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ABSTRACT Photosensitive female blackheaded buntings (Emberiza melanocephala) were ob-
served at different photoperiodic schedules of increasing duration to study their effect on body
weight, ovarian growth, and circulating plasma estradiol level. Continuous-light (24L:0D) and
long-day (15L:9D) photoperiodic regimes showed a significant increase, followed by decrease, in
body weight, ovarian growth, and circulating plasma estradiol level. The short photoperiod (8L:16D)
showed no effect on body weight, ovarian growth, or circulating plasma estradiol level. During
24L:0D and 15L:9D birds became photorefractory and thus unable to maintain an elevated state
of body weight, ovarian growth, or plasma estradiol level. On the other hand, the birds exposed to
short photoperiod maintained their photosensitive state throughout the period. The peak attained
during 24L:0D and 15L:9D treated groups showed little variation. The present findings indicate
that long-day and continuous-light, when given for longer durations, causes photorefractoriness (a
state in which birds are unable to respond to light) and thus suggest the involvement of endog-
enous circadian components in regulating reproduction and associated events during photoperi-
odic manipulation of light/dark cycles in female blackheaded buntings. J. Exp. Zool. 283:215�220,
1999. © 1999 Wiley-Liss, Inc.

Birds respond to annual change in daylength
as an environmental cue, and its role in the con-
trol of reproductive activity and associated events
involves an endogenous circadian component.
Most of the literature available to date on avian
photoperiodism focuses on temperate zone birds,
while in the tropics and subtropics far fewer spe-
cies have been investigated (see Tewary and
Kumar, ’82; Ravikumar and Tewary, ’90; Kumar
and Kumar, ’93; Ravikumar et al., ’95). It was pre-
viously thought that in the tropics and subtropics
photoperiod may exert little influence on the regu-
lation of metabolic and reproductive functions in
birds (Immelmann, ’71) the logic behind this be-
ing that there was very little annual variation in
these regions. Later, studies from our laboratory
revealed that the daylength has a more pro-
nounced role in the control of reproduction and
its associated events than had hitherto been as-
sumed (Tewary and Kumar, ’82, ’83; Ravikumar
and Tewary, ’90; Kumar and Kumar, ’93, ’95;
Tsutsui et al., ’94). The effect of short and long
photoperiods on reproductive rhythmicity in many
avian species has been well studied (Farner and
Follett, ’66; Farner and Lewis, ’71; Tewary and

Kumar, ’82; Kumar and Kumar, ’95). The long
daylength induction of gonadal growth and sex
steroids has also been reported in several avian
species (Wingfield et al., ’91; Brain et al., ’88;
Tsutsui et al., ’94; Ravikumar et al., ’95). In birds,
annual changes in gonadal weight as a param-
eter of gonadal activity are much smaller in the
female than in the male (Farner and Moore, ’85).
Although there is much evidence for the photope-
riodic regulation of reproductive functions in the
male, not much is known about photoperiodic in-
fluences in females. The objective of the present
investigation was to find out the variations in body
weight, ovarian growth, and circulating plasma
estradiol level in response to different program-
med light/dark schedules. The experiments were
also designed to investigate the role of circadian
component(s) during photorefractoriness in pho-
tosensitive female blackheaded buntings, Em-
beriza melanocephala.
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MATERIALS AND METHODS
Animals

The blackheaded bunting (Emberiza melano-
cephala) is a strong migratory species that arrives
in the Indian subcontinent (25°18′N, 83°1′E) as
the winter season approaches (September/Octo-
ber), remains through the winter, and returns to
its breeding grounds at 40°N (West Asia and East-
ern Europe) during spring season (March/April
[Ali and Ripley, ’83]). Adult female blackheaded
buntings were captured locally near Varanasi in
December 1994, when they were available in
abundance. They were placed in an outdoor avi-
ary for two weeks to acclimatize them. Food and
water were supplied ad libitum at regular inter-
vals. In the aviary, birds were freely exposed to
natural daylength conditions.

Experimental design
In January 1995, forty-five female blackheaded

buntings were brought to the laboratory and
placed in small wire net cages (50 × 30 × 25 cm, 5
birds/cage) and all birds were exposed to short
daylength photoperiodic schedules (8L:16D) for
two months to ensure their photosensitivity. The
birds were weighed and laparotomized periodically
and shown to have maintained their normal body
weight (19–21 g) and regressed ovarian growth
(about 5–6 mg). These photosensitive birds were
divided into three groups (15 birds/group) and
were placed in programmed photoperiodic cham-
bers under different photoperiodic regimes such
as constant light (24L:0D), long (15L:9D), and
short (8L:16D) photoperiodic schedules. Each pho-
toperiodic chamber had three wire net cages (5
birds/cage) and was illuminated by a 20 W fluo-
rescent tube with a light intensity of about 400
lux at perch level. Food and water were changed
regularly only during light period. Five birds from
each photoperiodic schedule were examined every
month during a fixed period (between 15th and
20th of each month) to assess their body weight,
ovarian growth, and plasma estradiol level. The
reason for including 15 birds in each group was
to analyse 5 birds every month. If a bird died, it
was replaced by another bird of the same photo-
period to ensure the study of five birds per month.
Research was conducted up until December 1995.

Sampling
Body weight was taken on single pan balance.

Ovarian growth was assessed in situ by laparo-
tomy, comparing the ovary size with standard

sets of known ovarian weights. The rate of er-
ror using by this method is less than ±20%
(Tewary et al., ’83). The blood samples were col-
lected in heparinized capillary tubes and cen-
trifuged at 4°C (3000g). Plasma was separated,
kept in Eppendorf tubes, and stored at –20°C
until assayed for estradiol.

Radioimmunoassay of estradiol and
statistical analysis

The circulating plasma estradiol level was mea-
sured using estradiol direct RIA kit (Biotecx Labo-
ratories, Inc., Houston, TX). The kit was highly
specific for estradiol. The cross-reactivity for 17β-
estradiol was 100%. Data were analyzed using
one-way analysis of variance test (ANOVA) fol-
lowed by Newmann Keul’s multiple range t-test
at 1% and 5% significance levels (Brunning and
Kintz, ’77).

RESULTS
Effect of long days (15L:9D)

Photosensitive blackheaded buntings kept on
long days (15L:9D) showed significant variations
(Figs. 1 and 2) in body weight (P < 0.001, F-ratio
6.287, df 40, 9), ovarian growth (P < 0.001, F-ra-
tio 249.707, df 40, 9), and plasma estradiol level
(P < 0.001, F-ratio 959.132, df 10, 9). A signifi-
cant increase in body weight (P < 0.05) was ob-
served during April, May, and June, while in the
rest of the period it was not significant. Ovarian
growth also increased significantly during April,
May, and June (P < 0.01), and July and August
(P < 0.05) while it was not significant during other
periods. The plasma estradiol level also showed
significant increase during April, May, and June
(P < 0.01) and July, August and September (P <
0.05), while during the rest of the period it was
not significant. The peak was observed in May,
when all three parameters were at maximal level
and from June onwards it decreased until reach-
ing its basal level in September.

Effect of continuous light (24L:0D)
Blackheaded buntings showed significant varia-

tions (Figs. 1 and 2) in their body weight (P <
0.001, F-ratio 17.247, df 40, 9), ovarian growth (P
< 0.001, F-ratio (185.328, df 40, 9) and plasma
estradiol level (P < 0.001, F-ratio 91.065, df 10,
9). A significant increase in body weight during
April, May, and June (P < 0.01) and July (P <
0.05) was observed. Ovarian growth response was
significant during April, May, June, and July (P <
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Fig. 1. Ovarian weight (A) and body weight (B) response
in female blackheaded bunting under different light/dark (LD)
schedules. Significant increase (P < 0.001) in body and ova-
rian growth during long and continuous light treatment was

followed by regression, while short photoperiod showed no
effect on body and ovarian growth. Vertical bar represents ±
standard error of mean, n = 5 birds/observation.

0.01), and in August and September (P < 0.05).
For the rest of the period it was nonsignificant.
The plasma estradiol showed a significant in-
crease during April, May, June, and July (P <
0.01), while in August, September, and October
(P < 0.05) and the rest of the period it was non-

significant. The peak level of body weight, ova-
rian growth, and plasma estradiol was observed
in April and from here onwards it decreased until
reaching its basal level in September and then
remained static throughout the rest of the experi-
mental period.
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Effect of short daylength (8L:16D)
Short daylength completely showed no effect

(Fig. 1) on body weight (nonsignificant, F-ratio
1.664, df 40, 9) or ovarian growth (nonsignificant,
F-ratio 0.545, df 40, 9) in blackheaded buntings.
The plasma estradiol level was undetectable dur-
ing this period.

Relationship between long day, continuous
light, and short day illumination

Results indicate that long day (15L:9D) and con-
tinuous light (24L:0D) have a stimulatory effect
on body weight, ovarian growth, and plasma es-
tradiol level, while short day (8L:16D) is non-
stimulatory. Birds attained their peak in May
during long day and in April during continuous
light. After attainment of peak level the body
weight, ovarian growth, and plasma estradiol level
started decreasing, suggesting that both photope-
riods failed to maintain the elevated levels and
thus gave way to a photorefractory state. On the

other hand, short day has no effect on body weight,
ovarian growth, or plasma estradiol level. When
one compares the long day with continuous-light-
treated birds, it is interesting to note that the
photorefractory state was achieved later in con-
tinuous-light than in long-day-treated birds.

DISCUSSION
The present investigation indicates that female

blackheaded buntings become photorefractory in
response to either long day (15L:9D) or continuous
light (24L:0D) if treated for longer time (more than
two months). The photoperiodic responses of bun-
tings, resemble those of several avian species in
which long photoperiod causes full gonadal devel-
opment followed by regression and onset of photo-
refractoriness. However, the initial response of long-
and continuous-light treatments, where significant
variations in body weight, ovarian growth, and
plasma estradiol were at higher levels, shows con-
sistency with earlier findings. Bernard and Ball (’97)

Fig. 2. Plasma estradiol concentration (pg/ml) in female
blackheaded bunting. The long-day- and continuous-light-
treated groups showed significant variation (P < 0.001) in

plasma estradiol concentration. The plasma estradiol was un-
detectable during short photoperiod. Vertical bar represents
± standard error of mean.
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showed that long day initially leads to increase in
testosterone concentration in European starlings
(Sturnus vulgaris). Long day induced increase in
body weight in white crowned sparrows (Zonotrichia
leucophrys gambelii [Schwabl et al., ’88]); testicu-
lar development in red cross bill (Loxia curvirostra
[Hahn, ’95]); increase in LH secretion in prairie
voles (Moffatt et al., ’95); increase in body weight
in Zebra finches (Taeniopygia guttata [Meijer et al.,
’96]); and elevated testosterone level and testicular
weight in the Indian weaver bird (Tsutsui et al.,
’94). The induction of ovarian growth and increase
in plasma estradiol level of female blackheaded
bunting shows consistency with its male counter-
part in which a high level of testosterone concen-
tration and elevated testicular and body weight
were observed during breeding season, when the
daylength was more than 13 hours (Jain and
Kumar, ’95). Recently it was reported that the long
day caused induction of ovarian mass and testicu-
lar growth in respectively female and male Ameri-
can tree sparrow (Spizella arborea) (see Reinert and
Wilson, ’96; Wilson and Reinert, ’96). Follett et al.
(’92) have shown that the cycles of short photoperi-
ods are not inductive in Japanese quail (Coturnix
coturnix japonica) but can be inductive if the
daylength is increased. Continuous-light-(24L:0D)-
treated birds showed ovarian growth followed by
regression and onset of photorefractoriness, thus
supporting earlier findings from our laboratory on
male and female house sparrows (see Prasad and
Tewary, ’81; Tewary and Ravikumar, ’89) and also
comparing with those of north temperature zone
birds (Hamner, ’68; Schwab, ’71). In contrast, the
continuous illumination suppresses gonadal devel-
opment in the subtropical spotted munia (Lonchura
punctulata [Chandola et al., ’75]). Short days failed
to elicit any response in body weight, ovarian
growth, or plasma estradiol level, thus showing con-
sistency with female house sparrows (Tewary and
Ravikumar, ’89), female common canaries (Follett
et al., ’73), female redheaded buntings (Tewary and
Tripathi, ’83), rosefinches (Tewary and Dixit, ’83),
and male house sparrows (Tewary and Tripathi, ’93).
Our results are not consistent with those of some
temperate zone birds in which continuous dark in-
duced testicular development (Farner et al., ’77),
but it should be pointed out that at the time of
transfer to continuous darkness these birds have
already initiated testicular growth under natu-
ral photoperiod, which suggests that after trans-
fer to continuous dark the gonadotrophic release
persists for a while longer thus enabling an in-
ductive effect.

A higher concentration of estradiol was associ-
ated with increased ovarian growth in blackheaded
bunting. It has been reported that Japanese quail
raised under long photoperiod have a higher con-
centration of estradiol (Brain et al., ’88). The plasma
estradiol level concentration, along with the increase
in ovarian growth in buntings under different light/
dark schedules supports the earlier findings of Brain
et al. (’88). In the present investigation the plasma
estradiol was undetectable during many phases,
which could be expected, given that when the de-
crease in ovarian growth was at its basal level, very
few mature follicles were present, which resulted
in much less secretion of estradiol, hence the
undetectability of plasma estradiol. In white browed
sparrow weaver (Plocepasser mahali) the estradiol
level was detectable only prior to ovulation, while
in the rest of the phase it was undetectable (Wing-
field et al., ’91).

In conclusion, two points stand out from this
study: (1) Female blackheaded buntings become
photorefractory in response to long day and con-
tinuous light illumination. (2) Short daylength
showed no effect on body weight, ovarian growth,
or plasma estradiol level in female blackheaded
buntings even when maintained for a longer time.
It has been well established that short photoperi-
odic treatment is effective in dissipating the re-
fractory period (Kumar and Tewary, ’82; Silverin,
’94). In the present investigation, after termina-
tion of experiments, the birds were treated with
short photoperiods for 8 weeks to dissipate the
refractory period, which caused photosensitivity.
Moreover, these experiments have considerable
implications regarding reproductive physiology of
this species, since the same type of refractoriness
occurs under prolonged photoperiodic treatments
(15L:9D and 24L:0D) as occurs under natural con-
ditions (unpublished data from our laboratory).
The importance of the photorefractory period in
the cyclicity of avian species is well established.
What physiological, hormonal, and neural mecha-
nisms are involved in the initiation, maintenance,
and dissipation of photorefractoriness, however,
is still a question of experimental debate, and fur-
ther study is needed at the neuroendocrine level.
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