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Abstract – We investigated the effects of food availability on the seasonal testicular growth in the
photoperiodic house sparrow (Passer domesticus). Two experiments were performed, each lasting
4 weeks. In experiment 1, sparrows were exposed to natural (NDL; group 1), short (8L:16D; group 2)
and long (16L:8D; groups 3–5) day lengths with access to food ad libitum (groups 1–3) or for 10 h
(zeitgeber time (zt) 0–10, group 4; zt 0 is the time of light onset) or for 8 h (zt 8–16, group 5). Testes
recrudesced under long, but not short and natural, day lengths, and the recrudescence under long
days was influenced by the duration of food availability. In experiment 2, the sparrows were exposed
to short (8L:16D, group 1) and long (16L:8D, groups 2–5) day lengths with access to food ad libitum
(for groups 1and 2) or for 6 h (for groups 3–5) at different times during the 16 h light period (group 3-
zt 0–6, group 4- zt 5–11, group 5- zt 10–16). As the expected, the testes recrudesced only under long
lengths, but the photoinduction was variable among the 4 groups. The testes grew to full size in
groups 2 and 3 that received food either ad libitum or for 6 h at zt 0–6, but to sub-maximal size in
the groups that received 6 h food either at zt 5–11 (group 4) or at zt 10–16 (group 5). Altogether,
these results support the idea that the photoperiodic regulation of reproduction in a seasonally
breeding species is influenced both by the duration and the time of food availability.
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1. INTRODUCTION

Day length regulates reproduction in
many birds [1–4]. In the majority of bird
species, which have been investigated,
long day lengths are photostimulatory,
short day lengths are ineffective, and a
period of post-reproductive refractoriness
develops in birds that were photostimu-
lated for a longer period of time [3, 5–8].
An endogenous photoperiodic clock,
which is circadian in nature, mediates the
inductive effects of day length [3, 4, 9].

The clock appears to have a non-photoin-
ducible phase, beginning at the time of
light onset, and a photoinducible phase,
beginning approximately after 11–12 h of
the day in most species (see [10]). Light at
the beginning of the day entrains the pho-
toperiodic clock, and when the light period
is long enough to extend into the photoin-
ducible phase, photoperiodic induction
occurs [1, 4, 11]. The results from several
species of birds are consistent with this
model of photoperiodic induction called
the external coincidence model [6, 12–15].
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The photoperiodic clock is also phasically
sensitive to the intensity and spectrum of
light of the environment (for review see
[16]). 

However, additional factors, called the
supplementary factors (e.g. rain fall, food
availability, temperature cycles), of the
environment could also be critical in the
fine-tuning of the actual onset of breeding
[17]. The role of these supplementary fac-
tors has not been adequately addressed
although strong indications emanate from
some studies that food can be an important
supplementary factor. In fact, in recent
years, the role of food in the regulation of
the circadian activity rhythms has been
clearly recognized [2]. The fact that rela-
tively little attention has been paid to the
idea that food may be important in pho-
toperiodic regulation of seasonal reproduc-
tion could perhaps have stemmed from a
few early studies that were negative. For
example, Dawson [18] found no effect of
food restriction on the photoinduction of
testicular development in the European
starling (Sturnus vulgaris). But, Hahn [19]
showed that a close integration between
light and food cues was critical in the tim-
ing of the testicular cycle of the red-cross
bill, Loxia curvirosta. A very clear effect
of food availability has now been shown in
a recent study on the migratory blackheaded
bunting (Emberiza melanocephala). Kumar
et al. [20] showed that both the duration
and the time of food availability modulated
the photoperiodic induction of body fatten-
ing and subsequent weight gain, and testic-
ular growth in the migratory blackheaded
buntings. Because the blackheaded bunting
is a migratory species, with breeding grounds
located at ~ 40° N [21], a study on resident
species will be important in determining
whether the role of food availability in the
photoperiodic induction can be general-
ized. Therefore, we investigated the role of
food availability in the photoperiodic induc-
tion of testicular growth of house sparrows
(Passer domesticus) for the following rea-
sons. Firstly, this species is cosmopolitan
in distribution, and the role of the photope-

riod in the regulation of testis growth is
known for the temperate population of
sparrows [22, 23]. Secondly, food cycles
(periodic access to food) can synchronize
the house sparrow’s circadian activity
rhythms [24] suggesting a role of food as a
timing cue. In this study, we specifically
determined whether a reduction in the
duration and/or change in the timing of
food supply will influence the photoperi-
odic induction of testis growth of house
sparrows subjected to stimulatory long day
lengths. 

2. MATERIALS AND METHODS

Adult male house sparrows (Passer
domesticus) were procured locally (~ 29° N)
in November 2002. They were then accli-
matized to laboratory conditions for about
2 weeks. The experiments began on the 1st
of December 2002. 

2.1. Experiment 1

This experiment examined the effects of
the duration of food supply on testicular
growth using 5 groups (groups 1–5; n = 8)
of birds. Group 1 was kept under natural
day lengths (NDL) at 29° N, group 2 was
exposed to a short day length (8 h of light:
16 h of darkness, 8L:16D), and the remain-
ing 3 groups (groups 3–5) were exposed to
a long day length (16L:8D). Whereas the
birds of groups 1–3 were fed ad libitum
(these birds had unrestricted access to food
all 24 h, 24 h), the birds of group 4 were fed
for 10 h during light period (zt 0–10; zeit-
geber times 0 refers to the time of the
beginning of the lights-on period), and of
group 5 for only 8 h. The duration of food
availability of group 5 was equal to that of
birds under short day lengths (8L:16D
since sparrows feed primarily during light
hours – our unpublished observations), but
the timing of food availability was differ-
ent; it was available in the second half of
the 16 h light period (zt 8–16) so that the
beginning of access to the food and light
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periods did not coincide so that we could
discern the relative effects of two zeitge-
bers (food and LD cycles).

2.2. Experiment 2

This experiment determined the effects
of the timing of food availability on the pho-
toperiodic induction of testicular growth.
Again, we had 5 groups (groups 1–5; n = 8)
of birds in the experiment. Group 1 was
exposed to 8L:16D, and the remaining
4 groups (groups 2–5) were exposed to
16L:8D. The birds in groups 1 and 2 were
fed ad libitum. The birds in the groups 3–5
were fed for only 6 h, but at different times.
Group 3 had food from zt 0–6, group 4 from
zt 5–11, and group 5 from zt 10–16.

The birds caged in groups of 4 wire-
mesh cages (size – 45 × 30 × 30 cm) were
placed in the photoperiodic box (size – 75 ×
70 × 60 cm); two cages were thus in one
box. The birds under NDL were also housed
similarly and kept in a room that received
unrestricted environmental light and air
from large windows. Food was a mixture of
seeds of Pennisetum and Setaria. Sparrows
survive well and remain healthy for a long
period of time on this food (our unpublished
observations). Water was available all the
time to all groups. Artificial light was pro-
vided by 14 watt fluorescent tubes (CFL) at
an intensity of ~ 500 lux at the perch level,
and the timing of light and dark was regu-
lated by an automatic Mueller electronic
timer.

The observations of body mass and tes-
ticular size were recorded at the beginning
and at the end of the 4-week experiment.
Body mass was recorded using a top pan
balance to an accuracy of 0.1 g. The testic-
ular growth was recorded by laparotomy
performed under local anaesthesia as per
procedure described by Kumar et al.
[20]. Briefly, a small incision was made
between the last two ribs on the left flank,
and the left testis was located within the
abdominal cavity with the help of a spat-
ula. The dimensions of the left testis were

recorded and testis volume was calculated
from 4/3 π ab2, where a and b denote half
of the long and short axis, respectively.

Data are presented as mean ± S.E.M. We
have excluded the data on the body mass
from the results and figures since there was
no significant effect on body mass in any
of the treatments. Mean values from the
same group obtained before and after the
treatment were compared by the student
paired t-test. We used one way analysis of
variance (ANOVA) when we compared
the effects of different groups. The data
from a few birds that died in one of the
groups (see figure legends) during the course
of the study were completely excluded. 

3. RESULTS

3.1. Experiment 1. The effects 
of the duration of food availability

Figure 1 shows the results. The testes
were enlarged in all groups exposed to
long days, but not in those exposed to short
days and NDL. However, the magnitude of
testis growth differed among different
groups under long days, and this difference
clearly reflected on the duration of food
availability. The birds that were fed ad libi-
tum (group 3) had fully enlarged testes, but
the birds that were fed for only 10 (group 4)
and 8 (group 5) h had significantly smaller
testes (F = 11.32, P = 0.0006; One-way
ANOVA). The testes of the birds in group
4 were, however, larger than those of the
birds in group 5 (cf. Fig 1). 

3.2. Experiment 2. The effects 
of the time of food availability

As expected, the testes were photostim-
ulated in all three groups under long day
length, but remained regressed in birds
under short day length (Fig. 2). However,
the magnitude of testis response was dif-
ferent among different photostimulated
groups (F = 6.615, P = 0.0028; one way
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ANOVA). The testes grew to full size in
birds (group 2) that received food ad libi-
tum. Although the testes were slightly
smaller in group 3 birds, which had 6 h
food in the morning, the mean testis vol-

ume was not statistically different from
that of the birds in group 2. But, testis
recrudescence was compromised to almost
50% in the birds (group 4) that received

Figure 1: Results from experiment 1 (the values
are means ± S.E.M.). Groups of house sparrows
(n = 8 per group) were exposed to NDL
(group 1), short day lengths (8L:16D, group 2)
and long day lengths (16L:8D, groups 3–5) for
4 weeks and received food ad libitum (groups 1–
3) or for 10 h (zeitgeber time (zt) 0–10, group 4;
zt 0 is light onset) or 8 h (zt 10–16, group 5).
* Indicates a significant difference (P < 0.05)
from day 0 values (student t-test); a indicates a
significant difference compared to the long day
ad libitum group at the end of the experiment.
Three birds of group 4 died, and data from them
is excluded. 

Figure 2: Results from experiment 2 (the
values are means ± S.E.M.). Groups of house
sparrows (n = 8 per group) were exposed to
short day lengths (8L:16D, group 1) and long
day lengths (16L:8D, groups 2–5) for 4 weeks
and received food ad libitum (groups 1 and 2)
or for 6 h (groups 3–5; group 3- zt 0–6, group 4-
zt 6–11, group 5- zt 10–16). * Indicates a
significant difference (P < 0.05) from day 0
values (student t-test); a indicates a significant
difference compared to the long day ad libitum
group at the end of the experiment. 
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food in the middle of the day (zt 5–11), and
to almost 75% in birds that received food at
the end of the day (zt 10–16). 

4. DISCUSSION

Clearly, photoperiodic induction of tes-
tis growth in house sparrows at this latitude
is influenced by food availability. Both the
duration and the time of food availability
has a direct effect on the magnitude of tes-
tis growth. For example, testis growth was
attenuated, compared to those birds that
received food ad libitum, by about 40% in
birds receiving food for 10 h and about
70% in birds receiving food for 8 h (exper-
iment 1, Fig. 1). This suggests that a shorter
duration of food availability (e.g. of 8–
10 h) is insufficient to maintain the costs of
physiological events like gametogenesis
induced by long day lengths. However, the
results from experiment 2 do not entirely
support this argument, in which birds with
food access for 6 h in the morning had tes-
tis recrudescence not significantly differ-
ent than birds that were given food ad
libitum. But, if the time of food was varied
from the morning to noon (6 h in the mid-
dle of the day, zt 5–11) or to the evening
(6 h late in the day, zt 10–16), testis growth
was attenuated by almost 50 to 75%.

Our results do not suggest the possible
mechanism of how does the reduction in
food supply influence the photoperiodic
induction of testis growth in the house spar-
row. However, we can offer some explana-
tions. The simplest explanation is that food
deprivation reduces the energy required to
meet the physiological costs. Less energy is
available to meet the reproductive costs in
birds with food-deprivation periods; the
longer the period of pre-feeding starvation,
the greater is the magnitude of the effect.
This is supported by the results of both
experiments. In experiment 1, the sparrows
with 8 h pre-feeding and no post-feeding
deprivation compromised their testicular
growth by almost 50%. Similarly, in exper-

iment 2, the sparrows of group 5 with the
longest pre-feeding (10 h) and no post-
feeding food-deprivation period had atten-
uated their testicular growth by almost
75%. Group 4 sparrows with a 5 h pre-
feeding and post-feeding food-deprivation
period showed only a small reduction in
testicular growth. Group 3 sparrows, how-
ever, with no pre-feeding and the longest
post-feeding (10 h) food-deprivation had
larger testes. The other explanation can be
offered on the basis of results from experi-
ment 2, in which a 6 h food supply induced
time-dependent effects. The presence of
food at the beginning of the day is clearly
favourable for a full testicular response.
The time-of-day effects of food on testis
growth may suggest that food influences
endogenous circadian clock regulating
reproduction, as with the circadian locomo-
tor clock of temperate house sparrows [24].
However, these results might also suggest
that the effect of food on the photoperiodic
clock is not the same as that of light. Tes-
ticular growth in sparrows was compro-
mised when food was absent at the beginning
of the day. So, the presence of food at the
beginning of the day appears to be critical.
This was also concluded from the experi-
ments on blackheaded buntings. Kumar
et al. [20] have categorically demonstrated
the effects of duration and time of food
availability on the photoinduction of body
fattening and subsequent gain in body mass
and testis recrudescence in buntings, and
the effects were dependent whether or not
food was present at the beginning of the
day. The importance of food at the begin-
ning of the day can also explain why Euro-
pean starlings did not show any effect of
food restriction [18], since food in all food-
restriction regimes was available in the
morning. It is puzzling, however, that one
of our results did not conform to any of
the above explanations. We found that in
experiment 1, birds of group 4 which were
given food for 10 h from zt 0–10, and had
access to food at the beginning of the day,
in fact had smaller testes (Fig. 1), but still
they were not significantly different from
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those receiving the other equivalent food-
restriction regimes in experiment 2 (the
one which had 6 h food in the morning).
The only explanation for this inconsistent
response that we have is that 3 of the 8 birds
died during the experiment, and so the
mean testis volume of this group was for
5 birds against 8 birds in the other groups. 

A close integration between light and
food cues in the timing of gonads appears
to be adaptive, as suggested from studies on
the regulation of the annual testicular cycle
of an opportunistic breeder, the red-cross
bill Loxia curvirosta [19]. It is conceivable
that there exists an endogenous circadian
rhythm of feeding (CRFE), similar to that
of the circadian rhythm of photosensitivity
(CRPP). CRPP is assumed to mediate pho-
toperiodic induction of gonadal growth in a
number of passerine birds [2, 5, 7–9, 25]. In
the synchronized state, the onsets of CRFE
and CRPP coincide and, hence, feeding
occurs at the time when it is most needed to
support the physiological events. In ad libi-
tum food supply conditions, the synchrony
between light and food cues is never lost.
But, in situations such as in experiment 2,
the synchrony between the light and food
cues is lost and, as a result, the initiation of
physiological responses is affected. In the
present study as well as those of Kumar
et al. [20] on buntings, the photoinduction
was compromised when food was present
in the evening for 5 or 6 h, although the
availability of food later at this time of day
did coincide with the photoinducible phase
of the photoperiodic clock (see introduc-
tion). Could the phase-sensitivity of the
photoperiodic clock for food be different
than for light? This needs to be investigated.

In conclusion, the present findings sup-
port the idea that the photoperiodism in a
seasonally breeding species is affected by
food availability. Food can have both,
direct and temporal (clock) effects. Direct
effects are caused because of the non-
availability of extra energy from restricted
feeding to meet the physiological costs.
Temporal effects are induced because of

the asynchrony between light and food
cues. A close phase relationship between
light and food cues in timing the photope-
riod-induced physiological events may
clearly have adaptive implications.
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