., 337, 1364-1392.

Murton, R. K., Westwood, N. J. & Thearle, R. J. P.
1973. Polymorphism and the evolution of a continu-
ous breeding season in the pigeon, Columba livia.
J. Reprod. Fert., Suppl., 19, 563-577.

Rising, J. D. & Shields, G. F. 1980, Chromosomal and
morphological correlates in twe New World sparrows
(Emberizidae). Evolution, 34, 654-662.

Sheppard, P. M. 1952. A note on non-random mating
in the moth Panaxia dominula (L.). Heredity, 6,
239-241.

Thorneycroft, H. B. 1966. Chromosomal polymorphism
in the white-throated sparrow, Zonotrichia albicollis
(Gmelin). Science, 154, 15711572,

Thorneycroft, H. B. 1976, A cytogenetic study of
the white-throated sparrow, Zonotrichia albicollis
{Gmetin). Evolution, 29, 611-621.

Tuttle, E. M. 1993. Mate choice and disassortative
mating in the white-throated sparrow. Ph.D. thesis,
State University of New York Albany, New York.

Watt, D. I, Ralph, C. J. & Atkinscn, C. T. 1984. The
role of plumage polymorphism in dominance relation-
ships of the white-throated sparrow. Auk, 101, 110~
120.

Yamazaki, K., Beauchamp, G. K., Bard, J., Thomas, L.
& Boyse, E. A. 1982. Chemosensory recognition of
phenotypes determined by the Tla and H-2K regions
of chromosome 17 of the mouse. Proc. natn. Acad
Sci, U.S.A., 79, 7828-7831.



