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Abstract – Two experiments studied the relative effects on body mass and testicular growth of
stimulatory photoperiods applied simultaneously to two photosensitive species, the house sparrow
(Passer domesticus) and brahminy myna (Sturnus pagodarum). Experiment 1 on the house sparrow
consisted of two parts. In experiment 1A, beginning on 24 March 2002, short day pretreated
sparrows were exposed for 12 weeks to 13L: 11D (13 h light: 11 h darkness), 20L: 4D and NDL
(control). Experiment 1B was similar to 1A except that it used sparrows that were not treated with
short days. This experiment was repeated at three different times in the year. Beginning on
29 December 2002 (for 24 weeks), 26 March 2003 (for 12 weeks) and 16 August 2003 (for 8 weeks),
sparrows captured from the wild and acclimated to captive condition for 1 week were exposed to
13L: 11D and 20L: 4D. Each time, a group was maintained in NDL and served as the control.
Experiment 2 was performed on myna and used an identical protocol. Beginning on 24 March 2002,
myna that were captured from the wild and acclimated to captivity conditions were exposed for
16 weeks to 13L: 11D and 20L: 4D; a group was maintained in NDL and served as the control. There
was photostimulation and subsequent regression of the testes on all day lengths except in the August
group of experiment 1B. The effect on body mass was variable. Interestingly, however, the response
to 20L:4D was relatively smaller as compared to 13L:11D. Taken together, these results confirm
that the two species use photoperiods in control of their reproductive cycle, and tend to indicate that
exposure to unnatural long photoperiods may in fact be unfavorable and could compromise gonadal
growth and development.
body mass / gonads / photoperiod length / Sturnus pagodarum / Passer domesticus

1. INTRODUCTION
Day length (= photoperiod) is used in the
control of the timing of the annual reproductive cycle in almost all bird species living at high latitudes which have been
investigated [1–7]. An initial assumption
was that the photoperiod might not be an

important factor in the regulation of the
annual reproductive cycle of birds living at
low-latitudes because of its smaller amplitude in variation over the year. However,
the role of day length in the control of the
annual reproductive cycle is clearly established in both subtropical and tropical species [8–17].
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However, the photoperiod may not be
singularly responsible for the regulation of
all aspects of avian reproduction. Factors
other than the environmental photoperiod,
called supplementary factors, do influence
photoperiod-induced effects on gonadal
growth and development [18–20]. For example, Visser et al. [21] report that in great tits
(Parus major) warmer temperature leads to
mistiming of reproduction. Additionally,
recent findings suggest that food availability can cause both direct and time-dependent effects on photoperiodic induction of
testicular growth in the black headed
bunting, Emberiza melanocephala [22] and
house sparrow, Passer domesticus [23].
The role of factors that might negatively
influence photoperiodism has not been
examined. One interesting possibility is to
examine if a photoperiodic stimulus, which
serves as a primary cue in the regulation of
avian reproduction, could exert negative
effects if it is applied at an unusual strength.
This has not been investigated. In the
present study, we attempted to address this
by examining the impact of a strong light
stimulus on body mass and gonadal growth
of two birds: the house sparrow (Passer
domesticus) and brahminy myna (Sturnus
pagodarum). Both species are photosensitive and use photoperiod in the regulation
of their gonadal cycle [12, 13, 23, 24]. We
subjected them simultaneously to a long
day length corresponding to what these species experience in the wild and to an unusually long day length that these species
never experience in the wild. It was hypothesized that the latter day length might negatively affect the photoperiodic response in
these birds.
2. MATERIALS AND METHODS
We performed two experiments, one on
the house sparrow (Passer domesticus;
family – Ploceidae) and the other on brahminy myna (Sturnus pagodarum; family –
Sturnidae). They are seasonal with their
reproductive season restricted to the spring

and summer. Whereas sparrows breed in
between March and May [17], the mynas’
breeding season extends from March to
August. The main reproductive periods can
however vary with the population [25]. In
the present study, the birds employed were
caught locally at Meerut (latitude 29° 01’;
longitude 77° 45’ E). At Meerut, seasonal
variations in day length (sunrise to sunset)
occur between 10 h 17 min (as on 22 December, shortest day length) and 14 h 01 min (as
on 21 June, longest day length); this
includes 24–28 min of morning and evening
civil twilight periods. All birds employed in
this study were adult males, which were
acclimatized to captive conditions (NDL)
before being exposed to the experimental
conditions.
2.1. Experiment 1: house sparrow
(Passer domesticus)
This experiment compared the response
of sparrows under 13L: 11D (13 h light:
11 h darkness, a photoperiod which sparrows experience in the wild during later
spring and early summer) with that under
20L: 4D (a photoperiod that sparrows never
experience in the wild, hence unnatural).
Birds held simultaneously under natural
day lengths of 29° N served as the control.
This experiment had two sub-experiments.
In experiment 1A, beginning on 03 March
2002, we exposed three groups of sparrows
(N = 5 or 6 per group) first to 8L: 16D for
3 weeks, and then subjected one group each
to 13L: 11D, 20L: 4D or NDL for 12 weeks.
Experiment 1B differed from experiment
1A in two ways: first it used sparrows that
were acclimatized for 2 weeks in the outdoor aviary, and hence were untreated with
short days prior to the experiment, and secondly the same experiment was repeated at
three times in the year. Beginning on
29 December 2002 (part I), 26 March 2003
(part II) and 16 August 2003 (part III), a
group of birds (N = 6) were subjected each
to 13L: 11D, 20L: 4D and NDL. Part I ran
for 24 weeks, part II for 12 weeks and
part III for 8 weeks.
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2.2. Experiment 2: brahminy myna
(Sturnus pagodarum)
This experiment on brahminy myna was
done to understand if the results from house
sparrows (experiment 1) were of general
significance. Beginning on 24 March 2002,
we exposed myna (N = 5 or 6) that were
caught from the wild and acclimatized for
1 week in the outdoor aviary to 13L: 11D,
20L: 4D and NDL for a period of 16 weeks.
All birds were maintained on uniform
husbandry conditions. The birds were
housed in a group of 5 or 6 in wire-meshed
cages (size = 60 × 45 × 45 cm) placed inside
the light-tight wooden photoperiodic chamber. Food and water were freely available to
all groups. Whereas the sparrows were fed
seeds of Pennisetum and Setaria, mynas
were fed paste of flour from roasted gram.
Artificial lighting was provided by 14 watt
fluorescent tubes (CFL) at an intensity of
~ 500 lux at the perch level. The observations were recorded on changes in body
mass and testis size at the beginning and at
the end of the experiment, and at intervals
during the experiment. Body mass was
measured using a top pan balance to an
accuracy of 0.1 g. The testicular response
was assessed by laparotomy under local
anesthesia [22]. The dimensions of the left
testis were recorded, and testis volume was
calculated from 4/3πab2, where a and b
denote half of the long and short axes,
respectively.
The data are presented as means ± SE.
They were analyzed statistically using 1-way
analysis of variance (ANOVA) with or without repeated measures, as appropriate, followed by a post-hoc Newman-Keuls test, if
ANOVA indicated a significance of difference. The groups were also compared by
2-way ANOVA. A paired t-test was used to
compare before and after treatment means
of the same group. A comparison of two different groups at a single time-point was
done using the Student t-test. Significance
was taken at P < 0.05.

Figure 1. Mean (+ SEM) body mass (a) and testis volume (b) of photosensitive male house
sparrows (n = 6) exposed to 13L: 11D, 20L: 4D
and NDL in the month of March (day length
12.35 h – 14.11 h). Body mass and testis size
were recorded at weekly and 4-weekly intervals, respectively. Asterisks (*) on the symbol
indicates the significance on difference at P < 0.05.

3. RESULTS
3.1. Experiment 1: house sparrow
(Passer domesticus)
The results from experiment 1A are
shown in Figure 1. There was a significant
difference in body mass among the three
groups (F2,195 = 10.96, P < 0.0001, 2-way
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Figure 2. Mean (+ SEM) body mass (a, c, e) and testis volume (b, d, f) of male house sparrows
(n = 6) exposed to 13L: 11D, 20L: 4D and NDL in the months of December (day length 10.40 h –
14.90 h), March (day length 12.35 h – 14.90 h) and August (day length 13.32 h – 11.40 h). Body
mass and testis size were recorded at weekly and 4-weekly intervals, respectively. Asterisks (*) on
the symbol indicates the significance on difference at P < 0.05.

ANOVA). The body mass of birds in NDL
did not vary significantly (F12,60 = 1.300,
P = 0.2428; 1-way RM ANOVA). However, there was a significant variation in
body mass of birds under 13L:11D and
20L:4D (13L:11D: F12,60 = 2.031, P = 0.0367;
and 20L:4D: F12,60 = 2.193, P = 0.0234; 1way RM ANOVA Fig. 1a). The testes were
enlarged in all three groups after 4 weeks
(13L:11D: F3,15 = 35.17, P < 0.0001;
20L:4D: F3,15 = 46.44, P < 0.0001; and
NDL: F3,15 = 76.17, P < 0.0001; 1-way RM
ANOVA Fig. 1b). The birds showed a complete growth regression cycle under
13L:11D and 20L:4D, however, under
NDL they were still growing and there was
no regression until the end of the experiment.

The results (Fig. 2) of experiment 1B
show that mean body mass among the three
groups differed significantly during the
course of the experiment only in December
and August but not in March (December
group; part I: F2,450 = 53.57, P < 0.0001;
August group; part III: F2,135 = 12.28,
P < 0.0001, and March group; part II: F2,195 =
1.095, P = 0.3366, 2-way ANOVA). In general, birds under 20L:4D weighed less than
those under 13L:11D and NDL.
In the December group (part I), the testes
underwent growth and regression under
13L:11D and 20L:4D (13L:11D: F6,36 =
21.17, P < 0.0001; and 20L:4D: F6,36 =
44.22, P < 0.0001; 1-way RM ANOVA).
The birds had fully stimulated testes after
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4 weeks of exposure, however, the testicular
regression was faster in 20L:4D birds as
compared to 13L:11D, (P < 0.05; paired
t-test) and so was the magnitude of response.
On the contrary, the NDL group remained
unstimulated until 8 weeks; there was initiation of response after 12 weeks of exposure and the testes continued growing until
the end of the experiment. At the time of the
experiment, March (part II) birds had
already grown testes, though up to halfmaximum. When they were transferred to
similar photoperiods there was a further
increase in testis volume in 13L:11D and
20L:4D (13L:11D: F3,15 = 49.75, P < 0.0001;
and 20L:4D: F3,15 = 28.60, P < 0.0001;
1-way RM ANOVA) after 4 weeks and subsequently, the testes started regressing after
8 weeks of exposure. The testes regression
in 20L:4D of the March group was faster
than 13L:11D by 12 weeks, similarly to
December birds (P < 0.001; unpaired t-test).
The testes in the NDL group showed growth
of the testes and this was maintained until
the end of the experiment. The testis in
August birds (part III) had already undergone regression at the time of the experiment. Exposure to 20L:4D and NDL led to
further regression, however birds under
13L:11D showed stimulation of the testis
(13L:11D: F2,10 = 26.02, P = 0.0001; and
20L:4D: F2,10 = 38.84, P < 0.0001; NDL:
F2,10 = 11.77, P = 0.0024; 1-way RM
ANOVA).
3.2. Experiment 2: brahminy myna
(Sturnus pagodarum)
The results are shown in Figure 3a. There
was significant variation in body mass of
birds exposed to 13L: 11D (F16,67 = 2.398,
P = 0.01; 1-way RM ANOVA) and 20L: 4D
(F16,67 = 6.112, P < 0.0001; 1-way RM
ANOVA) (Fig. 3a). Under NDL also, a
change in body mass over the experimental
period was close to statistical significance
(F16,67 = 1.833, P = 0.0519; 1-way RM
ANOVA). However, there was no group
difference in body mass of the three groups
(F2,153 = 0.1317, P > 0.05; 2-way ANOVA).
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Figure 3. Mean (+ SEM) body mass (a) and testis volume (b) of male brahminy myna (n = 6)
exposed to 13L: 11D, 20L: 4D and NDL in the
month of March (day length 12.35 h – 14.11 h).
Body mass and testis size were recorded at
weekly and 4-weekly intervals, respectively.
Asterisks (*) on the symbol indicates the significance on difference at P < 0.05.

Testes were stimulated in all groups, but
were significantly smaller in 20L birds
(F2,45 = 100.7, P < 0.0001; 2-way ANOVA).
However, testicular regression in 20L birds
occurred relatively earlier and the regression curve was steeper compared to the
other two groups (cf. Fig. 3b). As with sparrows, 13L: 11D induced significantly larger
(P < 0.001, Student Newman-Keuls test)
testicular response in the birds. In this study
however, the response of birds under NDL
was similar to that under 13L: 11D.
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4. DISCUSSION
Both sparrows and myna underwent testicular growth and regression when
exposed to stimulatory photoperiods in all
the experiments except in part III of experiment 1B in which the testes were stimulated to sub-maximal size (13L group) or
were slightly stimulated (20L and NDL
groups). Since this particular experiment
(part III, experiment 1B) had begun on
16 August, it is likely that birds at this time
had not fully recovered from the photorefractoriness. It is known that sparrows
undergo a period of refractoriness following reproduction during which they are
apparently unresponsive to stimulatory
effects of light [26, 27]. The present results
hence confirm the results from several previous investigations [12, 13, 17, 28–31]
suggesting that the house sparrow and brahminy myna are photoperiodic species. When
exposed to stimulatory photoperiods, they
undergo gonadal growth and regression. In
a recent study on brahminy myna [32], we
have reported that body mass and testes have
a different profile of photoperiodic response
with two different threshold photoperiods for
dissipation of the post-reproductive refractoriness. In the present experiments, however, body mass was not increased as a result
of exposure to stimulatory photoperiods.
There are a number of species that have
been investigated to understand the photoperiodic control of annual reproductive
cycle in birds. A most consistent view that
has emerged from these investigations is
summarized as follows. When exposed to
stimulatory photoperiods, the longer the
photophase, the faster is the testicular
response and the earlier the regression and
onset of photorefractoriness [5, 33, 34]. It
is also suggested that a longer photophase
leads to rapid and greater photoperiodic
induction. In a study on Japanese quail
(Coturnix c. japonica), Follett and Maung
[35] found that the rate of testicular growth
was slower by 50% in birds exposed to
12L:12D compared to 14 or longer light
hours per day; a near full testicular growth

occurred in 13L:11D. This is true of both
male and female birds. There was a rapid
gonadal growth and more rapid onset of
photorefractoriness in both male and female
European starlings, Sturnus vulgaris [36].
Morton et al. [37] showed that a longer photophase led to a more rapid ovarian growth
and more rapid subsequent ovarian decline
in the white-crowned sparrow (Zonotrichia
leucophrys gambelii). In the European starling (Sturnus vulgaris) photoperiodic induction is reported to also be dependent on light
intensity: a long photoperiod applied at a
low light intensity results in photoperiodic
induction comparable to that produced by a
relatively a shorter photoperiod [38]. Our
results are also comparable to those reported
on Indian resident species, viz. the Indian
weaver bird, Ploceus philippinus [9], yellow throated sparrow, Gymnorhis xanthocollis [39] and Common Indian myna,
Acridotheres tristis [40].
However, the observation that was
inconsistent with the above findings was of
more interest. Compared to 13L, 20L
induced more rapid photorefractoriness
(Figs. 2b, 2d, 3b), as one would expect (see
above), but did not lead to more rapid
gonadal growth (cf. Figs. 1–3). Any argument that we missed the peak gonadal
response under 20L:4D if it occurred
between 0 and 4 weeks is weak since
growth and subsequent regression do not
usually occur within 4 weeks in several species investigated [10, 41]. We intend nonetheless to make a comparative study with
greater frequency of observations in future
sets of experiments. In the present study,
however, there was a difference in the photoperiodic induction between two long photoperiods, 13L:11D and 20L:4D. The
response under 13L:11D, which was closer
to what day length sparrows and brahminy
myna experience at this latitude (29° N, 77° E),
was greater than that under 20L:4D that
these birds never experience in the wild. It
could be that the exposure to 20 h light each
day consecutively for several weeks compromises the activity of the hypothalamohypophyseal-gonadal system leading to an
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attenuated response in body mass and testes. It is reported that exposure of continuous light (LL) causes high mortality in
starlings [42]. When a stimulatory photoperiod is applied at high light intensity, the
blackheaded bunting exhibits an attenuated
photoperiodic induction [24]. Is it then that
an unnatural light stimulus could become
stressful? There is evidence that unnatural
situations can lead to chronic and deleterious effects on bird physiology seen on the
suppression of gonadal activities, immune
system, growth and severe protein losses
[43–45]. If the attenuated response under
20L is due to the fact that this is an unnatural
photophase to birds since they are never
exposed to it in their wild condition, this
might help explain the difference usually
found in the photoperiodic strategy between
populations at different latitudes.
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