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ABSTRACT.—Field and laboratory investigations were conducted to assess the
effects of selected stressors on White-crowned Sparrows (Zonotrichia leucophrys
gambelii and Z. |. pugetensis). Within a few minutes after capture during the non-
breeding winter phase, the birds’ plasma corticosterone increased, whereas their
already low levels of luteinizing hormone (LH) and dihydrotesterone (DHT)
declined further. In contrast, in the summer, or breeding phase, corticosterone
levels increased much more slowly (sometimes not at all in females) during the
first hour after capture. Plasma levels of LH in breeding birds were unaffected by
capture and handling, as were levels of DHT in males and estrogen in females.
In some cases, however, circulating levels of testosterone declined in males.

In photostimulated, caged, male Z. [. gambelii circulating levels of corticoste-
rone, LH, and DHT appeared to be unaffected by ambient temperatures between
5° and 32°C, but the level of testosterone was significantly depressed at 32°C.

Capture, transport for 250 km, and subsequent caging of male and female Z.
[ gambelii in autumn and winter within 24 h increased plasma corticosterone,
and decreased LH and DHT. As the birds acclimated to captivity, a decrease in
levels of corticosterone was followed by transient elevations of LH and DHT after
which concentrations of these hormones stabilized at capture levels. Males trans-
ferred from outdoor aviaries and held one, two, or three per cage on short days
also developed elevated concentrations of corticosterone and depressed levels of
LH and DHT. Corticosterone decreased within two weeks in birds held one or
two per cage, and within three weeks in those housed three per cage. As corti-
costerone levels decreased, transient increases occurred in LH and DHT, with
the highest levels in birds held three per cage.

For more than half a century feral passerine
birds have been used in investigations in both
laboratory and field. Recently techniques have
been developed to examine changes in endo-
crine status and in condition of the reproduc-
tive system of individually marked breeding
birds in the field (Wingfield and Farner 1976,
1977, 1978a, b). However, relatively little con-
sideration has been given to the development
and effects of stress under the conditions of
investigation. Although capture, handling, lap-
arotomy, transport, and confinement in cap-
tivity are presumably stressful, we know of no
attempt as yet to assess the role of these pro-
cedures as stressors in feral avian species. Such
assessments are obviously critical for inter-
preting data on endocrine and gonadal func-
tion derived from such species in both the field
and laboratory. In addition, they should pro-
vide insights into the underlying mechanisms
of responses and adaptations of natural pop-
ulations to stressful disturbances or alterations
of the environment.

Using a system first described six years ago

(Wingfield and Farner 1976), we have assessed
the effects of selected assumed stressors on the
plasma concentrations of corticosterone,
luteinizing hormone, and sex steroid hor-
mones in White-crowned Sparrows (Zono-
trichia leucophrys).

MATERIALS AND METHODS
BIRDS

The investigations described here are based
primarily on Z. [ gambelii, a long-distance
migrant that breeds at high latitudes or alti-
tudes. This race normally produces only a sin-
gle brood per season although pairs renest after
early loss of clutch or brood (Wingfield and
Farner 1978b). For some comparative pur-
poses we present a few data from Z. [ puge-
tensis, a short-distance migrant that breeds at
lower latitudes and altitudes and produces two
or three broods per season (Lewis 1975, Wing-
field and Farner 1977, 1978a).

Blood samples were collected from breeding
Z. | pugetensis on Camano Island, Island
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County, Washington (48°10'N, 122°30'W) in
spring and summer 1974 and 1975, and from
breeding Z. [. gambelii near Fairbanks, Alaska
(64°50'N, 147°48'W) in the summer of 1976.
Most of the birds were banded and released
after blood sampling, laparotomy, and weigh-
ing in conjunction with investigations of the
endocrinology of the annual cycles of these two
races. Birds were also taken from wintering
flocks of Z. [. gambelii in the Sunnyside Game
Refuge, 5 km southeast of Mabton, Yakima
County, Washington (46°50'N, 120°0'W) in the
period 1974-1980. The latter were held in bur-
lap-covered cages (1 X 0.5 X 0.5 m), 40-50 per
cage, and provided with food and water ad
libitum for several hours while being trans-
ported to Seattle. Here, at the University of
Washington, they were placed either in large
outdoor aviaries under natural conditions of
daylength and ambient temperature, or in small
cages (40 X 26 X 22 cm) in controlled envi-
ronment chambers at 20°C and 55% relative
humidity. Food and water were again provided
ad libitum.

Blood samples were collected from the bas-
ilic vein into heparinized microhematocrit
capillary tubes both in the field and the labo-
ratory. In the laboratory all samples were col-
lected 2—4 h after “lights on” (10:00-12:00),
and in the field most samples were taken dur-
ing the morning (06:00-13:00).

Plasma from these samples was stored at
—20°C until analyzed. (Details concerning
blood sampling, centrifugation, and transport
of samples collected in the field have been
described by Wingfield and Farner [1976].) In
some cases, hematocrit was estimated in order
to assess the effects of serial sampling of blood
from individual sparrows. Birds in laboratory
experiments were weighed periodically,
whereas those in field studies were weighed
only at each capture.

ASSAY OF PLASMA LEVELS OF
HORMONES

Luteinizing hormone (LH) was measured by
the post-precipitation, double-antibody
radioimmunoassay for avian LH of Follett et
al. (1972) modified for use on plasma from
White-crowned Sparrows (Follett et al. 1975).
The assay has been in routine use in this lab-
oratory for over seven years. All samples were
assayed in duplicate and aliquots of piasma
pooled from several sparrows were assayed at
three dilutions in each assay as a measure of
inter-assay variation.

By radioimmunoassay or competitive-pro-
tein-binding, we measured 17B-hydroxy-5a-
androstan-3-one (dihydrotestosterone or
DHT), testosterone, estrone, estradiol-17B, and
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corticosterone. Each plasma sample was equil-
ibrated with approximately 2,000 cpm of the
H3-steroid to be measured, as an internal stan-
dard for recovery determinations, and extracted
with 5-10 volumes of dichloromethane.
Extracts were dried under a stream of nitrogen,
solubilized in 10% ethyl acetate in isooctane,
chromatographed on Celite-glycol micro-col-
umns, and the partially purified steroid hor-
mones then assayed. For details of these tech-
niques, see Wingfield and Farner (1975).

After plasma had been removed for
radioimmunoassay of LH, the remaining vol-
ume of each sample from serially sampled birds
in laboratory experiments was generally insuf-
ficient for the measurement of sex steroid
hormones. In these cases, we measured the
corticosterone in the sample after chromato-
graphing it on thin-layer silica gel plates (see
Wingfield and Grimm 1977). Dichloro-
methane extracts were chromatographed in
chloroform:methanol:water (90:10:1, v/v/v)
for 15 cm and areas of extract lanes next to
lanes containing corticosterone standards
eluted in dichloromethane:methanol, 9:1, v/v
(Wingfield and Grimm 1977). Purified extracts
were then assayed for corticosterone as
described by Wingfield and Farner (1975).

In all steroid assays, two 1-ml aliquots of
distilled water and 0.5-ml aliquots of pooied
plasma were taken through the entire assay
procedure. Assay of distilled water measured
non-specific interference in the assay system.
Such interference was below the sensitivity of
the standard curves. Assay of the pooled plasma
gave a measure of inter-assay variation, which
was less than 13%. All of these values are within
the ranges given by Wingfield and Farner
(1975).

OBSERVATIONS AND EXPERIMENTS
FIELD INVESTIGATIONS

Blood samples were taken from males and
females of both Z. I gambelii and Z. . pug-
etensis. Some baseline samples were obtained
by cardiac puncture within 1-2 min after the
bird was shot. Most of the birds, however, were
captured in Japanese mist-nets and samples
were taken up to 120 min after capture.

COMBINED FIELD AND LABORATORY
INVESTIGATIONS

To examine the effects of capture, handling,
transport, and caging, we collected blood sam-
ples from male and female Z. [ gambelii at
the Sunnyside Game Refuge in winter (Octo-
ber-January), at intervals during transport of
them to the laboratory, and during their accli-
mation to captivity. These samples were
assayed for LH and corticosterone; and in some
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cases, for DHT and testosterone. In captivity,
birds were exposed to natural daylength (out-
door aviaries) or to photoperiods in environ-
mental chambers that equalled the natural
daylength at that time.

In one experiment, we collected serial blood
samples from 12 males and 8 females at 0, 0.5,
2, and 24 h after capture; and at three-day
intervals thereafter until day 20 of captivity.
Immediately after removing the first blood
sample, we laparotomized these birds to deter-
mine their sex.

In another experiment, we captured 104 male
Z. l. gambelii at the Sunnyside Game Refuge
in January and took blood samples from groups
of them. Each individual was sampled only
once to avoid the possible effects of repeated
sampling. The first group was sampled within
6 min of capture; samples from the others were
taken at 2 and 24 h and then at intervals of
three days for 33 days post-capture.

LABORATORY INVESTIGATIONS

Short-term effects of handling on plasma levels
of corticosterone. In general, 2-5 min are
required to either capture a bird in a cage or
remove one from a mist-net, and to collect a
blood sample. It is possible that plasma con-
centrations of corticosterone may change over
this very brief period. To investigate this, we
procured blood samples from captive male Z.
1. gambelii 40-350 s after handling. Birds were
housed two per cage in light- and sound-proof
boxes at ca 20°C (one cage per box) in four
groups, eight per group. Group 1 consisted of
photorefractory (PR) birds held on a photo-
regime of 20L 4D; subjects in group 2 were
also PR, but subjected to 8L 16D. Group 3
contained photosensitive (PS) birds held on
20L 4D; group 4 also consisted of PS birds,
but they were held on 8L 16D. As the box was
opened, the time taken to collect a blood sam-
ple (three capillary tubes, approximately 150
ul) was measured with a stopwatch to the near-
est 5 s.

Effects of crowding and social position on
plasma levels of LH, androgen, and cortico-
sterone. Male Z. [. gambelii were housed one
(n = 6),two (n = 10), or three (n = 12) per cage
with food and water ad libitum, on a photo-
regime of 8L. 16D and at 23°C. Blood samples
were collected on days 0, 7, 14, 21, and 28. In
cases in which birds were held two or three per
cage, the dominant and subordinate individ-
uals were identified by daily observations of
supplanting behavior at the food cup.

Effects of environmental temperature on
plasma levels of LH, androgens, and cortico-
sterone of photostimulated males. Three groups
of male Z. . gambelii were housed one or two

401

per cage on a daily photoregime of 8L 16D at
23°C. On day O of the experiment, the day-
length was increased to 20L 4D and after 31
days of this treatment, a time when plasma
levels of testosterone are highest (see Lam and
Farner 1976), blood samples were obtained.
Group 1 was then transferred to a chamber
with an ambient temperature of 5°C (n=7)
and group 2 to a chamber at 32°C (n = 7). To
control for the possible stress of moving cages
from one chamber to another, group 3 (n = 6)
was removed and then replaced in the chamber
at 23°C. After four days (day 35 of 20L 4D),
blood samples were collected and the birds
returned to an ambient temperature of 23°C.
Final blood samples were then collected on day
39 of the experiment.

STATISTICS

Unless otherwise stated, data within groups
were subjected to an analysis of variance and
levels of significance determined by the New-
man-Keuls multiple range test for unequal
samples. Comparisons among groups were
made with the Student’s z-test, unpaired, and
the Mann-Whitney U-test. Paired f-tests were
used to examine changes in the concentrations
of hormones, or changes in body mass and
hematocrit within the same group.

RESULTS

PLASMA LEVELS OF HORMONES
FOLLOWING CAPTURE IN THE FIELD

No statistically significant changes in circulat-
ing levels of LH, DHT, testosterone, estradiol
or corticosterone were observed over the first
10 min after capture in Z. [. gambelii and Z.
L. pugetensis (P > 0.1, Figs. 1 and 2). How-
ever, time and corticosterone levels showed a
significant positive correlation through the first
60 min in male Z. l. gambelii (r = 0.388, P <
0.01) whereas for the same interval the cor-
relation between time and testosterone levels
was negative (r = —0.367, P < 0.01).

Among male and female Z. [. gambelii cap-
tured on breeding and wintering areas, no sig-
nificant changes in levels of LH were detect-
able up to 12 h after capture (Figs. 1 and 2).
Similarly, levels of estrogen did not change
significantly over the same period (Fig. 2).
However, in males, circulating levels of cor-
ticosterone increased significantly between 3
and 10 min after capture in winter, and between
11 and 20 min in the breeding season (Fig. 1;
P =< 0.01 in both cases). Also in females in
winter, the blood levels of corticosterone were
elevated after 10 min of capture (P < 0.01)
with highest levels at 120 min after capture
(Fig. 2; P < 0.001). In contrast, plasma levels
of corticosterone in breeding females did not
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FIGURE 1. Plasma levels of corticosterone, irLH, and
testosterone in male Z. [ gambelii as functions of time
after capture in the field. Vertical lines in this and other
figures represent standard errors of the means.

change over 30 min post-capture (Fig. 2). In
breeding Z. /. pugetensis no significant changes
in plasma levels of LH, DHT, testosterone,
estrogen, or corticosterone occurred up to 29
min post-capture.

PLASMA LEVELS OF LH AND STEROID
HORMONES FOLLOWING CAPTURE IN THE
FIELD, UNILATERAL LAPAROTOMY, AND
ACCLIMATION TO CAPTIVITY

After capture, body weights were low, but then
increased over the next 20 days in both male
and female Z. [ gambelii (Figs. 3 and 4; P <
0.001 and P < 0.01, respectively). Although
hematocrit decreased during the first day post-
capture (Figs. 3 and 4; P < 0.00]1 and P <
0.025 in males and females respectively), by
day 20 it had returned to levels recorded at
capture (P < 0.005 and P < 0.05 between days
1 and 20 respectively). As expected under win-
ter conditions, plasma levels of LH were low
throughout the period of observation except
for a transitory increase between 8 and 14 days
after capture (P < 0.005 and P < 0.025 for
males and females, respectively). In addition,
circulating LH decreased slightly but signifi-
cantly in males during the first day of captivity
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FIGURE 2. Plasma levels of corticosterone, irLH, and
estrogen (estradiol and estrone combined) in female Z. /.
gambelii as functions of time after capture in the field.

(Fig. 3; P < 0.05). Plasma levels of cortico-
sterone were generally high over the first
24 h of captivity (Figs. 3 and 4; P < 0.025 in
males), but then decreased between days 4 and
14 (P < 0.05 in both sexes) when levels of LH
were high.

Among 104 males captured at Sunnyside
Game Refuge in January and sampled in groups
to avoid possible effects of repeated opera-
tions, body weight and plasma levels of LH
decreased over the first day (Fig. 5; P < 0.001
and P < 0.05, respectively) and hematocrit
declined after five days (P < 0.001). Circulat-
ing corticosterone levels increased between 6
min and 2 h (P < 0.025), but no further sig-
nificant changes occurred over the next 33 days.
Both body weight and hematocrit had
recovered to original levels by day 33 (P <
0.001 and P < 0.01, respectively). As in birds
subjected to serial sampling (Figs. 3 and 4),
plasma levels of LH increased to a transient
maximum at day 21 (Fig. 5; P < 0.005), and
by day 33 had declined to the levels at capture.
Since each bird was sampled only once, we
collected enough plasma for assays of DHT
and testosterone. Although no changes in tes-
tosterone were detected, plasma levels of DHT
increased between days 8 and 14. Thereafter,
the levels of DHT were similar to those mea-
sured during the 24 h after capture.
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FIGURE 3. Body weight, hematocrit, and plasma levels of corticosterone and irLH in male Z. I. gambelii as functions
of time after capture in the field, unilateral laparotomy, and acclimation to captivity. Each bird was serially sampled
and numbers on the curve in the upper left panel indicate sample size. All birds were subjected to 10L 14D to mimic

autumn daylength.
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SHORT-TERM EFFECTS OF CAPTURE AND
HANDLING ON PLASMA LEVELS OF
CORTICOSTERONE

Plasma levels of corticosterone showed no
change over a period of 350 s in PR birds held
on 20L 4D, although levels may have tended
to increase in PR birds held on 8L 16D and
in PS birds on 20L 4D. Only in PS birds on
short days did circulating levels increase sig-
nificantly (after 150 s, P < 0.02), although
there was a decrease by 300 s.

EFFECTS OF AMBIENT TEMPERATURE ON
PLASMA LEVELS OF HORMONES

Circulating levels of LH and corticosterone did
not differ significantly among the groups after
four days of exposure to 5, 23, or 32°C (analysis

of variance with respect to time within a group;
and Mann-Whitney U-test across treatments,
Table 1). However, plasma levels of testoster-
one were significantly higher in controls held
at 23° than in those held at 32° (P < 0.05,
Mann-Whitney U-test).

EFFECTS OF GROUPING ON PLASMA
LEVELS OF HORMONES

Levels of corticosterone were highest in all birds
at day O (Fig. 7) and decreased to a low at day
14 in those either caged alone (P < 0.01) or
in pairs (P < 0.05). Plasma levels of cortico-
sterone in sparrows held three per cage also
declined, but more slowly, with lowest levels
being reached only at day 21 (P < 0.01).
Circulating levels of LH showed transitory

TABLE 1. Effects of environmental temperature on plasma levels of irLH, DHT, testosterone (T), and corticosterone

(O) in artificially photostimulated male Z. /. gambelii.'

Temperature Day 31 Day 35 Day 39

group n irLH  DHT T C ifLH  DHT T C irlH  DHT T C
5°C 7 236% 327+ 209+ 1347+ 251+ 362+ 654+ 13.14% 2.39+ 164+ 292+ 1325+

0.49 26 17 1.78 0.29 78 266 247 045 44 112 2.21

23°C 6 187+ 286+ 430+ 12.16+ 2.28+ 514+ 963+ 12.01+ 1.70+ 209+ 302+ 17.08+
0.16 92 250 1.37 0.15 84  301* 230 0.22 56 113 3.67

32°C 7 220x 299+ 279+ 15.77+ 233+ 305+ 302+ 13.60+ 2.09+ 133+ 287+ 2539+
0.17 38 65 228 043 81 128 217 049 34 67 6.32

! Values in the tables are £ + SE. Titers of irLH and C are in ng/ml; DHT and T in pg/ml.
2 The decline in plasma testosterone by day 39, especially in the 23°C (control) group, is typical of a normal photoperiodically induced cycle of testicular
development in White-crowned Sparrows (see Lam and Farner 1976, Wingfield and Farner 1980).

* P < 0.05, 23°C vs. 32°C (Mann-Whitney U-test).
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FIGURE 6. Short-term effects of handling on plasma
levels of corticosterone in male Z. [ gambelii. Upper
panel = photosensitive (PS) birds, lower panel = photo-
refractory (PR) birds.

increases in all groups by day 21 (P < 0.01 in
all cases). The pattern of change was similar
to that of birds captured in the field (Figs. 1-
3). Furthermore, the highest levels of LH were
attained in birds grouped three per cage (P <
0.05). Plasma levels of DHT were low on day
0, but increased significantly at least initially
(P < 0.05). Since blood levels of testosterone
were generally below the sensitivity of the assay
system, we cannot assess the effect of grouping
on this hormone.

We found no significant differences in plasma
levels of LH, DHT, testosterone, or cortico-
sterone between dominant and subordinate
birds. ’

DISCUSSION

The increase in plasma levels of corticosterone
" that occurred in White-crowned Sparrows dur-
ing the winter months following their capture
in the field, and during routine laboratory pro-
cedures is consistent with the effects of a vari-
ety of stressors on several domestic avian
species (for reviews see Frankel 1970, Freeman
1971, Holmes and Phillips 1976, Siegel 1980),
and generally consistent with recent studies of
plasma corticosterone in domestic fowl (Gal-
lus domesticus; Edens and Siegel 19735, Nir et
al. 1975, Etches 1976, Beuving and Vonder
1978, Scanes et al. 1980), domestic Turkey

ENDOCRINE RESPONSES OF WHITE-CROWNED SPARROWS 405
20 .
PS 20L4D N e
\ 1 04
/I \{“\ /.//I% 10
05 I
[ S G
10{ <— s ~~1 o
0 . , ; : o lo E
_ 8L 16D @
£ 10 L02 & "
o 1 E :Lw s
o 0 v . g 05 L01 g g
c T - L
) PR 2 S b
5 204D . | T° ° 30 s
0 ] -, :
s __/r\ 151 -0.32
3 10- 1.01 02 1 10
05 Lo
8L 16D
0 o Lo
0 ' ' ' ' 0 7 14 21 28
50 100 150 200 250 350 days

FIGURE 7. Effect of grouping male Z. /. gambelii on
plasma levels of corticosterone (open triangles), irLH
(closed circles), testosterone (open circles), and DHT
(crosses). a = one bird per cage; b = two birds per cage;
¢ = three birds per cage. All birds were held on short day
lengths (8L 16D).

(Meleagris gallopavo, Brown and Nestor 1973,
El-Halawani et al. 1973, Simensen et al. 1978),
domestic Mallard (4nas platyrhynchos, Assen-
macher 1973, Allen et al. 1975, Landsberg and
Weiss 1976, Harvey et al. 1980), and domestic
pigeon (Columba livia; John and George 1973,
Jeronen et al. 1976). However, changes in cir-
culating levels of corticosterone in White-
crowned Sparrows are conspicuously lower
than those of domesticated species. In some
cases, €.g., in the breeding season, stress induces
at most a sluggish increase in levels of corti-
costerone in contrast with conspicuous
increases in winter (Figs. 1 and 2).

Similarly, pen-raised and feral California
Quail (Lophortyx californicus) responded only
slightly to cold, caging, and treatment with cor-
tisol and ACTH, which elicit marked responses
in domestic species (Flickinger 1966a). How-
ever, plasma levels of corticosterone in very
young chickens (Newcomer 1959, Freeman and
Manning 1979, Freeman and Flack 1980), and
also in laying hens (Etches 1976) did not
increase following handling and restraint, sug-
gesting that even among domestic avian species
there is variation in adrenal responses to stress.

The apparent lack of an adrenal response to
stress in some species, or individuals, could
indicate either that they were maximally
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stressed at the onset of the experiment, or that
they responded rapidly to handling, before a
blood sample could be withdrawn. Qur results,
however, make the latter appear unlikely, since
corticosterone usually did not increase within
350 s following handling (Fig. 6).

Seasonal changes, as yet of unexplained ori-
gin, in responses of White-crowned Sparrows
to stress are noteworthy. In Z. [ gambelii,
adrenocortical tissue regresses during the
breeding season (Lorenzen and Farner 1964),
which is consistent with our observations here
that the adrenal response to stress diminishes
during this season. We suggest for Z. [. gam-
belii, which breeds at high latitudes and alti-
tudes with brief summers, that the reduced
adrenal response to acute environmental stress
may be adaptive in permitting the normal pro-
gression of reproductive function. This is con-
sistent with the rapid amelioration of envi-
ronmental conditions in spring, the brief
duration of episodes of inclement weather, and
the requirement for maximal fitness that the
reproductive effort begin as early as possible
to avoid overlap with the first autumnal storms.
Such a mechanism may also operate for Z. /.
pugetensis, which begins nesting in the often
cool and wet springs of the Pacific Northwest.
On the other hand, if a severe stressor such as
an unseasonal storm should occur and persist
for several days, then one would predict a
marked endocrine responsc (Wingfield 1980).
Indeed, severe and chronic restriction of food
for at least 24 h causes plasma corticosterone
to increase and testosterone to decrease in sex-
vally maturing or mature Z. [. gambelii (R. A.
Lewis, P. W. Mattocks, Jr., J. C. Wingfield,
and D. S. Farner, unpubl.), which is also con-
sistent with observations on domestic avian
species (Assenmacher et al. 1965, Assen-
macher 1973, Wilson et al. 1979, Scanes et al.
1980).

Environmental temperature had little effect
on the plasma levels of hormones in our exper-
imental White-crowned Sparrows (Table 1),
although marked effects have been described
in adrenal and reproductive function in other
species, e.g., California Quail (Flickinger 1959),
domestic fowl (Edens and Siegel 1975, Huston
1975, Nir et al. 1975, Etches 1976), and
domestic pigeon (Riddle and Honeywell 1924).
Our data concerning the effects of ambient
temperature on testosterone secretion (Table
1) are consistent with those of Lewis and Far-
ner (1973) who found that testicular growth in
Z. | gambelii was relatively unaffected by
ambient temperature. Thus, as already noted,
the relative insensitivity of gonadal, as well as
adrenal, function to low temperatures may be
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adaptive in species that breed at high latitudes
and altitudes.

It is apparent that Z. [. gambelii adapts well
to captivity, at least with respect to hematocrit
and plasma levels of hormones (Figs. 3-5).
After an initial loss of body weight, our exper-
imental birds, especially those captured in
October, recovered well.

In birds captured in October (Figs. 3 and 4),
the initial decrease in hematocrit was undoubt-
edly the result of serial blood sampling. How-
ever, in those taken in January (Fig. 5) a
decrease was noted that could not be attributed
thereto. We do not know why it occurred, espe-
cially since hematocrit later recovered to cap-
ture levels despite repeated blood sampling
(approximately 250 ul) at intervals as brief as
three days. Kern et al. (1972) were also able
to collect blood at three-day intervals from Z.
{. gambelii without affecting hematocrit.
DeGraw et al. (1979) found that the hematocrit
of free-living Z. [. gambelii dropped signifi-
cantly in January. However, in our investi-
gations, hematocrit declined to a low value by
days 3—4 and recovery was apparent 6—10 days
later, suggesting that seasonal changes per se
are probably not responsible.

The transient increase in plasma LH of
White-crowned Sparrows during the period of
adaptation to captivity (Fig. 5) is curious.
Because we know of no way to provide genuine
controls, this phenomenon is difficult to
explain. However, in other experiments con-
ducted in this laboratory (e.g., Follett et al.
1975, Lam and Farner 1976, Mattocks et al.
1976), no such transitory increases were found
in White-crowned Sparrows already adapted
to captivity and held on short days. The max-
imum levels of LH (Figs. 3-5) in our captives
were substantially above normal winter levels
in free-living birds and similar to those mea-
sured in summer in this species (Wingfield and
Farner 1977, 1978a, b), and to those of birds
on an artificial photoregime of 20L 4D (Follett
et al. 1975). Since the transient increase in LH
is usually accompanied by an increase in
plasma levels of DHT, and since avian LH is
known to be steroidogenic (e.g., Maung and
Follett 1978), we conclude that the increase in
LH is real and not an artifact produced by
some nonspecific plasma protein or by cross
reaction of the LH antiserum with thyroid-
stimulating hormone (cf. Follett et al. 1972).
It should be noted that although initial increases
in LH and DHT are positively correlated, this
relationship is not always maintained in the
long term. This suggests that other factors may
regulate LH and androgen levels of Z. . gam-
belii (see also Wingfield and Farner 1980). The
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reason why circulating levels of testosterone
did not increase along with the increases in LH
and DHT is less clear. However, during the
winter DHT is apparently present in the plasma
of White-crowned Sparrows in greater concen-
trations than testosterone in both males and
females, whereas in summer, testosterone levels
far exceed those of DHT (Wingfield and Farner
1977, 19784, b).

Much has been written on the effects of pop-
ulation size and social hierarchies, i.e., social
stresses, on the endocrine glands of mammals
and, especially, of rodents. In general, isola-
tion, increased population size, density, and a
low position in a social hierarchy may increase
adrenal weight and activity, as well as decrease
body weight, and the size of testes and acces-
sory glands (e.g., Christian 1960, Bronson
1979). Similarly, grouping domestic fowl leads
1o social conflict and smaller testes (Flickinger
1966b). The number of birds within a group
rather than the density (i.e., space per bird does
not appear to be important) seems to be influ-
ential in determining the intensity of social
interactions. Within groups, dominant males
have the largest testes, whereas the subordinate
cocks have the smallest and, occasionally
atrophic, testes. In wild flocks of Woodpigeons
(Columba palumbus), subordinate members
have lower body weights and reduced survi-
vorship compared with dominant birds. More-
over, the adrenal cortex of subordinates is
hypertrophied, the cortical cells displaying
enlarged nuclei and increased RNA activity
(Murton et al. 1971). These data suggest that
social interactions do indeed have marked
effects on the endocrine state of birds. Fur-
thermore, Goetz (1974) demonstrated in Ring-
necked Pheasants (Phasianus colchicus) that
penning, handling, and crowding induce ele-
vated levels of corticosterone, especially in
females. In our investigation, plasma levels of
corticosterone were high when male Z. /. gam-
belii were first grouped, probably because of
handling since levels did not differ significantly
among the groups. However, the subsequent
decline in plasma corticosterone as the birds
acclimated to the experimental conditions was
delayed in subjects in groups of three. The lat-
ter also had the highest levels of LH, although
we found no difference between dominant and
subordinate birds. Similarly, Balthazart et al.
(1979) found no relationship between aggres-
siveness and plasma androgen levels in Jap-
anese Quail (Coturnix c. japonica), and Roh-
wer and Wingfield (1981) found no correlation
between plasma levels of DHT, testosterone,
or LH and position in dominance hierarchies
of wintering Harris’ Sparrows (Zonotrichia
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querula), although rank and plasma cortico-
sterone titer were negatively correlated. On the
other hand, androgen levels increased in both
dominant and subordinate birds as agonistic
interactions increased in frequency. Whether
or not the transient increases of circulating LH
and DHT in our birds are related to social
interactions following grouping remains to be
determined.
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