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GEOGRAPHIC VARIATION IN WINTER FAT OF DARK-EYED
JUNCOS: DISPLACEMENT TO A COMMON ENVIRONMENT!

CHRISTOPHER M. ROGERS,? VAL NOLAN JR.,> AND ELLEN D. KETTERSON
Department of Biology, Indiana University, Bloomington, Indiana 47405 USA

Abstract. Many small temperate-zone birds fatten in winter and use this reserve when
food becomes unavailable. The winter body mass of migratory Dark-eyed Juncos (Junco
hyemalis) usually is greater where severe weather is more frequent, i.e., at higher latitudes
or altitudes. The mechanism responsible for this geographic variation is unknown, and we
asked whether geographically separated populations are composed of birds with different
capacities or tendencies to fatten. We sampled the lipid index (LI, grams of lipid per gram
of lean dry mass) of free-living juncos at three latitudes in two winters and found geographic
variation. However, the pattern of variation in LI at the three latitudes was not consistent,
either within or between winters.

We also displaced wintering juncos from northern, intermediate, and southern sites
and exposed them to a common environment in Indiana. One group of displaced birds
was released in natural junco habitat (during three winters), and another was held outdoors
in captivity (during two winters). Many released birds remained nearby, and when we
recaptured some of them in late winter the LIs of the three geographic subgroups were
statistically indistinguishable. It was also indistinguishable from the LI of juncos sampled
at that time from the free-living Indiana population. Among the displaced birds that we
held captive, we found no differences among the geographic subgroups either in LI or total
body mass. In one of the years, late-winter LI and body mass of the captives did not differ
from values for the released group or from values of newly caught Indiana juncos, but in
the second year values for the captives were lower.

Our results indicate that geographic variation in winter fattening of juncos is not a
population-specific trait that persists independently of current environmental information
and that it probably reflects a response to local environmental conditions. To our knowl-
edge, this is the first experiment using free-living birds to test the role of the environment

in maintaining geographic variation in a life history trait in the nonbreeding period.
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INTRODUCTION

In winter, many bird species at temperate latitudes
increase stored body fat (see King 1972, Blem 1976
and, for reviews, Dawson et al. 19835, Blem 1990).
Winter fat supplies energy for thermoregulation during
long, cold winter nights (Lehikoinen 1987, Webb and
Rogers 1988, Rogers and Rogers 1990) and provides
an emergency reserve during periods of sudden food
shortage, such as occur after snowfall (King 1972, Ket-
terson and King 1977, Nolan and Ketterson 1983, Rog-
ers 1987, Dawson and Marsh 1989). Fattening varies
geographically in some species, the usual pattern being
a positive relationship between fat and latitude (Blem
1973, Dick and Pienkowski 1979, Nolan and Ketterson
1983), although there are exceptions (King and Me-
waldt 1981, Dawson and Marsh 1986). Further, lipid
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reserves at any particular site, at least at higher lati-
tudes, tend to be low after autumn migration and in
early winter and to reach a peak in mid- or late-winter
(Helms et al. 1967, Evans 1969, Newton 1969, Carey
et al. 1978, Blem 1980, Dawson et al. 1983a, Lehi-
koinen 1986, 1987 are examples), although again there
are exceptions (e.g., Blem 1981, Mortensen et al. 1985).
Thus, both geographic and temporal variation appear
to reflect associated variation in nightly thermoregu-
latory demands and probability of weather-related fast-
ing.

The fat reserve can be viewed as a life history trait
that allows bird populations to adjust to winter envi-
ronmental conditions (Nolan and Ketterson 1983, Lima
1986, Rogers 1987, Houston et al. 1988). The winter
environment of interior North America is character-
ized by highly variable temperature and snowfall. As
a result, for small ground-feeding birds, metabolic de-
mands and access to food are unpredictable. Plasticity
in life history traits is expected to evolve in such un-
certain environments (Bradshaw 1965, Levins 1968,
Jain 1979, Caswell 1983, Newman 1988, 1989, Stearns
1989). Therefore geographic differences in fattening may
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be attributable to plasticity of behavior and physiology
in response to recent and current local environmental
conditions. Alternatively, these differences might re-
flect the operation of past selection on geographically
separated winter populations, adapting members of the
populations to average environmental conditions at
the appropriate latitudes. We report a set of “common
garden” experiments designed to distinguish between
these hypotheses in the Dark-eyed Junco (Junco hye-
malis), a small-bodied emberizid finch that exhibits
north-to-south variation in the winter fat level.

Nolan and Ketterson (1983) measured winter body
mass and visible subcutaneous fat of Dark-eyed Juncos
at five locations in the eastern United States and found
that both mass and visible fat were greater in the north
than in the south. Values varied clinally southward to
about latitude 36° N; south of this, variation disap-
peared (Nolan and Ketterson 1983). Latitude, snow
cover, day length, and recent temperature all produced
significant partial regression coefficients when related
to mass, with latitude accounting for the greatest per-
centage of variation. Visible fat class, body mass, and
lipid index (LI, ratio of dried extractable fat to lean
mass) are strongly correlated in juncos (Rogers and
Rogers 1990, Rogers 1991).

These relationships are consistent with both of the
possibilities presented above. First, fat storage in jun-
cos may be regulated in large measure by the severity
of recent weather. Recently experienced day length is
also an environmental variable that might be involved
in regulation. Because the severity of weather and also
day length covary with latitude, the statistical corre-
lations reported by Nolan and Ketterson (1983) could
be explained by supposing that latitude is a complex
variable summarizing important elements of the in-
dividual junco’s recent and current environment. The
alternative hypothesis is that the association of winter
fat stores with latitude is the result of population-level
differentiation in the tendency to fatten during winter,
i.e., that geographic variation may be independent of
environmental factors that vary within the lifetime of
the individual bird.

We sampled the early-winter fat reserve of juncos at
three latitudes and found geographic variation. We also
transported juncos from the northern and the southern
locations to the third site (Indiana), which is in the
middle of the junco’s winter range and approximately
halfway between the other two locations. We asked (1)
to what extent exposure of displaced juncos to a com-
mon environment would abolish their early-winter
geographic differences in fat stores and (2) to what
extent their late-winter fat stores would resemble those
of free-living members of the populations from which
we displaced them and also of members of the natural
free-living Indiana population. If geographic differ-
ences in winter fattening depend upon recently expe-
rienced environmental variables, displaced subgroups
would converge in their fat reserves and would ap-
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proximate the level of the natural population at the
Indiana displacement site. If, however, the reported
differences in fattening were specific to geographic pop-
ulations and independent of current local environ-
mental information, individuals from populations
whose early-winter LI differed according to latitude
would continue to differ after displacement.

METHODS
Study species

Our subjects were young juncos (hatched in the pre-
ceding breeding season; aged as described by Ketterson
and Nolan 1976, 1982, Nolan and Ketterson 1983)
belonging to the eastern migratory race, which moves
southward in fall from breeding grounds located pri-
marily in the boreal forests of Canada (Ketterson and
Nolan 1976). In eastern North America, the winter
range lies between 45° N and 26° N (Ketterson and
Nolan 1983a). Males tend to winter north of females
and young to winter north of adults of the same sex
(Ketterson and Nolan 1976, 1979, 1983a, 1985). Fall
migration ends about 1 December (Nolan and Ketter-
son 1990). Thereafter populations are considered sta-
ble until =1 March (but see Terrill 1987), when spring
migration begins, probably at all latitudes (Ketterson
and Nolan 1976). Prenuptial molt is slight (primarily
on the chin and throat) or is absent, and spring pre-
migratory fattening in our displaced juncos did not
begin until the 3rd wk of March, i.e., too late to affect
our results.

Capture and treatment of subjects

All juncos in this study were caught at the three
locations in Michigan (MI), Indiana (IN), and Ten-
nessee (TN) where Nolan and Ketterson (1983) re-
ported geographic variation. Subjects are divided among
three groups: (1) juncos in natural populations at their
chosen winter sites; (2) juncos displaced to Indiana in
early winter and released there; (3) juncos displaced to
Indiana in early winter and held captive there. The fat
reserve in all three groups was measured using a lipid
index determined by lipid extraction as described by
Rogers (1991). Data were arcsine transformed in ac-
cordance with Blem (1984).

Locations, dates of sampling, and numbers of birds
sampled from the natural populations are presented in
Table 1. Juncos that were displaced also were caught
at the times and locations shown in Table 1. In addi-
tion, during 1984-1985 we displaced birds from these
same three locations on 15-19 December (IN), 20-22
December (MI), and 2-5 January (TN). We immedi-
ately transported all displaced birds by automobile to
the Indiana University aviary, where we either caged
or released them. Dates of release were 19 January
1983, 7-9 January 1984, and 15 January 1985. Each
winter, numerous free-living juncos occupy the aviary
grounds, and in all winters many displaced-released



