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Seasonal Variation in Gene Frequencies in the
House Sparrow (Passer domesticus)

JOHN M. BATES AND ROBERT M. ZINK
Museum of Natural Science and Department of Zoology and Physiology,
Louisiana State University, Baton Rouge, Louisiana 70803, USA

Differential survivorship within a population is
usually considered to be a result of natural selection.
It is, however, difficult to identify specific causes of
selection and the levels at which they operate (Endler
1986, Grant 1986). Several avian studies have exam-
ined genetic changes in allozymic frequencies in pop-
ulations across seasons, one period when selection
could operate (Fleischer 1983a, b, Burns and Zink
1990, Retzlaff 1989). For allozymes, the question of
whether gene frequencies vary seasonally is relevant
because of the controversy over whether or not al-
lozymic variation is primarily neutral (Fuerst et al.
1977, Baker and Fox 1978, Barrowclough et al. 1985,
Nei 1987, Zink and Watt 1987).

The House Sparrow (Passer domesticus) has been an-
alyzed for geographic variation in both allozymes and
morphology (reviewed by Parkin 1987). Seasonal
variation in morphology attributed to natural selec-
tion has been reported by Fleischer and Johnston
(1982) for House Sparrows in Manhattan, Kansas.
However, there was no seasonal variation in allo-
zymes in the House Sparrow populations from Kansas
(Fleischer 1983a, b), and none was found in a similar
study on House Sparrows collected in North Dakota
(Retzlaff 1989). During 1987-1988, we studied a pop-
ulation of House Sparrows in Baton Rouge, Louisiana,
a site with considerably milder winters than Kansas
or North Dakota. Baton Rouge winters consist of short
cold periods usually lasting for only a few days, and
freezing temperatures are recorded only a few times
each winter. Temperatures for the 1987-1988 winter
followed this pattern, although the mean daily min-
imum temperature for January 1988 was 2.5°C, which
is 2° colder than the long-term monthly mean
(N.O.A.A. 1987, 1988). We tested the null hypothesis
that recruitment and over-winter survival in this
House Sparrow population was independent of an
individual’s genotype at 29 allozyme loci.

We used mist nets and traps to collect 186 House
Sparrows from several sites around the campus of
Louisiana State University (LSU), Baton Rouge. All

individuals were collected between September 1987
and June 1988 and prepared as skeletons, which are
housed at the Museum of Natural Science, LSU. From
each individual, samples of liver, heart and breast
muscle were collected and stored at —76°C. Protein
electrophoresis followed standard techniques (Selan-
deretal. 1971, Harris and Hopkinson 1976, Zink 1986).
During electrophoretic analyses, no attempt was made
to sort individuals by date of collection, sex, or age
classes, to prevent biased interpretation of the data.
In an initial screening, 28 individuals were surveyed
for 30 loci, and the following loci (acronyms follow
Gerwin and Zink 1989) had little or no variability
(frequency of the common allele > 95%): ACONI,
ACONZ2, ADH, ALD, EAP, ESTD, FUMH, GOT1, GOT2,
aGPD, GPT, GR, Hb, HK, LDH1, LDH2, ME, MDH1,
MDH2, MPI, SDH, SOD1, SOD2. All 186 individuals
were surveyed for the six loci most variable: sIDH,
mIDH, PGM, 6PGD, and peptidases LAl and LGG.
An additional locus, purine nucleoside phosphory-
lase (NP), appeared to show substantial variation;
however, after a large series of reruns on all individ-
uals, scoring was too inconsistent and the locus was
excluded from the analysis.

For analysis, specimens were combined from the
several collecting sites (located up to 8 km apart) be-
cause no significant differences in heterozygosity or
gene frequencies could be detected among sites for
any locus. Specimens, divided by sex and age, were
divided into three temporal categories: fall (Septem-
ber to 14 December 1987, n = 64); winter (24 January
to 13 February 1988, n = 43); and summer (May and
June 1988, n = 79). All birds in which the skull was
less than 90% ossified were considered immatures. By
the end of December, hatching-year (HY) birds prob-
ably have completely ossified skulls (Pyle et al. 1987).
All birds in the winter sample had ossified skulls, so
these groups likely include some HY birds.

Heterozygosities (H) were calculated by direct count
for each locus and summed over all loci for each sam-
ple category. G-tests were performed on genotype
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frequencies across each locus for all age classes and
temporal groupings using the computer program
GENESYS written by K. W. Corbin. We tested the
distribution of allele frequencies for the 28 individ-
uals surveyed for 29 loci (excluding NP) for fit to
predictions of the mutation-drift theory (infinite al-
leles-constant mutation model, IC; Fuerst et al. 1977,
Chakraborty et al. 1980) using a computer program
written by G. F. Barrowclough (Barrowclough et al.
1985). A Kolmogorov-Smirnov test was used to ex-
amine the null hypothesis that the observed distri-
bution of alleles was consistent with the distribution
predicted by the IC model (Barrowclough et al. 1985).
Failure to reject the null hypothesis suggests that mu-
tation and genetic drift are sufficient to explain the
maintenance of genetic variation within populations.

All groups exhibited a predominant allele at each
locus (Table 1). Of the polymorphic loci, mIDH and
sIDH exhibited two alleles, and the other four loci
exhibited a rare third allele, which was pooled with
the other uncommon allele. For the 28 individuals
surveyed for 29 loci, H = 0.04, a typical value for birds
(Corbin 1987). In females, overall H for the six vari-
able loci increased slightly through the winter, al-
though only variation at LGG was responsible for this
trend (and variation at LGG was not statistically sig-
nificant; G = 20.9, df = 18, P > 0.05). There is no trend
for H in males across loci. Genotypic frequencies for
each age and sex group over the three seasonal pe-
riods for the six variable loci exhibit some variation
(Table 1). However, only variation at mIDH was sig-
nificant (G = 29.6, df = 18, P < 0.05; Table 1). Winter
males, spring adult males, and winter females exhib-
ited proportionately fewer heterozygotes for mIDH
than observed in other classes. The distribution of
alleles in the 28 individuals surveyed for 29 loci did
not differ significantly from that predicted by the
mutation-drift (IC) model (Kolmogorov-Smirnov D,,,,
= 0.10, P > 0.05).

To examine further the nature of variation at mIDH,
we calculated observed and expected gene frequen-
cies for juvenile birds from spring 1988 and the po-
tential parents of the spring 1988 juveniles, including
all fall and winter birds from 1987 (first-year House
Sparrows often breed [Summers-Smith 1963]). Ob-
served and expected genotype frequencies did not
differ significantly (X* = 0.93, P = 0.628; Table 2).
Genotype proportions for the mIDH locus for both
classes appear to be in Hardy-Weinberg equilibrium.

Fleischer et al. (1983) found that heterozygosity at
several loci, including mIDH, was correlated nega-
tively with morphological variability in Kansas House
Sparrows. They suggested that heterozygosity per se
may be adaptive because the presence of two alleles
buffers an individual against environmental extremes
(Lerner 1954). If a buffering effect due to heterozy-
gosity at mIDH were occurring in House Sparrows,
one would predict that heterozygosity would increase
over the course of the winter. However, three studies
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(Fleischer 1983a, Retzlaff 1989, this study) did not find
significant over-winter increases in heterozygosity.
Heterozygosity per se is not directly heritable. There-
fore, the fitness effect of H on survival is indirect, if
an effect occurs at all. The conformance of our data,
and those for other avian species, to predictions of the
IC model indicates that stochastic factors (e.g. genetic
drift) are sufficient to explain the maintenance of ge-
netic variation at enzyme-coding loci (Barrowclough
et al. 1985). We suggest that allozymic heterozygosity
per se is of little or no adaptive value in House Spar-
rows, as has been suggested for other species (Zink
et. al 1985, Zink and Watt 1987).

Given the mild winter climate of Louisiana relative
to Kansas and North Dakota, perhaps seasonal vari-
ation in allozyme frequencies should not be expected
in the population we studied. Although no studies of
geographical variation in cold tolerance in House
Sparrows have been undertaken, seasonal acclimati-
zation has been found within some populations (Bar-
nett 1970, Blem 1980). If higher heterozygosity en-
hances fitness, heterozygosity should increase in more
harsh environments (such as populations from North
Dakota, England and New Zealand compared to
southwestern Europe and Australia; Retzlaff 1989,
Parkin and Cole 1984), but it does not. However, low
levels of natural selection might not be detected by
our survey, and we encourage other such studies to
test the generality of our conclusion with larger sam-
ple sizes.

Burke (1984) established Mendelian inheritance of
alleles at mIDH in House Sparrows breeding in En-
gland. Our results show significant variation in het-
erozygosity at mIDH between the classes studied;
however, we find no pattern in the variation that
implicates natural selection. The lowest heterozygos-
ity for either sex was observed in winter birds col-
lected after the colder-than-usual January, contrary
to the prediction of enhanced survival due to hetero-
zygosity. Segregating data by age class also allowed
us to evaluate the notion that selection operates across
the winter. If natural selection favored heterozygos-
ity at mIDH (e.g. overdominance), the winter sample
should have shown departures from Hardy-Weinberg
equilibrium, which it did not. Although one gener-
ation of random mating would restore Hardy-Wein-
berg equilibrium in the offspring, both potential par-
ents and juveniles show similar heterozygosities, gene
frequencies, and conformance to predictions of Har-
dy-Weinberg equilibrium (Table 2). Genotypes of the
juvenile cohort were a random sample of those in the
breeding population, indicating no effects of selec-
tion in early development.

Our study and others on House Sparrow popula-
tions elsewhere (Australia, Manwell and Baker 1975;
New Zealand, Parkin and Cole 1985; England, Parkin
and Cole 1984; North America, Fleischer 1983a, Retz-
laff 1989) have revealed that heterozygosity at the
mIDH locus is unusually high (H = 0.40) compared
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TaBLE 1. Genotype frequencies and heterozygosity estimates for six variable loci in three seasonal samples
of House Sparrows separated into sex and age categories. Sample sizes for each group shown in parentheses.
G-test scores (df = 18) indicate amount of heterogeneity between samples for given locus.

Genotype sIDH mIDH PGM 6PGD LA LGG H?

Fall adult males (22)

AA 0.82 0.33 0.91 1.00 0.91 0.95

BB 0.00 0.08 0.00 0.00 0.00 0.00

AB 0.18 0.59 0.09 0.00 0.09 0.05 0.167

Fall juvenile males (19)

AA 0.95 0.21 0.89 1.00 0.89 0.95

BB 0.00 0.16 0.00 0.00 0.00 0.00

AB 0.05 0.63 0.11 0.00 0.11 0.05 0.158

Winter males (24)

AA 1.00 0.58 0.88 0.83 0.96 1.00

BB 0.00 0.09 0.04 0.04 0.00 0.00

AB 0.00 0.33 0.08 0.13 0.04 0.00 0.167

Summer adult males (14)

AA 0.86 0.71 0.86 0.93 0.93 1.00

BB 0.00 0.08 0.00 0.00 0.00 0.00

AB 0.14 0.21 0.14 0.07 0.07 0.00 0.107

Summer juvenile males (28)

AA 0.86 0.43 0.83° 0.86 1.00 1.00

BB 0.00 0.00 0.00 0.04 0.00 0.00

AB 0.14 0.57 0.17 0.10 0.00 0.00 0.168
Fall adult females (9)

AA 1.00 0.55 1.00 1.00 0.89 1.00

BB 0.00 0.00 0.00 0.00 0.00 0.00

AB 0.00 0.45 0.00 0.00 0.11 0.00 0.093

Fall juvenile females (14)

AA 1.00 0.38° 0.93 1.00 1.00 1.00

BB 0.00 0.08 0.00 0.00 0.00 0.00

AB 0.00 0.54 0.07 0.00 0.00 0.00 0.096
Winter females (19)

AA 0.84 0.74 0.74 0.95 0.84 0.89

BB 0.00 0.05 0.11 0.00 0.00 0.00

AB 0.16 0.21 0.15 0.05 0.16 0.11 0.140

Summer adult females (12)

AA 0.83 0.25 0.91° 0.92 0.83 0.67

BB 0.00 0.25 0.00 0.00 0.00 0.00

AB 0.17 0.50 0.09 0.08 0.17 0.33 0.211

Summer juvenile females (25)

AA 0.84 0.46° 0.96* 0.88 0.88 0.88

BB 0.04 0.12 0.00 0.00 0.00 0.00

AB 0.12 0.42 0.04 0.12 0.12 0.12 0.158

He 0.10 0.42 0.10 0.06 0.08 0.05 0.140¢

G 19.205 29.561¢ 14.689 18.465 10.565 20.923

* Heterozygosity across loci within sex/age classes.

® Genotype of one individual in sample could not be determined for locus.
< Heterozygosity per locus across sex/age classes.

4 Heterozygosity across all loci and sex/age classes.

* Significant at P < 0.05.

to this or any other locus investigated in traditional closely related congener to the House Sparrow, the
avian studies (not employing isoelectric focusing). St.  Eurasian Tree Sparrow (Passer montanus). This sug-
Louis and Barlow (1988) found heterozygosities at  gests that, within Passer, there is a phylogenetic com-
mIDH of 0.3 in five of six populations of a presumably  ponent to this high heterozygosity, because Evans

P
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TaBLE 2. Genotypes for mIDH locus separated into
potential parents (see text) and summer juveniles.
Expected values for juveniles calculated from po-
tential parents assuming random mating.

Summer 1988 juveniles

Potential
Genotype parents Expected  Observed
AA 65 21.7 23
AB 57 257 26
BB 11 4.6 3

(1987) reported only 19% (12 of 63) of studies of mIDH
in birds found polymorphism at the locus. When a
locus that is not generally variable in most bird spe-
cies is highly heterozygous in one species, it merits
study. The high levels of mIDH polymorphism in
House Sparrows might simply be a random result of
the distribution of heterozygosity across loci. Possibly
age-dependent effects influence mIDH gel patterns
(and mimic a pattern of inheritance), but this remains
to be tested. We suggest that natural selection is an
unlikely influence on this locus.

This study was supported by a Frank M. Chapman
Memorial Fund Grant to J.M.B. M. C. Garvin, S. J.
Hackett, P. P. Marra, and K. V. Rosenberg helped
collect and prepare specimens. R. C. Fleischer pro-
vided unpublished data from House Sparrows col-
lected in Kansas and North Dakota. The manuscript
benefitted from the comments of K. J. Burns, A. P.
Capparella, S. J. Hackett, M. S. Hafner, and A. T.
Peterson.

LITERATURE CITED

BAkeRr, M. C., AND S. F. Fox. 1978. Dominance, sur-
vival and enzyme polymorphism in Dark-eyed
Juncos, Junco hyemalis. Evolution 32:697-711.

BARNETT, L. B. 1970. Seasonal changes in tempera-
ture acclimatization of the House Sparrow, Passer
domesticus. Comp. Biochem. Physiol. 33:559-578.

BARROWCLOUGH, G. F., N. K. JOHNSON, AND R. M. ZINK.
1985. On the nature of genic variation in birds.
Curr. Ornithol. 2:135-154.

BLem, C. R. 1980. Multiple regression analyses of
mid-winter lipid levels in the House Sparrow
(Passer domesticus). Pages 1136-1142 in Acta XVII
Congressus Internationalis Ornithologici (R.
No&hring, Ed.). Berlin, 1978. Deutsche Ornitholo-
gen-Gesellschaft, Berlin.

BURKE, T. 1984. The ecological genetics of two pop-
ulations of the House Sparrow, Passer domesticus.
Ph.D. thesis, Univ. Nottinghan, Nottingham,
United Kingdom.

Burns, K. J., AND R. M. ZINK. 1990. Temporal and
geographic homogeneity of gene frequencies in
the Fox Sparrow (Passerella iliaca). Auk 107:421-
425,

Short Communications and Commentaries

661

CHAKRABORTY, R., P. A. FUERST, AND M. NEL 1980.
Statistical studies on protein polymorphism in
natural populations. III. Distribution of allele fre-
quencies and the number of alleles per locus.
Genetics 94:1039-1063.

CorBIN, K. W. 1987. Geographic variation and spe-
ciation. Pages 321-353 in Avian genetics (F. Cooke
and P. A. Buckley, Eds.). Academic Press, Lon-
don.

ENDLER, J. A. 1986. Natural selection in the wild.
Princeton Univ. Press, Princeton, New Jersey.

Evans, P. G. H. 1987. Electrophoretic variability of
gene products. Pages 105-162 in Avian genetics
(F.Cooke and P. A. Buckley, Eds.). Academic Press,
London.

FLEISCHER, R. C. 1983a. Population structure, genetic
structure and natural selection in the House Spar-
row. Ph.D. thesis, Univ. Kansas, Lawrence, Kan-
sas.

FLEISCHER, R. C. 1983b. A comparison of theoretical
and electrophoretic assessments of genetic struc-
ture in populations of the House Sparrow (Passer
domesticus). Evolution 37:1001-1009.

FLEISCHER, R. C., AND R. F. JoUNSTON. 1982. Natural
selection of body size and proportions in House
Sparrows. Nature (Lond.) 298:747-749.

FLeiscHER, R. C.,, R. F. JOHNSTON, AND W. J. KLITZ.
1983. Allozymic heterozygosity and morpholog-
ical variation in House Sparrows. Nature (Lond.)
304:628-630.

FuersT, P. A., R. CHAKRABORTY, AND M. NEI. 1977.
Statistical studies on protein polymorphism in
natural populations. I. Distribution of single lo-
cus heterozygosity. Genetics 86:455-483.

GERWIN, J. A., AND R. M. ZINK. 1989. Phylogenetic
patterns in the genus Heliodoxa (Aves; Trochili-
dae): An allozymic perspective. Wilson Bull. 101:
525-544.

GRANT, P. R. 1986. The ecology and evolution of
Darwin’s finches. Princeton Univ. Press, Prince-
ton, New Jersey.

Harris, H., AND D. A. HOPKINSON. 1976. Handbook
of enzyme electrophoresis in human genetics.
North-Holland Publishing Co., Amsterdam.

LERNER, I. M. 1954. Genetic homeostasis. John Wiley
and Sons, New York.

MANWELL, C., AND C. M. A. Bakir. 1975. Molecular
genetics of avian proteins. XIII. Protein poly-
morphism in three species of Australian passer-
ines. Aust. J. Biol. Sci. 28:545-557.

N.O.A.A. 1987. Local climatological data: Annual
summary: Baton Rouge, Louisiana. National Cli-
matic Data Center, Asheville, North Carolina.

N.O.AA. 1988. Local climatological data: Annual
summary: Baton Rouge, Louisiana. National Cli-
matic Data Center, Asheville, North Carolina.

NE1, M. 1987. Molecular evolutionary genetics. Co-
lumbia Univ. Press, New York.

PARKIN, D. T. 1987. Evolutionary genetics of House



662

Sparrows. Pages 381-406 in Avian genetics (F.
Cooke and P. A. Buckley, Eds.). Academic Press,
London.

PARKIN, D. T,, AND R. S. COLE. 1984. Genetic varia-
tion in the House Sparrow (Passer domesticus) in
the east midlands of England. Biol. J. Linn. Soc.
23:287-301.

PARKIN, D. T, AND R. S. CoLE. 1985. Genetic varia-
tion and rates of evolution in some populations
of the House Sparrow (Passer domesticus) in Aus-
tralia and New Zealand. Heredity 54:15-23.

Pyig, P, S. N. G. HoweLL, R. P. YaNUK, AND D. F.
DESANTE. 1987. Identification guide to North
American passerines. Slate Creek Press, Bolinas,
California.

RETZLAFF, G. A. 1989. The effect of winter conditions
on allozymic and morphological variation in
House Sparrows (Passer domesticus). M.S. thesis,
Univ. North Dakota, Grand Forks.

SELANDER, R. K., M. H. SmitH, S. Y. YanGg, W. E.
JOHNSON, AND J. B. GENTRY. 1971. Biochemical
polymorphism and systematics in the genus Pero-

Short Communications and Commentaries

[Auk, Vol. 109

myscus. 1. Variation in the old-field mouse (Pero-
myscus polionotus). Univ. Texas Publ. Zool. 7103:
49-90.

St. Lours, V. L., aND J. C. BarLow. 1988. Genetic
differentiation among ancestral and introduced
populations of the Eurasian Tree Sparrow (Passer
montanus). Evolution 42:266-276.

SUMMERS-SMITH, J. D. 1963. The House Sparrow.
Collins, London.

ZINK, R. M. 1986. Patterns and evolutionary signif-
icance of geographic variation in the Schistacea
group of the Fox Sparrow (Passerella iliaca). Or-
nithol. Monogr. 40:1-119.

ZINK, R. M., M. F. SMITH, AND J. L. PATTON. 1985.
Associations between heterozygosity and mor-
phological variance. J. Hered. 76:415-420.

ZINK, R. M., AND D. J. WATT. 1987. Allozymic cor-
relates of dominance ranks in sparrows. Auk 104:
415-420.

Received 2 May 1991, accepted 13 January 1992.

The Auk 109(3):662-664, 1992

Experimental Evidence for Importance of Male Parental Care in
Monogamous House Wrens
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One hypothesis for the predominance of monog-
amous pair bonds among birds is that biparental care
is essential if individuals are to raise any young to
independence (Wittenberger and Tilson 1980). To test
this hypothesis and to assess the importance of male
care in determining reproductive success, researchers
have removed males from breeding pairsin a number
of monogamous bird species (reviews in Wolf et al.
1988, Bart and Tornes 1989, Dunn and Hannon 1989).
In one such study on an Ohio population of House
Wrens (Troglodytes aedon), Bart and Tornes (1989) re-
moved males from territories approximately one-third
of the way through the nestling stage. Under normal
breeding conditions, “widowed” females raised as
many young as control females from intact pairs. Wid-
owed females experienced reduced fledging success
only during one unusually cold, wet spring.

¢ Present address: Department of Biological Sci-
ences, University of Pittsburgh, Pittsburgh, Pennsyl-
vania 15260, USA.

Because Bart and Tornes (1989) did not remove males
until several days after eggs hatched, they could not
assess the importance of the male’s presence during
the earliest part of the nestling stage. However, male
feeding assistance may be most critical at this time
because females must provide the heterothermic
young with heat during extended periods of brood-
ing. Nestling House Wrens cannot thermoregulate as
a brood until sometime between the fifth and tenth
day of the nestling stage, depending on brood size
(Dunn 1976). Until this time, the need to brood young
may limit a female’s ability to compensate fully for a
lack of male parental effort (Wittenberger and Tilson
1980, Clark and Ricklefs 1988). Here we assess the
importance of having male care during the early part
of the nestling stage by examining the reproductive
success of female House Wrens whose mates were
removed two to four days before eggs hatched.

We conducted this study in 1990 on cattle ranches
near Big Horn, Sheridan Co., Wyoming (44°40'N,
106°56'W). All wrens studied nested in wooden boxes
mounted on greased poles to reduce nest predation.



