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ABSTRACT.--Plasma levels of luteinizing hormone (LH), testosterone, and corticosterone 
were measured in relation to periods of inclement versus fair weather during the reproduc- 
tive season of the Puget Sound White-crowned Sparrow (Zonotrichia leucophrys pugetensis). 
In 1974, cool stormy weather in spring delayed the onset of breeding by one month and 
also prolonged the period of elevated circulating levels of LH and testosterone, compared 
with the fair spring of 1975. Inclement weather in 1974 did not appear to be stressful, as 
indicated by body weights and plasma levels of corticosterone. In late May 1980, however, 
a storm occurred after nesting activities had begun and all pairs sampled were feeding 
young. In this case, plasma levels of corticosterone were greatly elevated above those of 
birds sampled at the same time in the warm spring of 1979 and also above those of birds 
sampled in spring of both 1974 and 1975. In addition, fat depots were virtually exhausted 
in birds sampled during the storm of 1980, suggesting that these birds were stressed. Most 
pairs lost their brood in May 1980, presumably to starvation, and renested after amelioration 
of environmental conditions in June. 

These data suggest that although storms may modify the onset and temporal progression 
of the reproductive cycle, they are stressful to adults only when the nesting phase is in 
progress. Thus, the underlying mechanisms by which inclement weather delays the onset 
of breeding or disrupts the nesting once underway are likely to have different endocrine 
bases. Received 29 March 1982, accepted 31 August 1982. 

ASEASONAL storms occasionally disrupt the 
nesting activity of birds that breed at higher 
latitudes and altitudes. For example, periods 
of unseasonabty cold weather, prolonged pre- 
cipitation, or storms may reduce the trophic 
resources available to Chaffinches (Fringilla 
coelebs) to an extent that adults cannot find suf- 
ficient food for themselves and their nestlings. 
The latter may die of starvation, or, in some 
cases, the nest may be damaged or destroyed 
(Newton 1964, 1973). In Mountain White- 
crowned Sparrows (Zonotrichia leucophrys or- 
iantha) aseasonal snowfall may cover food re- 
sources without destroying nests. Under these 
conditions, breeding pairs often abandon nests, 
and sometimes the territory, to forage widely. 
As conditions ameliorate and food is again 
available, they return to their territories and 
begin a second nesting effort (Morton et at., 
1972, Morton 1976). In these instances, it is 
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tempting to suggest that aseasonal storms 
somehow depress circulating levels of lutein- 
izing hormone (LH) and sex steroid hormones, 
which regulate sexual and territorial behavior 
(e.g. Adkins-Regan 1981, Harding 1981; see also 
Wingfield and Farner 1980), and elevate plasma 
levels of corticosterone, which mobilizes en- 
ergy reserves (see Holmes and Phillips 1976, 
Siegel 1980 for reviews). 

Although renesting after the loss of a clutch 
or brood involves well-characterized endocrine 

changes (Donham et at. 1976, Wingfield and 
Farner 1979), the effects of inclement weather 
and the mechanisms through which it disrupts 
the nesting phase are by no means clear. 
Storms, concomitant decreases in ambient 
temperature, and restricted availability of food 
may be stressful, especially for individuals that 
are incubating or feeding young. Indeed, sev- 
eral laboratory investigations of reproductively 
mature birds have shown that a variety of 
stresses alter temporal patterns of secretion of 
LH, depress plasma levels of sex steroid hor- 
mones, and elevate circulating titers of corti- 
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Fig. 1. Temperature data (3-day means) for Coupeville, Whidbey Island, Island County, Washington 
(from U.S. Environmental Data Service). Coupeville is approximately 10 km west of the study sites on 
Camano Island. 

costerone (e.g. Wilson et al. 1979, Scanes et al. 
1980, Wingfield 1980, Wingfield et al. 1982; 
see Holmes and Phillips 1976, Siegel 1980 for 
review). As far as we are aware, however, there 
have been no investigations of the endocrine 
responses of naturally breeding populations of 
birds to the stressful effects of aseasonal storms. 

In this communication we report the effects 
of low ambient temperature and stormy weath- 
er on plasma levels of hormones and repro- 
duction in free-living populations of the Puget 
Sound White-crowned Sparrow (Z. l. pugeten- 
sis). 

MATERIALS AND METHODS 

Study areas and field techniques.--Male White- 
crowned Sparrows were captured in mist nets and 
baited live traps in the vicinity of Seattle, Washing- 
ton (48øN), on study sites on Camano Island (Island 
County) in 1974 and 1975 and near Hart's Lake (Pierce 
County) in 1979 and 1980. Results of investigations 
at the former site have been published previously 
(Wingfield and Farner 1977, 1978a). 

Immediately after a bird was captured, a blood 
sample (approximately 400/•1) was removed from the 
alar vein into heparinized capillary tubes. Each bird 
was then banded, color marked, and weighed, and 
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FiG. 2. Temperature data (3-day means) •ot McMJ]]jn Rese•oJt, •ietce County, Washington (•om U.S. 
•nvJtonmema] Data Se•Jce). McMJiiJn Rese•oJt is approximately 25 km northeast o• the study site at Ha•t's 
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TABLE 1. Breeding status in relation to weather of naturally breeding populations of White-crowned Spar- 
rows (Zonotrichia leucophrys pugetensis). 

Year Sample dates Weather Breeding activity 

1974 30 April-20 May Cold, heavy overcast, precipitation, 
frequent storms 

1975 30 April-20 May Cool, sunny, no storms 
1974 20 May• June Cold, heavy overcast and precipita- 

tion, frequent storms 

1975 20 May-6 June Cool, sunny, no storms 

1974 6 June-2 July Warm and sunny 

1975 6 June-2 July Warm and sunny 

1979 26 May-31 May Warm and sunny 

1980 27 May-30 May Cold, heavy overcast and precipita- 
tion 

1980 8 July-28 July Warm and sunny 

Males on territory and paired, little 
further breeding activity 

Most females incubating 
Breeding delayed by storms, very 

few females with nests, little 
breeding activity 

All sampled pairs feeding nestlings 
First fledglings appear 
Feeding nestlings, first fledglings 

appear 

Nesting activity for second brood, 
incubation and feeding nestlings 

All sampled pairs feeding nestlings 
of fledglings 

All sampled pairs feeding nestlings 
or fledglings 

All samples pairs feeding nestlings 
or fledglings 

its gonadal state was assessed during unilateral lap- 
arotomy (Wingfield and Famer 1976). In 1979 and 
1980, estimates of subcutaneous fat depot in the fur- 
culum and abdomen were also made. All birds were 

then released for field observations and possible re- 
capture. After centrifugation of blood samples in the 
field, the plasma samples were frozen on dry ice until 
returned to the laboratory where they were stored at 
-20øC until analyzed (Wingfield and Famer 1976). 

Collection of samples in relation to weather.--In 1974 
and 1975, blood samples were collected at least 4 days 
per week from mid-April to August as part of an 
investigation of the endocrine control of reproduc- 
tion under natural conditions (Wingfield and Famer 
1977, 1978a). The spring of 1974 (late April and May) 
was marked by continually indement weather; heavy 
precipitation and strong winds (up to 60 km/h) pre- 
vailed in May, in contrast with the same period in 
1975 (Fig. 1). 

In 1979 and 1980, blood samples were collected at 
least 3 days per week from mid-April through early 
July as part of further investigations on the hormonal 
control of reproduction in birds (Moore and Wing- 
field 1980, Moore 1982). The springs of 1979 and 
1980 (April-May) were mild, with no storms, and in 
both years breeding began in early May. In 1980, 
however, an intense storm accompanied by heavy 
precipitation occurred at the end of May, when most 
pairs were feeding nestlings or fledglings. Temper- 
ature data for McMillin Reservoir, 25 km northeast 
of Hart's Lake, are presented in Fig. 2. 

Hormone assays.--Luteinizing hormone was mea- 
sured by the double antibody, post-precipitation ra- 
dioimmunoassay for avian LH as developed by Fol- 
lett et al. (1972) and modified for use on plasma from 

Passeriformes by Follett et al. (1975). Plasma levels 
of testosterone were measured by the methods of 
Wingfield and Famer (1975), and corticosterone by a 
radioimmunoassay procedure following the chro- 
matographic separation procedure described by 
Wingfield and Famer (1975). These assays have been 
used routinely in this laboratory for over 8 years (see 
Wing field and Famer 1977, 1978a, b, 1980). 

Statistics.--Differences between groups were de- 
termined by the Mann-Whitney U-test, one-tailed 
(Zar 1974). 

RESULTS 

AS noted above, the ambient temperature was 
5-10øC lower in early May 1974 than in 1975 
(Fig. 1). Early May is usually the period of egg 
laying for the first clutch (Fig. 1, Table 1; see 
also, Wingfield and Farner 1977, 1978a). Tem- 
peratures in 1974 remained generally lower than 
those of 1975, except for a brief period in mid- 
May, and did not increase appreciably until 
June. This period of low temperature was ac- 
companied by heavy overcast and frequent 
storms with precipitation (Table 1). In 1975 
weather was generally sunny and without 
storms; all pairs studied were feeding nestlings 
or fledglings by early June. In 1974 breeding 
was delayed, with few females having nests by 
this time. Nestlings were not found until late 
June, and the first fledglings did not appear 
until 2 July 1974, in comparison with 4 June in 
1975. 
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FIc. 3. Body weight, and plasma levels of LH, 
testosterone (T), and corticosterone (B) in male White- 
crowned Sparrows (Z. 1. pugetensis) sampled during 
spring 1974 and 1975. The stylized rain cloud indi- 
cates the period of stormy weather, and the sun in- 
dicates periods of fair weather. Vertical lines are 
standard errors of means, and numbers within open 
bars indicate sample sizes. Asterisks indicate signif- 
icant difference between 1974 and 1975, * = P • 0.05; 
ß *= P • 0.02. 

There was a downward trend in both years 
in plasma levels of LH and testosterone in males 
from late April to June or July (Fig. 3), as is 
typical for White-crowned Sparrows through 
this period (Wingfield and Farner 1977, 1978a). 
Plasma levels of LH in males in June 1974 were 
higher than in males during the same period 
in 1975 (P < 0.02), and circulating levels of tes- 
tosterone were also higher during May and June 
in 1974 (P < 0.02 and P < 0.05). Plasma levels 
of corticosterone had increased by late May and 
June 1975 when birds were feeding young (P < 
0.05). There were no differences in body weight 
between the two years. 

The weather in early spring in both 1979 and 
1980 was warm and sunny, with temperatures 
usually remaining above 15øC (Fig. 2). In both 
years White-crowned Sparrows were feeding 
nestlings or fledglings by late May (Table 1). 
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FIG. 4. Fat score and plasma levels of LH, testos- 
terone (T), and corticosterone (B) in male White- 
crowned Sparrows (Z. l. pugetensis) sampled during 
spring and summer, 1979 and 1980. The stylized rain 
cloud indicates the period of stormy weather, and 
the sun indicates the periods of fair weather. Vertical 
lines are standard errors of means, and numbers 

within open bars indicate sample sizes. Asterisks in- 
dicate significant difference between 1979 and 1980, 
** = P < 0.001. 

At this time in 1980, however, there was a pre- 
cipitous decrease in temperature, to as low as 
10øC below that recorded at the same time in 

1979 (Fig. 2), accompanied by heavy overcast 
and precipitation (Table 1). In June, conditions 
ameliorated, temperatures remaining below 
those of 1979 but similar to those of June 1974 
and 1975 (Fig. 1). During late May 1980, plasma 
levels of corticosterone were elevated greatly 
above those of birds sampled at the same time 
in 1979 and at the same stage of breeding (P < 
0.001, Fig. 4). By July 1980, when birds were 
feeding nestlings of a second nesting attempt, 
corticosterone levels had declined (P < 0.02). 
Subcutaneous fat depots were virtually deplet- 
ed in birds sampled during the storm of 1980 
(P < 0.001) but were restored by July. No dif- 
ferences in plasma levels of LH and testoster- 
one in males were observed between years. 

DISCUSSION 

Abnormal weather conditions may delay the 
onset of breeding, despite the presence of 
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functional or near functional gonads, or dis- 
rupt the nesting phase if breeding is already 
underway (for reviews see Marshall 1949, 1959; 
Lofts and Murton 1968; Famer and Lewis 1971; 
Newton 1973; Murton and Westwood 1977; 

Wingfield 1980; Wingfield and Farner 1980). 
Our results show that the delay in the onset of 
breeding caused by prolonged spring storms 
in 1974 was also accompanied by maintenance 
of elevated plasma levels of LH and testoster- 
one, which normally decline from the initial 
spring peak during the onset of incubation and 
feeding of young (Wingfield and Farner 1977, 
1978a, b). Thus, the extended period of elevat- 
ed plasma levels of sex hormones in 1974 may 
have maintained sexual and territorial behav- 

ior so that nesting activities could begin im- 
mediately after amelioration of environmental 
conditions. The storms did not appear to stress 
the adult White-crowned Sparrows because 
plasma levels of corticosterone were lower than 
in birds sampled at the same time in 1975, when 
the birds were foraging intensively in order to 
feed young. Foraging to feed young itself may 
have been stressful, as suggested by the grad- 
ual increase in circulating levels of corticoste- 
rone in male Z. I. pugetensis during parental care 
(Wingfield and Farner 1977, 1978a). In 1980, 
however, the storm struck after the nesting 
phase had begun and was accompanied by a 
dramatic increase in plasma levels of cortico- 
sterone well above those measured in 1974 and 

1975, and a decrease in subcutaneous fat de- 
pots, suggesting that these birds were stressed. 
Curiously, plasma levels of LH and testoster- 
one were unaffected, probably because these 
levels had already declined from the initial 
spring peak (see Wingfield and Farner 1977, 
1978a). Furthermore, these birds remained on 
territory (or at least in the immediate area) 
throughout the period of inclement weather, 
although nesting was generally unsuccessful, 
as no fledglings were observed until after a sec- 
ond nesting attempt in June and July. 

The different endocrine responses to storms 
in 1974 and 1980 suggest the following expla- 
nation: If an unseasonable storm occurs early 
in spring, the onset of breeding is delayed even 
though the gonads may be functional or near 
functional, and plasma levels of LH and tes- 
tosterone in males remain generally high. The 
effects of the storm do not appear to be stress- 
ful, because there are no young that require 
extra foraging by the adults. If storms and low 

temperatures occur late in spring during pa- 
rental care, however, trophic resources decline 
at a time when both adults and a brood of young 
must be fed. In this case, the storm is stressful, 
as indicated by increases in plasma levels of 
corticosterone and depletion of fat stores. Thus, 
the underlying mechanisms by which incle- 
ment weather delays the onset of breeding or 
disrupts the nesting phase once underway are 
likely to have different endocrine bases. 

Whether storms influence endocrine func- 

tion through a direct effect of, for example, low 
temperature or an indirect effect on food re- 
sources has been a matter of conjecture (Wing- 
field 1980, Wingfield et al. 1982). In do- 
mestic birds low temperatures tend to depress 
testis growth (e.g. Huston 1975) and disrupt 
ovulatory cycles (e.g. Riddle and Honeywell 
1924), even though food and water are provid- 
ed ad libitum. Similar treatment also produces 
an elevation of circulating levels of corticoste- 
rone (Nir et al. 1975, Jeronen et al. 1976, Beuv- 
ing and Vonder 1978). Low environmental 
temperature, however, has only a slight effect 
on photoperiodically induced gonadal growth 
in feral species (for review of early literature 
see Marshall 1949, see also Lewis and Famer 
1973), on plasma levels of LH or testosterone, 
or on circulating levels of corticosterone in male 
Z. I. gambelii (Wingfield 1980, Wingfield et al. 
in press). Moreover, Rowan (1925) showed that 
male Dark-eyed Juncos (Junco hyemalis) housed 
in outdoor aviaries (in Alberta, Canada) under 
artificial long days and with free access to food 
developed functional gonads and came into full 
song in December, when ambient tempera- 
tures were as low as -47øC. Similarly, feral 
populations of crossbills (Loxia curvirostra and 
L. leucoptera) can breed at any time of the year 
if cone crops of pines (Pinus sp.), larches (Larix 
sp.), and spruce (Picea sp.) are sufficient (Bai- 
ley et al. 1953, Tordoff and Dawson 1965, New- 
ton 1973). 

Thus, if birds have free access to food, low 
environmental temperature appears to have lit- 
tle effect on reproductive function in feral 
species. Inanition can have rapid and dramatic 
effects on reproductive function, however, in 
both domesticated and feral avian species. For 
example, varying degrees of food restriction 
result in gonadal atrophy, decreased plasma 
levels of LH and testosterone, and increased 
concentrations of corticosterone (e.g. Assen- 
macher et al. 1965, Assenmacher 1973, Erb et 



January 1983] Hormonal Responses to Weather 61 

al. 1978, Wilson et al. 1979, Harvey et al. 1980, 
Scanes et al. 1980, Wingfield 1980; R. A. Lewis, 
P. W. Mattocks, J. C. Wingfield, and D. S. Far- 
ner unpubl. results). Although low tempera- 
tures may result in more rapid depletion of 
energy stores, especially for nocturnal 
thermoregulation and for the feeding or brood- 
ing of young, these stores can be easily re- 
placed if sufficient food is available (Ketterson 
and King 1977). Thus, it seems likely that in- 
clement weather is stressful during breeding 
because it depresses food resources, especially 
in species such as the White-crowned Sparrow, 
which feeds its young almost entirely on in- 
sects. 
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