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Abstract. Male and female Dark-eyed Juncos, Junco hyemalis hyemalis, partially seg- 
regate along a latitudinal gradient in North America during winter. The sex ratio favors 
males in the north and females in the south. The sexes differ, not only in their midwinter 
distribution, but also in the timing of fall migration, with females passing through stopover 
sites earlier than males. To investigate the basis for these differences in migration patterns, 
several measures of migratory behavior, including the date of onset and the duration of 
migratory activity (Zugunruhe), were compared in captive adult male and female juncos. 
When held under the same photoperiod and given free access to food, females initiated fall 
Zugunruhe twelve days earlier than males and continued to be active after the males stopped. 
This resulted in females showing, on average, 21 more days of migratory activity. There 
was no difference between the sexes in the proportion of nights during the migration period 
spent exhibiting migratory activity or in the average amount of activity per bird for the 
season. Females briefly showed higher migratory activity in early September. Both sexes 
exhibited a significant increase in body fat at the onset of migratory activity but there was 
no significant difference between the two groups at any time during the sampling period. 
Although differences in social status, physiological constraints, and/or importance of early 
arrival have been proposed as both past and current factors influencing differential migration 
in many species, these data illustrate sufficient endogenous sex-related differences that can 
result in differential migration in Dark-eyed Juncos. 

Key words: Junco; Junco hyemalis; migration: endogenouscontrol;difSerential migration; 
sex-related a’i&erences. 

INTRODUCTION 

Differential migrants are species or populations 
whose age or sex classes segregate along an al- 
titudinal or latitudinal gradient (Terrill and Able 
1988). Segregation along a latitudinal gradient 
has been reported for many species including the 
Dark-eyed Junco, J. h. hyemalis (Ketterson and 
Nolan 1976, 1979), White-crowned Sparrow, 
Zonotrichia leucophrys gambelii (Morton 1984), 
House Finch, Carpodacus mexicanus (Belthoff 
and Gauthreaux 199 l), Blackcap, Sylvia atricup- 
illu (Terrill and Berthold 1989 and references 
therein), Snowy Owl, Nycteu scandiaca (Kerlin- 
ger and Lein 1986), Eurasian Wigeon, Anus pe- 
nelope (Campredon 1983), and several species of 
shorebirds (Myers 198 1). 

Terrill and Berthold (1989) suggested two lev- 
els of regulation for the expression of differential 
migration: (1) environmental influences; and (2) 
endogenous control. Whereas several studies have 
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emphasized environmental factors such as com- 
petition for food and/or nest sites (Campredon 
1983, Lundberg 1985, Kerlinger and Lein 1986, 
Byrkjedal and Langhelle 1986, Smith and Nils- 
son 1987), fewer studies have investigated the 
internal control of these behaviors (Schwab1 et 
al. 1984, Ketterson and Nolan 1985, Terrill and 
Berthold 1989). 

The Dark-eyed Junco is a short-distance tem- 
perate zone migrant, and much is known about 
its winter distribution. Ketterson and Nolan 
(1976, 1983a) reported the latitudinal segrega- 
tion of age and sex classes of juncos in early to 
mid-winter. In general, they found males farther 
north than females and, within each sex class, 
first-winter birds north of adults. The sex-related 
pattern was stronger than that reported for the 
age classes. Not only do juncos segregate spa- 
tially, but males and females also differ in the 
timing of fall movements. Chandler and Mul- 
vihill(1990a) reported the differential passage of 
the sex and age classes of juncos during fall mi- 
gration in Pennsylvania, with adult females 
moving through first followed by hatching-year 
females, adult males and hatching-year males, 
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respectively. These classes also showed a similar 
pattern of passage times for migrants and arrival 
times for winter residents in Indiana, except that 
the appearance of hatching-year females and adult 
males was reversed (Nolan and Ketterson 1990a). 

Because fall migration in juncos begins while 
insects and seeds are relatively abundant, com- 
petition for food is probably not a proximate 
factor in its initiation. Even if food became lim- 
iting, several studies have shown that premigra- 
tory fattening (often influenced by the amount 
of available food) is not always necessary for the 
onset of the fall migration (for review see Ber- 
thold 1975). While laboratory studies of migra- 
tory activity in juncos have shown that food 
availability (directly or through social interac- 
tions) can influence the expression of Zugunruhe 
(Terrill 1987, Holberton 1991) males and fe- 
males respond similarly to these factors. Thus it 
may be necessary to seek elsewhere for the basis 
of differential migration. 

I investigated sex-related differences in the mi- 
gratory behavior of adult male and female juncos 
in captivity and attempted to control as many 
environmental variables as possible. If females 
winter farther south than males and pass through 
stopover sites earlier, I predicted that (1) females 
may initiate Zugunruhe earlier than males, (2) 
females might show greater amounts of Zugun- 
ruhe and (3) females may show migratory be- 
havior for a longer period of time. In addition 
to monitoring nightly Zugunruhe, I also com- 
pared the changes in the scores of subcutaneous 
body fat (often a measure of migratory condition 
in birds) between males and females throughout 
the migratory period. 

METHODS 

Juncos were captured with mist nets at baited 
sites in Albany County, New York (42”N), in 
October and November, 1987. All birds that had 
completely ossified skulls at the time of capture 
were considered to have hatched in a previous 
year and classified as “after hatching year.” Those 
birds whose skulls showed some area of incom- 
plete ossification were classified as “hatching- 
year” and were considered to have hatched dur- 
ing 1987. All of the birds were considered adults 
at the beginning of the next migration season and 
were treated equally. I pooled these two age class- 
es because the only known age-related segrega- 
tion in juncos is between hatching-year and after- 
hatching year birds (Ketterson and Nolan 1976, 

1983a) and, therefore, any endogenous differ- 
ences in migratory behavior would probably be 
undetectable between the two “adult” classes. 
The sex of each bird was determined on the basis 
of plumage characteristics and wing chord. Lap- 
arotomies performed in the following spring con- 
firmed that the birds had been sexed correctly at 
the time of capture. 

All birds were held under natural photoperiod, 
as experienced in New York State, in a large 
indoor aviary from fall, 1987 until August, 1988. 
Throughout the captive period the birds were 
offered, ad libitum, water and a mixture of turkey 
starter and white millet. 

Beginning in August, 1988, I isolated 10 males 
and 10 females, selected at random, in individual 
wood and plexiglass activity cages, measuring 30 
x 30 x 60 cm. Each cage contained one sta- 
tionary perch and one perch that rested upon a 
microswitch wired to a counter so that I could 
measure individual Zugunruhe. All counters were 
controlled by a central power source that was 
connected to a clock-timer. Counters were turned 
on one-half hour after lights-out and switched 
off one-half hour before lights-on. A small, dim 
nightlight (approximately 3-5 lux) allowed the 
birds to exhibit perch hopping activity. All birds 
were housed in the same room but were visually 
isolated from each other. Appropriate seasonal 
changes in photoperiod were made each week. 

I weighed and assigned furcular fat scores used 
by Manomet Bird Observatory (described in 
Cherry 1982) to each bird four times throughout 
the migratory period (26 Aug, 28 Nov, 12 Dee, 
4 Jan). The birds were not handled between 26 
Aug and 12 Nov because handling often sup- 
presses Zugunruhe in this species (Holberton, 
unpublished data), and I wished to maximize the 
probability of each bird expressing true onset of 
Zugunruhe. 

Based on experience with juncos in this lab- 
oratory, I defined, a priori, a rule for identifying 
the onset and termination of the migratory pe- 
riod. Zugunruhe was recorded as total hops per 
bird each night. A bird was considered to have 
initiated fall migration when it showed at least 
ten consecutive nights with at least ten hops/ 
night. Each bird’s migratory period was consid- 
ered to have begun on the first night of the ten- 
day period meeting this criterion. Similarly, to 
have ceased showing migratory activity, a bird 
had to exhibit ten nights in a row with fewer than 
ten hops per night. The end of the migratory 
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FIGURE 1. Dates of onset and termination of fall migration in seven male (open circles) and seven female 
(solid circles) juncos. See Table 1 for statistical comparisons. 

period was defined as the first night of that ten- 
day period. Juncos show no nocturnal perch hop- 
ping activity when not in migratory condition. 

Because females migrate longer distances than 
males (Ketterson and Nolan 1976, 1983a) and 
females pass through stopover sites earlier than 
males (Chandler and Mulvihill 1990a), I pro- 
posed directional alternate hypotheses and ap- 
plied one-tailed statistical tests to examine 
sex-related differences in date of onset and ter- 
mination of Zugunvuhe, mean amount of activ- 
ity for the season, and length of individual mi- 
gration period. I used paired-sample t-tests for 
within-group comparisons and t-tests with trans- 
formations of the proportions for comparing the 
percent ofnights with activity between males and 
females. Otherwise, I used non-parametric anal- 
yses because of the small sample sizes and lack 
of independence between mean and variance. 

RESULTS 

The study ended 4 January 1989, a date chosen, 
a priori, to encompass the migratory period of 
juncos in the Northeast (Chandler and Mulvihill 
1990a). All of the females met the criterion for 
exhibiting Zugunruhe while only eight of the 10 
males did so. This proportion of inactive birds 
is not uncommon for all age and sex classes of 
juncos and may be the result, not of an absence 

of migratory activity, but of the inability to reg- 
ister hopping if the bird chooses to be active 
elsewhere in the cage (Holberton, unpubl. data). 
Seven of the active females and seven of the 
active males ceased Zugunruhe before the end 
of the experiment (4 January 1989). Because the 
beginning and ending dates for each bird were 
necessary to determine the length of the migra- 
tory period and the proportion of active nights, 
I included only those 14 birds in the analyses. 

ACTIVITY 

Females, on average, exhibited Zugunruhe 12 
days earlier than males (P < 0.05, Mann-Whit- 
ney U-test), but the mean dates of termination 
of activity were not significantly different (Mann- 
Whitney U-test, Fig. 1, Table 1). The individual 
migration periods of the females were, on av- 
erage, 21 days longer than those of the males (P 
< 0.05, Mann-Whitney U-test, Table 1). The 
mean activity of females was significantly higher 
than that of males only two times in the migra- 
tion season (P < 0.05, Mann-Whitney U-test, 
Fig. 2). The relatively high amount of activity 
by males during the latter half of the migration 
period was heavily influenced by two birds whose 
activity contributed over 90% of the total amount 
of Zugunruhe for the group during November 
and December. The two groups did not differ in 
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TABLE 1. Measures of migratory activity for male and female juncos during fall 1988. Values are given as K 
c 1 SE. 

Ending Duration” 
date (days) 

Actwity 
(hops/bird/night) 

% nights 
with activity 

Females 
8 Sept -C 1.5 20 Dee + 4.5 104 + 4.3 760 + 317 88 + 3.6 

Males 
20 Sevt f 5.3 11 Dee + 9.4 83 + 6.8 1.315 * 710* 91 * 2.1 

Sexes differed, P < 0.05, Mann-Whitney U-test, one-tailed. 
h Sexes differed, P < 0.05, Mann-Whitney C/-test, one-taded. 
*Two males contributed at least 900/o of the total actiwty for the group during November and December. 

the individual mean hops/bird/night for the en- 
tire season (Mann-Whitney U-test, Table 1). Both 
sexes had similar proportions of nights when the 
birds were considered active (two-sample t-test, 
with angular transformations of the proportions, 
Table 1). 

FAT 

Males and females began the migration season 
with similar fat scores (26 August: x,,, = 0.26 + 

2000- 

IX 

0.1 SE, n = 7, xf = 0.26 f 0.1 SE, IZ = 6, data 
from one female were not obtained on this date, 
Mann-Whitney U-test, two-tailed, Fig. 3). Both 
sexes showed a significant increase in fat after 
Zugunruhe had begun (28 November: K, = 1.5 
+ 0.2 SE, n = 7, R,= 1.5 k 0.2 SE, n = 6, P < 
0.05, paired-sample t-test, two-tailed). There was 
no significant difference in fat scores between the 
sexes throughout the study (Mann-Whitney 
U-test, two-tailed). 

AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER 

(5-DAY PERIODS) 

FIGURE 2. Mean (&SE) Zugunruhe (hops/bird/night) of seven male (open circles) and seven female (solid 
circles) captive juncos. Each point represents a group mean (of individual means) for each five-day period 
beginning 26 August and ending 4 January. Females showed statistically higher levels of activity only two times 
throughout the migratory period (stars) (P < 0.05, Mann-Whitney U-test, two-tailed). The unusually high activity 
of two males accounted for 90-95% of the group activity during November and December. 
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FAT CLASS 
FIGURE 3. Changes in frequency distributions of fat 
classes for males (open bars) and females (solid bars) 
during fall migration. Fat data were not obtained for 
one female on 26 August. 

DISCUSSION 

Female juncos began to show migratory activity 
significantly earlier than males, resulting in a lon- 
ger migration season for females. Although no 
statistically significant difference in termination 

date was observed, the trend for females to shut 
off migratory activity later suggests that females 
may continue to migrate after males have ceased. 
The continuation of activity of three females af- 
ter 4 January further support this. Females, on 
average, spent three weeks longer than males 
showing migratory activity. A longer migration 
period has been translated into greater distances 
migrated in the field (Berthold 1973). The genetic 
basis for differences in migration distance has 
been demonstrated in the Blackcap, another dif- 
ferential migrant (Berthold and Querner 198 1, 
Berthold et al. 1990). 

While some studies have also found endoge- 
nous differences in migratory behavior with age 
or sex (i.e., Blackcap, Terrill and Berthold 1989, 
European Robin, Erithacus rubecula, Biebach 
1983) Ketterson and Nolan (1985) did not detect 
significant sex-related differences in captive adult 
juncos. Perhaps this disparity is related to the 
experimental methods employed. Ketterson and 
Nolan, with comparable sample sizes as this 
study, recorded Zugunruhe two nights each week 
during the migratory period. Individual Zugun- 
ruhe in juncos is highly variable from night to 
night (Able, pers. comm., Holberton 199 l), and 
daily sampling may be required for the resolution 
needed to determine when a bird actually initi- 
ates or ceases migratory activity. In addition, I 
held the birds indoors and tested them inside 
where environmental factors such as precipita- 
tion and temperature, before or during the sea- 
son, could not be confounding variables when 
investigating endogenous mechanisms of behav- 
ior. 

Ketterson andNolan (1983b, 1987; Nolan and 
Ketterson 1990b) demonstrated the effect of cap- 
ture on the subsequent expression of Zugunruhe. 
In their studies, birds that were known to be held 
at, near or south of their normal overwintering 
sites showed a suppression of pre-migratory fat- 
tening and Zugunruhe. This was in contrast to 
birds that were held far from, and perhaps north 
of, their known winter sites that showed normal 
migratory activity. In my study, there was no 
evidence of the large-scale supression of Zugun- 
ruhe. This suggests that the males and females 
used in this study were not local winter residents. 
Birds of both sexes exhibited a distinct period of 
migratory activity congruent with the passage of 
free-livingjuncos in the Northeast (Chandler and 
Mulvihill 1990a) and in juncos tested in other 
similar experiments in this lab (Terrill 1987, 
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Holberton 1991). This may not be unexpected 
in that Albany is nearer the northern limit of 
junco winter distribution than is Bloomington, 
Indiana where Ketterson and Nolan’s study took 
place. 

The physiological mechanism controlling the 
differential timing of migration of male and fe- 
male juncos is not known, but Chandler and 
Mulvihill(l990a) have suggested that the differ- 
ences may originate in premigratory events such 
as the timing of post-nuptial (prebasic) molt. For 
most migrant passerine species that breed in north 
temperate and arctic areas, molt has little overlap 
with migration (Chandler and Mulvihill 1990a 
and references therein). There are no reported 
studies on the differential timing of molt in adult 
male and female juncos, but Chandler and Mul- 
vihill(l990a) refer to unpublished data that sug- 
gest that juvenile males and females differ in the 
extent of their first prebasic molt. They suggested 
that this difference in molt could result in a dif- 
ference in the onset of fall migration, as suggested 
for American Kestrels, Fulco sparverius (Small- 
wood 1988). Unfortunately molt was not re- 
corded in detail in this study, but it is intriguing 
to consider the possibility that differential timing 
of molt (i.e., differences in temporal organization 
within the annual cycle) may directly influence 
the temporal and spatial segregation of the sexes 
in the fall and winter. It has been shown recently 
that many annual cycle events in juncos have an 
endogenous basis (Holberton and Able 1992). 
These findings do not preclude nor address any 
environmental influences such as food avail- 
ability or weather conditions that may have an 
effect on the expression of junco migratory be- 
havior, but experimental evidence has shown that 
these factors can modify this behavior in captiv- 
ity (Terrill 1987, Holberton 199 1). 

Three major hypotheses have been proposed 
to explain the ultimate factors responsible for 
differential migration (body size, social domi- 
nance, and arrival time). The body size hypoth- 
esis (Ketterson and Nolan 1976, 1979; Ketterson 
and King 1977) assumes that differential physi- 
ological constraints on fasting and cold tolerance 
are a function of body size and, therefore, smaller 
individuals overwinter more successfully at low- 
er latitudes. Two measures of winter hardiness 
as a function of body size have been investigated 
in juncos, the onset of hypothermia as an ex- 
pression of cold tolerance (Swanson 1990) and 
fasting endurance (Stuebe and Ketterson 1982). 

Swanson (1990) found that smaller birds ex- 
pressed hypothermia at higher temperatures when 
exposed for a period of time to temperatures well 
below freezing. Stuebe and Ketterson (1982) re- 
ported that males were able to fast for an average 
of 6 hr longer than females, although the differ- 
ence was not statistically significant. Their birds 
were held at 8-10°C a temperature well above 
freezing. Statistically significant differences in 
fasting endurance may have been observed if the 
birds had experienced more energetically de- 
manding temperatures. 

Swanson (1990) proposed that thermogenic 
capabilities and/or the ability to mobilize energy 
reserves are size-related. Therefore, females, as 
a consequence of smaller body size, may incur 
higher thermogenic costs and are less able to meet 
energy demands than males when access to food 
becomes limited. Social dominance may mag- 
nify this effect. Male juncos are dominant to fe- 
males (Balph 1975, 1977; Ketterson 1979) and 
social dominance has been proposed as another 
proximate factor influencing differential migra- 
tion (Lack 1944; Balph 1975; Gauthreaux 1978, 
1982; Ketterson 1979). If a physiological advan- 
tage as a function of body size is combined with 
males’ ability to monopolize food, male juncos 
may have a real impact on overwinter survivor- 
ship of females at northern latitudes. By begin- 
ning their migration earlier and subsequently 
passing through stopover sites ahead of males 
(Chandler and Mulvihill 1990a), females can re- 
duce the effects of intersexual dominance during 
migration. Therefore, social dominance proba- 
bly has little influence on the timing of early 
migratory decisions of females and there is no 
empirical evidence for juncos that it influences 
the winter distribution of the sexes in a proxi- 
mate way. A similar conclusion can be made 
regarding physiological constraints in that the 
majority of birds migrate and reach their win- 
tering sites before environmental conditions de- 
teriorate. 

Finally, if the arrival time hypothesis (Ketter- 
son and Nolan 1976, Myers 198 1) is applied to 
juncos, males would be expected to arrive on the 
breeding grounds earlier than females to compete 
for breeding territories and/or mates. Both field 
and laboratory evidence support this hypothesis 
for juncos. Ketterson and Nolan (1985) found 
that males held in captivity began to show spring 
migratory activity 14 days earlier than females, 
and free-living males pass through stopover sites 
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in Indiana earlier than females (Ketterson and LITERATURE CITED 
Nolan 1983a). Yunick (1988) observed in early B 
spring that juncos in eastern New York show a 

ALPH, M. H. 1975. Wing length, hood coloration, 
and sex ratio in Dark-eyed Juncos wintering in 

distinct male bias in sex ratios. Yunick’s data northern Utah. Bird-Banding 46: 126-l 30. 
were further analyzed by Chandler and Mulvihill BALPH, M. H. 1977. Winter social behavior of Dark- 

(1990b) to show that this bias was due to males eyed Juncos: communication, social organization, 

initiating migration earlier or migrating at faster 
and ecological implications. Anim. Behav. 25:859- 
884. 

rates than females and was not simply a function BELTHOW, J. R., AND S. A. GAUTHREAUX, JR. 1991. 
of the spatial distribution of the sexes. Yunick’s Partial migration and differential winter distri- 

observations and Chandler and Mulvihill’s sub- bution of House Finches in the eastern United 

sequent analyses compliment the results of this 
States. Condor 93:374-382. 

study particularly well because Yunick’s stop- 
BERTHOLD, P. 1973. Relationships between migra- 

tory restlessness and migration distance in six Syl- 
over site is within 80 km from where the birds via species. Ibis 115:594-599. 
in this study were collected. It is not unreason- 
able that the birds in the two studies come from 
the same population of migrant juncos. 

Unfortunately there are no published arrival 
times for juncos on their breeding grounds but 
the results from both laboratory and field studies 
suggest that males arrive earlier than females. 
Ketterson and Nolan (1983a) suggest that, since 
males show greater site fidelity to breeding sites, 
intrasexual competition for territories, and, thus 
selection that favors early arrival by males, may 
be a force presently influencing the differential 
winter distribution in adult juncos. The arrival 
time hypothesis accounts for males overwinter- 
ing as far north as possible, but does not explain, 
by itself, why females migrate farther. 

Any of these factors (physiological constraints, 
social dominance and early arrival advantage), 
independently or in concert, could be considered 
ultimate mechanisms that may have acted as se- 
lection pressures resulting in endogenous differ- 
ences in the migratory program of male and fe- 
male juncos. Although environmental factors 
such as food availability and social interactions 
may still influence the junco’s behavior, the dif- 
ference in endogenous sex-related behaviors is a 
sufficient proximate mechanism resulting in seg- 
regation of the sexes on the wintering grounds. 

ACKNOWLEDGMENTS 

I am indebted to Mary Able and Mary Van Auken for 
their assistance in obtaining juncos and grateful to Edda 
Schmidt and Ken Able for their invaluable help in 
caring for the birds. Ken Able, Jim Belthoff, Sieve 
Brown. Jerrv Brown. C. Rav Chandler. Ellen Ketterson. 
John Wingield, and an anonymous reviewer provided 
valuable criticisms on an earlier draft of this manu- 
script. This research was supported by grants from the 
SUNY Benevolent Association and NSF grant # BNS- 
8608653 to Ken Able. 

BERTHOLD, P. 1975. Migration: control and meta- 
bolic Dhvsioloav. D. 77-128. In D. S. Famer. J. R. 
King,&anh K. c: &rkes [eds.], Avian biology, Vol. 
V, Academic Press, New York. 

BERTHOLD, P., AND U. QUERNER. 198 1. Genetic basis 
of migratory behaviour in European warblers. Sci- 
ence 2 12~77-79. 

BERTHOLD, P., G. MOHR, AND U. QUERNER. 1990. 
Steurung und potentielle Evolutionsheschwindig- 
keit des obligaten Teilzieherverhaltens: Ergebnisse 
eines Zweiwegselektionsexperiments mit der 
Monchsgrasmucke (Sylvia atricupilla). J. Om. 13 1: 
33-45. 

BIEBACH, H. 1983. Genetic determination of partial 
migration in the European Robin (Erithacus ru- 
be&la). Auk 100:601~606. 

BYRKJEDAL. I.. AND G. LANGHELLE. 1986. Sex and 
age biased mobility in Hawk Owls Surnia ulula. 
Gmis Stand. 17:306-308. 

CAMPREDON. P. 1983. Sexe et acre ratios chez le canard 
siffleur &as penelope L. en periode hivemale en 
Europe de l’ouest. Rev. Ecol. (Terre Vie) 37: 117- 
128. 

CHANDLER, C. R., AND R. S. MULVIHILL. 1990a. Wing- 
shape variation and differential timing of migra- 
tion in Dark-eyed Juncos. Condor 92:54-6 1. 

CHANDLER, C. R., AND R. S. MULVIHILL. 1990b. In- 
terpreting differential timing of capture of sex 
classes during spring migration. J. Field Omithol. 
6 1:85-89. 

CHERRY, J. D. 1982. Fat deposition and length of 
stopover of migrant White-crowned Sparrows. Auk 
99:-725-732. - 

GAUTHREAUX, S. A., JR. 1978. The ecological sig- 
nificance of behavioral dominance, p. 17-54. In 
P.P.G. Bateson and P. H. Klopfer [eds.], Perspec- 
tives in ethology, Vol. 3, Plenum, New York. 

GAUTHREAUX, S. A., JR. 1982. The ecology and evo- 
lution of avian migration systems, p. 93-168. In 
D. S. Famer and K. C. Paikes teds.], Avian bi- 
ologv. Vol. VI. Academic Press. New York. 

HOLBERTON, R. L. 199 1. Fall migration in the Dark- 
eyed Junco: internal and external factors influenc- 
ing migratory behavior in a short-distance mi- 
grant. Ph.D.diss. State University of New York at 
Albany, New York. 

HOLBERTON, R. L., AND K. P. ABLE. 1992. Persistence 
of circannual cycles in a migratory bird held in 



ENDOGENOUS BASIS OF JUNCO MIGRATION 587 

constant dim light. J. Comp. Physiol. 171:477- MORTON, M. L. 1984. Sex and age ratios in wintering 
481. White-crowned Sparrows. Condor 86:85-87. 

KERLINGER, P., AND M. R. LEIN. 1986. Differences MYERS, J. P. 1981. A test of three hypotheses for 
in winter range among age-sex classes of Snowy latitudinal segregation of the sexes in wintering 
Owls (Nycteu scundiacu) in North America. Omis. birds. Can. J. Zool. 59:1527-1534. 
Stand. 17: l-7. NOLAN, V., JR., AND E. D. KETTERSON. 1990a. Tim- 

KETTERSON, E. D. 1979. Aggressive behavior in win- ing of autumn migration in relation to the winter 
tering Dark-eyed Juncos: determinants of domi- distribution ofthe sex-age classes in the Dark-eyed 
nance and their possible relation to geographic Junco (Bunco &m&is). Ecology 7 1: 1267-1278. 
variation in sex ratio. Wilson Bull. 91:37 l-383. NOLAN, V., JR., AND E. D. KETTERSON. 1990b. Effect 

KE~ERSON, E. D., AND J. R. KING. 1977. Metabolic of long days on molt and autumn migratory state 
and behavioral responses to fasting in the White- of site-faithful Dark-eyed Juncos held at their win- 
crowned Sparrow IZonotrichiu leicophrys gum- ter sites. Wilson Bull.. 102:469479. 
beliij. Phvsiol. Zool. 50: 115-129. SCHWABL. H.. J. C. WINGFIELD. AND D. S. FARNER. 

KETTERS~N, i. D., AND V. NOLAN, JR. 1976. Geo- 1984. Endocrine correlates’of autumnal behavior 
graphic variation and its climatic correlates in the in sedentary and migratory individuals of a par- 
sex ratio of eastern-wintering Dark-eyed Juncos tially migratory population of the European Black- 
(Junco hyemulis hyemalis). Ecology 57~679-693. bird (Turdus me&a). Auk 101:499-507. 

KETTERSON, E. D., AND V. NOLAN, JR. 1979. Sea- SMALLWOOD, J. A. 1988. A mechanism of sexual seg- 
sonal, annual, and geographic variation in sex ratio 
in wintering populations of Dark-eyed Juncos 
(Junco hyemalis). Auk 96:532-536. 

KETTERSON, E. D., AND V. NOLAN, JR. 1983a. The 
evolution of differential bird migration, p. 357- 
402. In R. F. Johnston [ed.], Current Ornithology, 
Vol. I, Plenum Press, New York. 

KETTERSON, E. D., AND V. NOLAN, JR. 1983b. Au- 
tumnal Zugunruhe and migratory fattening of 
Dark-eyed Juncos apparently suppressed by de- 
tention at the winter site. Wilson Bull. 95:628- 
635. 

KETTERSON, E. D., AND V. NOLAN, JR. 198 5. Intra- 
specific variation in avian migration: evolutionary 
and regulatory aspects, p. 553-579. In M. A. Ran- 
kin [ed.], Migration: mechanisms and adaptive 
significance, Univ. of Texas, Marine Science Inst.. 
P&t Aransas, TX. 

KETTERSON, E. D., AND V. NOLAN, JR. 1987. Sup- 
pression of autumnal migratory unrest in Dark- 
eyed Juncos held during summer on, near or far 
from their previous wintering sites. Auk 104:303- 
310. 

LACK, D. 1944. The problem of partial migration. 
Br. Birds 37: 143-150. 

LUNDBERG, P. 1985. Dominance behaviour, body 
weight and fat variations, and partial migration in 
European Blackbirds Turdus merulu. Behav. Ecol. 
Sociobiol. 17: 185-189. 

regation by habitat in American Kestrels (Falco 
sparverius) wintering in South-central Florida. Auk 
105:3646. 

SMITH, H. G., AND J. NILSSON. 1987. Intraspecific 
variation in migratory pattern of a partial migrant, 
the Blue Tit (Purus cueruleus): an evaluation of 
different hypotheses. Auk 104: 109-l 15. 

STUEBE, M. M., AND E. D. KETTERSON. 1982. A study 
of fasting in Tree Sparrows (Spizellu urboreu) and 
Dark-eyed Juncos- (Jzmco hyemulis): ecological 
imolications. Auk 99:299-308. 

SWAN&N, D. L. 1990. Seasonal variation in cold har- 
diness and peak rates of cold-induced thermogene- 
sis in the Dark-eyed Junco (Junco hyemulis). Auk 
107:561-566. 

TERRILL, S. B. 1987. Social dominance and migratory 
restlessness in the Dark-eyed Junco (Junco hye- 
malis). Behav. Ecol. Sociobiol. 2 1: l-l 1. 

TERR~LL, S. B., AND K. P. ABLE. 1988. Bird migration 
terminology. Auk 105:205-206. 

TERRILL, S. B., AND P. BERTHOLD. 1989. Experimen- 
tal evidence for endogenously programmed dif- 
ferential migration in the Blackcap (Sylvu atricup- 
illa). Experientia 45:207-209. 

YUNICK, R. P. 1988. Differential spring migration of 
Dark-eyed Juncos. J. Field Omithol. 59:314-320. 


