














can care for, Number of broods per year is generally determined by time
available for successful production., Although in temperate-zone wintering
populations some evidence exists that reproductive effort is density-dependent,
Lack believed that regulation occurs primarily during the non-breeding season
and that winter food is the regulating factor. Lack's views are not without
critics (e,g., von Haartman 1971),

Estimated adult survival rates for avian species resident in the temperate
zone range from 287 to 557 (Lack 1954, Table 21; Farner 1955, Tables 2, 3).
Long~-distance migrants wintering in the temperate zone show similar survival

rates to residents (54%, Geothlypis trichas, Roberts 1971; 37% Hirundo

rustica, Lack 1954); but Nisbet and Medway (1972) have recently suggested
that adult survival rates of migratory species wintering in the tropics may

be generally higher (65%, Acrocephalus orientalis, Nisbet and Medway 1972;

52-85%, 7 parulid warbler species, Roberts 1971; 657, Dendroica discolor,

Nolan 1977, in press).

As for the survival rate of juncos wintering on our Bloomington study
areas, only 10-157 of individuals we define as residents (caught at least
four times; one capture in January, or one in December and another in
February) return in the year after capture, With respect to sex and also

birds that
age at time of first capturefreturn are representative of the winter popu-
lation as a whole; returners consist of 227 adult males, 557 subadult males,
6% adult females, 26% subadult females (compare page 2 ), Interestingly,
individuals that return in the year following first capture return again in
still later years at a rate suggesting that all survivors may return; i,e.,

a bird that returns once is likely to return a second and other times,

Table 1 reveals this, We note that the rate of second and later returns is
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significantly below the rate of first return, contrary to the widely held
expectation that annual survival of wild birds will not increase with age;
comparing the data for year +1 with the data for years+2 through +6 pooled,
adj. X2 = 6,3, d.f. = 1, p<.0l, Nevertheless, for purposes of a rough
estimate we have pooled all numerators of fractions and all denominators to
form a single fraction, 120/135., This figure, or 51%, suggests the minimum
annual survival of those juncos that exhibit year-to-year fidelity to Bloomington
study areas,

Study of age=-specific mortality during the non=breeding season has
typically been ignored, except for evidence that a significant proportion
of immature birds dies soon after achieving independence (for summary see
von Haartman, 1971), Most calculations of survivorship, based on banding
studies of sedentary species, exclude birds caught prior to a midwinter
date, e.g. 1 January, under the assumption that a high death rate and delayed
dispersal in young of the year will bias the results toward an unrealistically
low estimate (Farmer 1955), For these and other reasons we know too little
about mortality among recruits to bird populations and about characteristics
of individuals that die during early winter, Ralph and Mewaldt (1975) report
differential annual site fidelity, hence possibly annual survival, of
recruits and adults in Zonotrichia (30% of subadults returning next winter as
compared to 47% of adults), as do Nisbet and Medway for A. orientalis (1972).
The latter authors ''suggest that the decisive events leading to the differential
mortality of young birds occur during the first few weeks in the winter-quarters"
(p. 485). This view is consistent with that of Fretwell (1972), who believes
that aggressive behavior in early fall is utilized by dominant birds to insure

that winter density does not exceed the number of "bird winters'" supportable



12

by the available food supply. On the other hand, the percentages (above)

from the sex-age classes among our juncos that return in one or more subsequent
years do not suggest greater mortality of subadults, It seems clear to us

that our already accumulated data will make a contribution to this poorly
understood subject; we shall be able to describe the relative overwinter
survivorship of subadult and adult juncos and speak of long-term patterns in
age-specific mortality. As indicated earlier, we are also curious about

phenotypes (body size) of survivors.

4,3 DEMOGRAPHIC PATTERNS DURING WINTER

Considerations of age-specific mortality are complicated by the fact
that the Jemographic composition of avian populations may vary geographically
and across habitats in the same general locality, We now turn to what
is known of geographic and local variation in the sex and age structure of winter
bird populations,

4,31 Geographic Variation in Sex Ratio, Differential winter distribution

of the sexes, with males wintering farther north, has been reported for at
least 15 migratory bird species in Europe and North America (see reviews in
Lack 1944, Ketterson and Nolan 1976).

Among possible explanations for clinal variation in sex ratio are sex-
associated differences in (1) advantages of early arrival on the breeding
or wintering grounds, (2) impacts of inter- and intra-sexual competition, and
(3) effects of low temperature and intermittent food availability (Ketterson
and Nolan 1976)., Nothing is known of annual variation in winter sex ratios
or of the relative overwinter survivorship of the sexes among species exhibit-
ing geographic variation in sex ratio, Our data will permit examination of

these questions for one portion of the junco's winter range.
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4,32 Local Variation in Sex Ratio. In order to minimize intersexual

competition, non-migratory species might be expected to segregate sexually
by habitat during winter, and indeed several species do that (see Selander
1966 for review). (Compare studies revealing intersexual differences in
foraging behavior among certain sedentary species that do not segregate by
habitat; e.g. see Jackson 1970.) However, some migratory species also show
sex-associated habitat segregation: Male A, orientalis wintering in
Malaysia are found in dense shrubs, while females in the same region select
reed beds (Nisbet and Medway 1972). Whether or not species exhibiting geo-
graphic variation in sex ratio also segregate by habitat is not known.
Fretwell (1972) reports that short-winged juncos in North Carolina are
found in forested areas, whereas longer-winged individuals select weed
fields, These differences could reflect ecotypic variation in body size

or habitat-specific differences in sex (and possibly age) ratio, or perhaps
both,

Our data bearing on habitat-specific differences in juncos are limited
and appear in Table 2, Data from Indiana sampling sites may suggest some
local variation in demography, but the sex ratio with age-classes pooled does
not vary from site to site (X2 =2,4, df = 2, n,s,), The same is true of
samples from two sites near Birmingham, Alabama, On the other hand, the
sex ratio did vary among a set of sites in South Carolina (adj. X2 = 5.4,
df = 1, p <.025), with males concentrated in the less disturbed, more
wooded location (an unexpected result in light of Fretwell's findings in
North Carolina). Increased knowledge about this whole question is an obvious
prerequisite for better understanding of patterns in junco demography and/or

body size on a large scale, i.e. on the scale of the winter range as a whole.
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Table 2, Local Variation in Sex and Age Ratios of Juncos in Three Parts of the
Winter Range

Bloomington, Indianal

old fields Nolan's Ketterson's forest edge
yard (suburb) yard (suburb)

Males, subadult 547, 487 437, 427,
Males, adult 13% 15% 30% 337%
Females, subadult 26% 30% 21% 15%
Females, adult 7% 8% 6% 9%
n 230 105 84 33
year 1971-75 1965-1970 1972-74 1976

Birmingham, Alabama2

suburbs/pine woods bottomland/fields
Males, subadult 1% 18%
Males, adult 197% 277
Females, subadult 30% 27%
Females, adult 4179, 27%

n 37 22
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Table 2 continued

Clemson, South Carolina3
suburbanlJr pine forest
Males, subadult 17% 147,
Makes, adult 167% 437%
Females, subadult 267% 9%
Females, adult 417% 347
n 70 bty

1In the first two localities data represent birds caught prior to 1 January
and recaptured at least once with an intervening interval of at least 61 days,
These are, therefore, conservatively defined winter residents, Ketterson's birds
were captured at least once between 1 December and 1 January and are also winter
residents, The last column represents a sample from a single morning in December
1976, Pooling data from the first 2 columns and performing a chi-square test of
independence on the 3 grouBs (frequencies not percentages), demography is not
independent of location (X* = 18.1, df = 6, p <.005).

2Both localities were sampled in December 1976, the first on 2 days, the
second on 1, Demography is independent of location (X2 = 1,75 GE = 3, DB

3Localities were sampled during December, 1976 on 2-3 successive days.

4This is a combination of three suburban localities of statistically indis-
tinguishable demographic constitution., The localities differed in composition
from the population inhabiting a relatively undistrubed pine forest (X¢ = 12.2,
df = 3, p<.01).
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4,33 Geographic Variation in Age Ratio., Among many species young are

thought more likely than adults to migrate and/or to travel greater distances
(Lack 1943, 1944; Dolnik and Bly mental 1967)., The predicted result in terms
of winter demography is geographic variation in age ratio, with young tending
to concentrate farthest from the breeding grounds. Several fringillids,
including the junco, appear not to fit the expected pattern: Among Ohio

Song Sparrows some individuals migrate and some do not, Females are more
likely to migrate than males; but among males, some subadults remain for the
winter and some adult males migrate, 1Individuals may change from one status
to the other in successive years, and change in either direction seems
equiprobable (Nice 1937). When populations of White-crowned Sparrows

(Zonotrichia leucophrys gambelii) wintering in Washington are compared to

populations in central California, a significant differenence in age ratio
emerges; but the higher proportion of young is found farther north (697% and
607 respectively, n<~ 4500; King et al. 1965). Our preliminary data on the
junco indicate that the age ratios may vary geographically, Figure 1 indi=-
cates that so far we have found subadults of each sex in the center of the
range, but much more information is required, Prior to gathering further

data on this subject, we need to know more of local variation in age ratio,

4,34 Local Variation in Age Ratio. Age ratios among populations of

White-crowned Sparrows wintering in southeastern Washington are known to

vary locally within given yeamw and annually at a given location (King, Farmer,
and Mewaldt 1965), Our data to date may suggest similar variation in the
junco, In the Indiana age ratios shown in Table 2, age varies significantly
across sampling sites (x2 = 13,4, df = 2, p<.005)., However, in the two

locations (old fields and Nolan's yard) sampled longest, in which the winter



17

1
Figure 1. Geographic Variation in Age Ratios
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The top member of each pair of figures is the percentage of subadult females;

the lower figure is the same percentage in males, Locations are Kalamazoo, MI
(n = 89), Chicago, IL (n = 80), Bowling Green, OH (n = 106), Bloomington, IN (n = 66),
Clemson, SC (n = 120), Birmingham, AL (n = 61).



population has been separated from the fall and spring migrant population

most rigorously and reliably, no differences in sex and age ratios are

found, Two sites sampled in December 1976 near Birmingham, AL, did not

exhibit variation in age ratio, but four localities in western South Carolina
may have shown variation, Suburban localities (two backyards and the Clemson
University campus) differed from undisturbed pine forest in that they attracted

fewer adults (Table 2, sexes pooled); adj. X2 = 3,9, df = 1, p < .05.).

4.4 PATTERNS OF VARIATION IN BODY SIZE AMONG AVIAN SPECIES

Examples of variation in body size paralleling variation in abiotic
factors are common among birds (see Mayr 1963: 318-325), Two recent studies
of considerable significance are those of James (1970) and Johnston and
Selander (particularly 1971, 1973).

4,41 Geographic Variation in Body Size, Patterns and Correlates.

Using wing length as an indicator of body size, James observed a high
degree of concordance in patterns of variation in body size among 12 largely
sedentary avian species of the eastern and central United States, Although
the species differed widely in phylogeny, ecology, and overall body size, all
exhibited gradually increasing size clines northward and westward from Florida,
For those species represented by large numbers of specimens, it was possible
to discern even finer environmental tuning. Close examination of female

Blue Jays (Cyanocitta cristata) showed that superimposed on the north/south

cline in body size was a tendency 1) for longer-winged individuals to extend
southward into the Appalachian Mountains and the interior highlands of
Arkansas and for 2) shorter-winged individuals to extend northward along the

Mississippi River valley and other river valleys., Prior to this study, few
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investigators were aware of the degree to which avian body size apparently
responds to minor differences in climate, especially temperature and
moisture (James, 1970).

Perhaps more remarkable are the findings of Johnston and Selander,
who also describe similar fine-tuning but in a species that has been present

in this country only 150 years, the House Sparrow (Passer domesticus),

Employing a suite of 16 skeletal characters and powerful multivariate techniques,
these authors describe the House Sparrow's path of adaptation in the New
World, Currently geographic variation in House Sparrow skeletons conforms
to the ecogeographic rules of both Bergmann and Allen, That is, bones
measure longer where it is colder; and independently of this measure of
overall body size, shorter limb bones relative to size of the axial skeleton
are found in colder regions.

Studies comparable to those of James and Johnston and Selander have not
been carried out on migratory species during winter (however see Power 1967,
for an analogous breeding-season study)., We hope ultimately to help fill this
void,

4,42 Adaptive Significance of Body Size Patterns, ''The ecogeographic

rules are purely empirical generalizations describing the parallels between
morphological variation and features of the physical environment., . . .

The validity of these empirical findings is independent of the physiological
interpretation given to the observed regularities' (Mayr 1963: 319),
Nevertheless, there are numerous energetic consequences of body size (Calder
1974), and many have attempted to explain geographic variation in body size in
terms of the adaptive value of the consequences (for recent reviews see

Kendeigh 1969, James 1970, Selander 1971, Fretwell 1972, Calder 1974),
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Current arguments center on the significance of observations that a) heat
loss per gram body tissue is greater in smaller birds; b) food requirements
increase with body size (McNab 1971, Selander 1971); ¢) rate of increase
in metabolic rate with decreasing temperature is higher in smaller birds
(Kendeigh, 1968); d) summit metabolism (maximal heat producing ability)
increases with body size (Calder 1974); and e) fasting endurance increases
with body size (Calder 1974), In general, bigger animals show greater
absolute heat loss from a greater absolute surface area and therefore have
greater absolute food requirements, a situation that would hardly seem
advantageous at higher latitudes among species often considered to be food=-
limited., Calder's explanation of this apparent paradox is one of the most
satisfying offered thus far: The ability to fast, i.e, survive in the
absence of feeding, is a function of the ratio of energy stored to the rate
at which it is used, Stored energy increases with body size more rapidly
than does metabolic rate; thus the storage-consumption ratio is greater for
larger birds., Conditions likely to preclude feeding occur frequently at
higher latitudes., Snowstorms, for example, may periodically prevent small
birds from feeding, and only those capable of waiting out the storm will
survive, Selection may in this way have favored larger individuals farther
north,

4,43 Juncos and Geographic Variation in Body Size. When sex-age

classes are pooled and the available data are considered, the distribution
of juncos during winter fits Bergmann's Rule; larger individuals (males) are
concentrated northward (Ketterson and Nolan 1976)., We do not yet have
evidence that larger juncos have greater fasting endurance; but in another

fringillid that exhibits geographic variation in winter sex ratio, sexual
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differences in fasting ability have been demonstrated. Male White=-crowned
Sparrows are better able to endure fasting than females (Ketterson and
King 1976),

Before juncos can be truly said to fit Bergmann's Rule and before their
variation in sex ratio can be attributed to differences in fasting ability,
more must be known of clines in body size within the sexes, Do larger males
and females winter farther north? With this question in mind, we have
sampled several locations for geographic variation in external morphology.
Six variables were employed: wing length; tail length; bill length, width,
and depth; and tarsal length, The data generated were subjected to principal
component analysis (Tables 3, 4), and the first component to emerge appeared
to be a measure of overall size in the sense of Johnston and Selander (1971),
When the localities were compared for differences in mean value of Principal
Component I, females showed significant geographic variation in body size,
but not in the expect direction; and males showed no significant variation,
Apparently the variation among females in the present sample is attributable
to age-associated size differences, Subadult juncos have shorter wings than
do adults (unpublished data), so overall size may well increase after the
first year, Localities in which we found the biggest females were also those
in which sampled populations consisted of the highest proportion of adult
birds, We caution against overemphasis of the fact that these populations were
in the southern part of the range and repeat that we found an unusually high
proportion of adult birds in Michigan in December 1976; inspection indicates
that Michigan juncos will almost certainly be among the largest we have

examined,
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Table 3. Geographic Variation in Body Size among Female Juncos

1
Female Juncos - P,C.I

Wing L7
Tail 399
Bill length «3 70 32%
explained
Bill width LAl4 variance
Bill depth 412
Tarsus .309
Female Juncos = Body Size
2 1 3
Location Puled %ICO
(%)
Georgia +353 -
Alabama 223 487
F = 4,44
Indiana ,096 68%
df = 4,196
Washington -.430 87%
p<.05
Ohio -,911 87%

1
P.C.I = Principal Component I, a gefleral measure of body size.

The Georgia and Alabama samples of P.C,I were taken in January 1974, while
the AlabaMa age ratio was estimated in December 1976, 1In the other locations
age ratio and P,C,I were computed on the same samples. Indiana birds were
obtained December 1973, Washington birds in December 1974, Ohio birds in December
1975,

3%ICO = proportion of subadult birds,
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1

Table 4, Geographic Variation in Body Size among Male Juncos

Male Juncos - P.C.I

Wing

Tail

Bill length

Bill width

Bill depth

Tarsus

Male Juncos - Body Size

Location

Georgia
Ohio
Washington
Indiana

Alabama

For additional information, see footnotes, Table 3,

P.C.I
(x)

.329
.080
.018
-.071

-.252

«375
545
«233
|
.298

.302

%ICO

887%

737

69%

43%

29%
explained
variance
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To learn whether the largest individuals within a given sex/age class are
found farthest north in winter will require two refinements of our methods
employed to date, First, we need measures of body size producing less error
variance than that associated with measurements made on live birds,

Secondly, we must determine the degree of body-size variation, if any, within
and

the respective sex-age classes A associated with different habitats at a

given location, The first problem can be solved by employing skeletal in=-

stead of external characters, and this we intend to do, The second problem

requires further sampling in the vicinity of Bloomington to learn whether

there is ecotypic variation in body size independent of sex and age.

4,44 TLocal Variation in Body Size, One might expect seasonal ecotypic

variation in body size to be unlikely in a migratory species. Yet Fretwell
(1969), for three species of wintering fringillids, found that subpopulations
occupying habitats that require more perching or scratching possessed shorter
legs, This relationship may be the result of size-related differential
mortality in the habitats, or it may be the consequence of differential
habitat selection by individuals belonging to different size classes, e.g.
the sex-age classes, Fretwell does not claim to distinguish between these
alternative possibilities, If our data show a similar relationship, we

should be in a better position to interpret the variability,

5.0 RESEARCH PLAN

5.1 SPECIFIC METHODS FOR CONTINUATION
5.11 Study Areas, As already indicated, two primary study areas and
several minor ones near Bloomington, Indiana, have been used in this study,

From 1958-1970, the main capture effort was at the interface between suburban
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lawn and brushy old fields near Nolan's home, By 1968, building in the area
was resulting in declining junco populations, and our focus shifted to a
study area 1 km to the northeast, This area, known as Kerr Farm, consists
of old fields varying in age from 1-30 years interspersed with large trees
and patches of deciduous forest., A more complete description of the area
appears in Nolan (1963, 1977 in press) and Thompson and Nolan (1973).

5.12 The Banding Effort. Juncos are caught in nets and/or traps that

are open daily, with very rare exceptions, from 1 October through 1 May,
Traps are baited with cracked corn; when weather permits netting, areas
around nets are sparsely baited, Rather than set fixed numbers of nets
and traps in permanent locations, we have opted to adjust catching techniques
each day in order to maximize the catch, The alternative of standardized
and unvarying procedures was for practical purposes not really available
to us, First, birds learn locations of nets that are constantly open and
manage to take the bait without being caught, Secondly, they are not depend=-
ent on our bait but simply include our study areas within their home range.
Their movements are not constant from day to day, so permanent trap and net
sites would sometimes provide an adequate picture of the population and
sometimes not. Our goal has been to capture all the juncos wintering on

and
our study areas as soonsas efficiently as possible., By January of each year,
the proportion of unbanded birds has typically been less than 10%; continued
movement by a segment of the population makes it impossible to achieve the
100% goal.

5,13 Treatment of Birds, Birds captured for the first time are gsexed by

examination of wing length and plumage coloration (Ketterson and Nolan 1976;

accuracy » 95%) and aged by inspection of skull pneumatization, Many years
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of checking and rechecking skulls of subadults have shown that only a
minute percentage is completely pneumatized by 25 December; although we
examine skulls until about 1 February, reliable age ratios must be based on
the pre=-25 December birds, In early years of the study, birds were also
weighed and checked for molt, fat, and external parasites each time they
were caught, Such data were collected on approximately 5,000 captures,
After processing, birds are released at point of capture, each wearing a
uniquely numbered USFWS aluminum band,

Upon recapture, we note a bird's number, the capture location, and
the date of its re-release, Birds caught in successive years are remeasured
and otherwise fully reexamined and described in order to note changes with
age, such as those in wing length and plumage coloration,

5.14 Continuation. We intend to continue banding efforts at the

Kerr Farm study area for at least the next two winters, with no change in

methods,

5,2 ANALYSIS OF BANDING DATA

The scale of our data presents a major challenge to analysis., We have
caught about 10,000 individual juncos, for a total of about 35,000 separate
captures, Many birds were caught either only once or, if more often, within
a span of a few days., At the other extreme from this group, which probably
consists largely of migrants, is a large group caught repeatedly in a single
season, many as often as 50 times, We assume that it is not necessary to the
reader that we go into detail on the kinds of questions we believe our data

will provide answers to, but a few examples may be informative,
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What is the order of settlement of the study area by sex, age, and
size classes of the winter population; and how is that order related to
the dates on which sex, age, and size classes among the probabl® transients
pass through? How is the timing of and order of settlement of individuals
related to the timing of departure of the same individuals the following
spring?

How stable are associations (flocks) during winter, as inferred from
the fact that individuals were captured together more than one time? What
are the sex-age-size characteristics of those individuals; what was the
first capture (arrival?) date of each? What weather variables can be
associated with the period during which individuals appear to have stayed
together, with the period during which they appear to been apart? What
patterns can be detected by week=by-week demographic analysis during winter?
How confidently can disproportionate reduction in the relative size of a
particular sex-age class be attributed to death (as inferred from failures
to recapture individuals in the relevant class)?

After prolonged consultation with computer programmers, we have agreed
on a question that typifies many of the problem questions we shall want to
assign to the computer: Given the ID numbers of 37 individuals caught on
1 March 1976, select those that had not been caught in the 60 days preceding
1 March and then select any of these latter that had been caught together in
November, It is clear that our principal computing task will be selection
and sorting, We envisage no unusual statistical problems,

Programmers have advised us that packaged programs (e,g. SPSS, BMD)
will not suffice for data having the scale and other characteristics of ours,

and that our data must be prepared in a compressed format, ''Decompression,"
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i.,e,, development, will be by Fortran, which will produce a set of random
access files; these will comprise the information data base, The analysis
system will consist of two sets of programs, a batch system (allowing for
production of listings such as descriptions of individual birds according to
selected criteria) and an interactive system (allowing access to the data
base with questions such as the one stated in the preceding paragraph).
We are familiar with Krebs' (1972) programs devised for anmalysis of

small mammal populations, Some of these might be useful to us after adapta=

tion, but they will not suffice for the analysis described in this proposal,

5.3 LOCAL VARIATION IN DEMOGRAPHY AND BODY SIZE

5,31 Sampling Sites. We shall sample three localities near Bloomington

for microgeographic variation in body size and population structure: an
open bottomland tract that floods periodically, a crop-field/forest interface,
and a suburb, These, plus the old fields of our main study area, cover the
range of habitats utilized by juncos in southern Indiana., The bottomland is
on Kent Farm, a University-owned tract five miles east of Bloomington.
Morgan=Monroe State Forest, ten miles north of Bloomington, provides the
forest/field interface area, and Ketterson's home is the source of suburban
birds, FEach locality supports sufficient juncos for our purposes,

We shall sample these areas throughout the winters of 1977-78 and 1978-79,

5.32 Sample Sizes. For purposes of demographic comparisons, we shall

catch as many juncos as possible in each locality; and a subset will be
collected at each place, On the assumption that coefficients of variation

in skeletal body size variables resemble those that have been established in
the House Sparrow, we shall need 18 specimens of each sex/age class from each

locality in order to be able to detect a 5% difference in mean body size
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19 times out of 20 (R.F, Johnston, pers, commun,), We must therefore collect
and prepare approximately 150 juncos during December, 1977 and December, 1978,

5.33 Treatment of Sample, Birds to be collected for skeletal measure-

ment will first be sexed and aged, then measured for wing length (arc);
tail length; bill length, width, an& depth; and tarsal length, Skeletons
will be prepared by masceration, and a total of 14 measures will be made of
each: oﬁ the head and feeding apparatus--premaxillary length, skull length
and width, lengths of dentary and mandible; on the axial skeleton--length
and depth of sternum, length of keel, and length of coracoid; on the limbs=-
lengths of humerus, ulna, tarsometatarsus, tibiotarsus, and fibula, These
are the measures that Johnston and Selander (1971) have so effectively used
in investigating morphological adaptive radiation in the House Sparrow., We
(i.e. Ketterson) visisted Johnston's lab in February, 1977, and learned from
him his methods of preparing and measuring skeletons,

5.34 Analysis, The data set thus generated will be treated by principal
component analysis, Similarities that we know to exist between House Sparrows
and juncos with respect to the first principal component (P.C.I) derived from
measures of external characteristics suggest that the first c;mponent derived
from skeletal characteristics will also be a measure of overall body size,
Analysis of variance of values for P,C,I from the different localities near
Bloomington will reveal whether different body-size types are partitioning
available habitats in southern Indiana., Such a finding would not only be
interesting in its own right; it would also suggest that our eventual sampling
for macrogeographic variation must include a variety of habitats at each
locality in the whole range, If we find no hahitat-specific size variation

near Bloomington, a simpler sampling scheme for macrogeographic variation may
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be envisaged, In either case, a description of body size of juncos in

southern Indiana during the early winter of 1977-78 and 1978-79 will result,

6,0 SIGNIFICANCE

This study will fill a void in knowledge of the winter demography of
migratory temperate-zone passerine bird species and knowledge of responses of
that winter demography to factors extrinsic and intrinsic to the population,
Upon completion of the research we shall also be prepared to initiate a
study of geographic variation in the junco's body size throughout the winter
range,

Long term goals of this investigation include greater understanding of
a) factors governing population structure, numbers, and distribution and
b) factors determining how birds select a wintering site in their first year
of life., We may ultimately l=arn something of ¢) the role, if any, played
by geographic variation in sex and age ratios (probably more importantly,size)
in minimizing interspecific competition, The first goal has been referred to
repeatedly throughout the proposal; the second two deserve elaboration,

One of the most fascinating questions involving migrato;y bird popula=
tions concerns how young on their first migratory flight select the terminus
of migration, Specifically, given the considerable geographic range of
many species, what determines precisely where a particular subadult will
spend the winter? To the young bird, the "decision' may be critical, since
its unique combination of individual characteristics will predipose it to
greater success in some locations than in others,

One possibility is that subadults head south in autumn and simply settle
at random, in which case we would not expect the subadult population just after

settlement to be particularly well adapted to the local environment, Stated
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another way, for this age class, frequency distributions according to some
potentially adaptive morphological trait (e.g. bill size) would look the

same throughout the winter range. After natural selection has operated over
the winter, a central tendency description of survivors would differ from the
corresponding description at the beginning of winter, Directional selection
would have taken place and the population at winter's end would be comprised
of the better adapted individuals, Because environments differ, we would
expect populations of survivors to differ geographically,

It is equally possible that young birds are genetically programmed to
select those wintering sites in which their probability of success is highest.
This is the expected alternative if we assume that characteristics associated
with survival are genetically coupled in some way to the tendency to return to
a given wintering area, and if both traits are passed from parents to off-
spring. Inheritance of complex behavioral patterns is now so well established
in some species that such an hypothesis may be warranted, At any rate, pre-
dictions of the hypothesis can be tested: We would expect that populations of
subadults would, immediately after settlement, vary geographically with respect
to potentially adaptive morphological traits, After a wintér of selection,
overall abundance should decrease and some fine-tuning should have occurred;
but the norm should be littled changed; i.e. normalizing selection would have
taken place,

Upon analysis of |our data for patterns in overwinter selection for
wing length, and after more is known of local variations in body size and
selective regimes, we shall be in a position to pursue a geographic study
of patterns in selection and perhaps ultimately speak to problems of choice

of the wintering site by subadult juncos,
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Another implication of our study lies in the relationship between
demography and body size on the one hand and interspecific competition
on the other, If winter ranges of closely related species overlap but do not
perfectly coincide and each species sows differential migratory behavior of the
sex/age classes, an interesting situation might arise in which interspecific
contact, hence the potential for competition, occurs largely among only
certain éex/age classes of the several species,

Two potential winter competitors of eastern-wintering juncos are the

Tree Sparrow (Spizella arborea) and the White-throated Sparrow (Zonotrichia

albicollis)., The Tree Sparrow is smaller than the junco, the White-throated
Sparrow larger; all three species are attracted to brushy old fields during
winter, Further, the White-throated Sparrow is known to hybridize occasionally
with the junco, suggesting close relationship (Hamilton and Hamilton 1957).
Male Tree Sparrows, like male juncos,winter farther north than females
(Ketterson and Nolan uunpublished data, Pent 1968); it is not known whether
the White-throated Sparrow exhibits similar behavior, According to our
limited data, because the center of the winter range of the Tree Sparrow is
north of the junco's and the ranges overlap, junco populatiﬁds whose males
outnumber females 2:1 coexist with Tree Sparrow populations whose females
outnumber males 3.5:1, Similarly, juncos wintering in more southerly latitudes
where most White-throated Sparrows winter are small (i,e., female),

The effect of the several distributions referred to is that populations
of coexisting sparrows differ in average body size more than they would in
the absence of geographic variation in sex ratio., The result and perhaps the
function may be a decrease in the potential effects of interspecific com-
petition, Success of the project proposed here may ultimately permit us

to explore this question,
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