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Abstract

Photosensitive redheaded buntings were kept at short daylength (SD, 8L/16D) for 7
days. These birds were then exposed to long daylength (LD, 13L/11D) to induce migratory
restlessness i.e. zugunruhe. The experiment was continued till termination of zugunruhe in each
bird. The actogram shows that birds held at short days show activity only during light period
(pre-migratory stage). Upon exposure to long days birds start showing nighttime activity
(zugunruhe). Nighttime activity indicates that birds have attained migratory stage in simulated
photoperiodic conditions. Birds stop their nighttime activity after showing zugunruhe for many
days. The total activity count is highest during migratory stage of buntings. We can say that
with increase in day length the buntings show night time restlessness i.e. zugunruhe and this is
the mark of onset of migration. Because of their night time activity, the total activity count is
high during migration. Buntings store highest amount of body fat in sub-cutaneous adipose
tissue during migratory period. This adipose-stored fat helps the bird to fuel their migratory
flight. Increase in bodily fuel stores prior to long-distance flights is an important metabolic
feature of migratory birds.
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Introduction

Migration is a complex process and composed of successive phases. First, the genetic,
molecular and biochemical mechanisms underlying migration are initiated followed by cycles
of fueling and flight. During fueling migratory birds undergo hyperphagia followed by
fattening that includes lipogenesis in liver, storage in adipose tissue and deposition in flight
muscle for the oxidative functions supporting long-distance flight (Jenni-Eiermann and Jenni,
1992; Jenni and Schaub, 2003; McFarlan et al., 2009; Ramenofsky et al., 2011). Other organs
also may change in size and activity during preparation of migratory flight. Coordination of
internal (e.g., fuel levels) and external (e.g., environmental) cues and behavioral and metabolic
changes help to fuel long-distance flight in migration (Guglielmo, 2010; Jenni-Eiermann et al.,
2011). The fuel types required for migratory flight comprises maximum of lipids and a
minimum of protein. Migrants stop at stopover sites to rest and refuel, after they complete a
long flight. Consecutive cycles of fueling and flight thus continue until the destination is
reached.

Captive birds also show migratory fat deposition, which is a key component of
preparation for migration. This is promoted by hyperphagia and a higher digestibility (Bairlein,
2002). Along with increase in food intake and change in body mass reproductive system also
develops and there are changes in energy expenditure, which is related to migratory locomotor
activity (Dixit et al, 2014). Migratory hyperphagia and fat deposition are photoperiodically
regulated. The photoperiodic control of hyperphagia and fattening shares much in common
with that of seasonal reproduction where photoperiod provides initial predictive information
(Wingfield, 2004).

Following the fueling stage of migration birds depart and their departure is driven by
both endogenous and exogenous information. Exogenous information i.e. environmental cues
(e.g., barometric pressure, rain, wind, temperature etc.) is combined with information
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concerning intrinsic migratory state (e.g., motivation, physiological state, etc.) to affect
departure decisions in many migrants (Jenni and Schaub, 2003; Newton, 2008). Departure
occurs soon after the birds have accumulated sufficient energy stores for the flight and with
favourable environmental or social conditions (Dingle, 1996; Berthold, 2001; Jenni and
Schaub, 2003; Newton, 2008).

Termination of migratory behavior upon arrival at a breeding or over-wintering site
probably involves mechanisms of habitat imprinting, recognition and resource evaluation
(Gwinner and Czeschlik, 1978; Hahn et al., 1995; Ketterson and Nolan, 1990). It is unknown
whether plasma metabolites contribute to the termination of migration, although they may play
a role in the transition between the migratory and reproductive life cycle stages. When birds
terminate migration and begin to breed there is a transitional phase where birds express
characteristics from both migratory and breeding stages alternatively or simultaneously
(Ramenofsky and Wingfield, 2006; Jc, 2008). Long distance migrants show highly flexible
Behavior and physiology during this transition. Long distance migrants base the timing of
migration on highly predictable cues, such as photoperiod, and so arrive at the breeding sites
with little predictive power of when breeding will begin or what conditions they might face.
Migratory birds mainly depend on stored lipid to derive energy required for their flight.

In this study we have investigated some physiological changes of the migratory
redheaded buntings to get a view of their physiological response to different migratory stages
under artificial photoperiodic conditions.

Materials and methods
Model species

The present work was carried out on male redheaded bunting, Emberiza bruniceps, a
small migratory passerine bird in the family Emberizidae. It has a slender and small body size
of about 17-18 cm in length. This bird exhibits sexual dimorphism. The breeding male has
bright yellow underparts, green upperparts and a brownish-red face and breast. The wings and
tail are dark brown in colour and tail coverts are brown. It has a conical bill and a forked tail.
The female and juvenile have paler underparts, a grey-brown back and greyish head. This avian
species is a long-distance migrant with distinct breeding and wintering grounds. It breeds in
central Asia- Afghanistan, Iran, Kazakhstan, Kyrgyzstan, Mongolia; Russian Federation
(European Russia, Central Asian Russia), Tajikistan, Turkmenistan, Uzbekistan. This bird
winters in India and Bangladesh. It covers a distance of about 7,000 km during the migratory
journey.

Adult male redheaded buntings were captured from overwintering flocks in India and
were acclimatized to captive conditions by keeping them in an outdoor aviary for 7 days where
they experienced natural variation of photoperiod, temperature and humidity. These birds were
then brought indoors and exposed to short days (8L/16D) for two months to terminate
photorefractoriness, if they had any in nature, and to make them photosensitive. These
photosensitive birds were used for the present study. Buntings (n=5) were kept singly in activity
cages for the recording and analyses of the activity data (actogram) by using the Chronobiology
Kit (Release Version 1c, © 1998-2004) software programme of the Stanford Software Systems
(Stanford, USA). The activity cages carrying birds were exposed to short daylength (SD,
8L/16D) for 7 days. The intensity of light during light period was 25020 lux and that of dark
period was 0.1 lux throughout the experiment. Birds were provided with ad libitum food and
water. These birds were then exposed to long daylength (LD, 13L/11D) to induce migratory
restlessness i.e. zugunruhe. The experiment was continued till termination of
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zugunruhe in each bird. Observations on food intake, body mass and fat score were recorded

after 7" day of LD (pre-migratory), 7" day of appearance of zugunruhe (migratory) and 7" day
of termination of zugunruhe (post-migratory).

Body mass

Birds were individually weighed on a top pan digital balance to the nearest accuracy of
1.1 g. For this, the bird was placed in a cotton bag, the weight of which was tared to zero. Then
the bird with the cotton bag was weighed.

Fat score

Fat deposition was scored from the furcular, scapular, and abdominal areas in an index of
0-5as described by Boswell, 1991 and outlined below:

0- No subcutaneous fat

1- Light deposits underlying musculature and vasculature easily seen

2- Heavier deposits, underlying musculature and vasculature still visible
3- Fat deposits overlie entire region

4- Area filled with whitish, bulging fat deposits

5- Copious deposits overflowing onto outlying areas

Food intake

Fixed amounts of food in the food cups were provided to birds housed in activity cages.
The difference between the initial and final weight of food gave the amount of food consumed
by a bird. The food intake was measured according to the method described by Jain and Kumar
(1995).

Statistical analysis

All data are presented as mean £ S.E.M. They were analyzed using one- way ANOVA
followed by Newman-Keul’s Multiple range ‘t’ test or Bonferroni post-hoc mean comparison
test, if ANOVA indicated a significance of difference. All statistical analyses were done using
GraphPad Prism software (version 6.0, Sandiego, CA, USA). The significant was taken at the
95% confident level.

Results
Onset of zugunruhe

The actogram (Fig. 1a) showed that birds held at short days showed activity only during
light period (pre-migratory stage). Upon exposure to long days birds started showing nighttime
activity (zugunruhe). Nighttime activity indicted that birds attained migratory stage in
simulated photoperiodic conditions. Birds stopped their nighttime activity after showing
zugunruhe for many days. The total activity count was highest during migratory stage of
buntings (Fig. 1 b).

Body mass, fat score and food intake

The results are presented in the figure 2 (a-c). One-way ANOV A showed no significant
differences in body mass of birds (F214=0.2598, P=0.1167). Buntings showed deposition of
fats during the migratory stage. Deposition of fat was significantly high during migratory stage
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as compared to pr-migratory and post-migratory stages (F2,14=6.00, P=0.0256). Change in food
intake during different migratory stages was not significant (F2,14=10.95, P=0.051).

fE
bt

peEY.

"'""LPre-migratory

I

e

g
i

A O
o O

- -
- r

i

=
o

Total counts x 10%bird/day
w
o

i
i

NN

wal bl 0 T T
Migratory Pre-migratory Migratory Post-migratory
iy 1 .
. e - Post-migratory
| » helibl
I.I. "= [T ™
e R
Rl L | -

Fig. 1: (a) Representative actogram and (b) total activity counts of the redheaded buntings
under simulated migratory conditions.*P<0.05
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Fig. 2: (a) Body mass, (b) fat score and (c) food intake of the redheaded buntings under
simulated migratory conditions. *P<0.05
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Discussion

With increase in day length the buntings showed night time restlessness i.e. zugunruhe
and this is the mark of onset of migration. Because of their night time activity, the total
activity count is high during migration. Birds travel thousands of kilometers between their
breeding areas in summer and overwintering sites. Birds show uninterrupted bouts of flight
for several days during their migration. Buntings stored highest amount of body fat during
migratory period. Migratory birds accumulate large amount of fat stores and they deposit fat
as high as 50-60% of their total body mass during migration. Long distance migratory flights
are fueled by adipose-stored fats (Landys et al., 2005; Guglielmo, 2018). Increase in bodily
fuel stores prior to long-distance flights is an important metabolic feature of migratory birds.
These body stores comprise mainly of lipids and proteins (Lindstorm and Piersma, 1993,
Piersma et al., 1999). Fats, universal storage forms of energy in living organisms, are
derivatives of fatty acids. Major amount of fat is stored in sub-cutaneous adipose tissue
(Berthold, 1993; Maillet and weber, 2006). Fat is also stored in flight muscles (pectoralis),
liver, mesenteries and connective tissue in the abdominal cavity, sometimes enveloping the
intestine (Blem, 1976; Pond, 1978; Maillet and Weber, 2006; Guglielmo, 2018). These stored
fatty acids are transported and oxidized at very high rates in the migratory birds to sustain
flights for many hours or days. Birds rely more on hepatic and muscular lipids during their
short fasting periods (Jenni-Eiermann and Jenni, 1996). Migratory journeys impose
tremendous energy demands and birds rely solely on energy stored in the body. Birds obtain
energy from lipids stored as triglycerides in their adipose tissue to support the migratory
flight. Migratory birds maintain their metabolism using body fat, carbohydrate and protein as
fuels. It has been suggested that migratory songbirds may supplement fatty acids with
triglycerides in plasma to provide more energy to muscles (Jenni-Eiermann and Jenni, 1992).
Protein is stored in large quantity as body structure in living organisms. Proteins from muscles
and digestive organs are used during migratory flights (McWilliams and Karasov, 2001). It is
suggested that catabolism of body protein also occurs in migratory birds (Mori and George,
1978; Robin et al., 1987). Digestive organs, which have greater protein turnover rates than
muscle, catabolize proteins during long flights in migratory birds (Battley et al., 2000;
Bauchinger et al., 2005; Bauchinger and McWilliams, 2009). Catabolism of protein leads to
the reduction of flight muscle size and loss of body mass over a flight (Jenni and Jenni-
Eiermann, 1998; Pennycuick, 1998). This reduction in body mass makes the flight easier for
migratory birds.

References

Bairlein, F. 2002. How to get fat: nutritional mechanisms of seasonal fat accumulation in
migratory songbirds. Sci. Nat. 89: 1-10.

Battley, P. F., Piersma, T., Dietz, M. W., Tang, S., Dekinga, A. and Hulsman, K. 2000.
Empirical evidence for differential organ reductions during trans-oceanic bird flight.
Proc. R. Soc. B. 267: 191-195.

Bauchinger, U. and McWilliams, S. R. 2009. Carbon turnover in tissues of a passerine bird:
allometry, isotopic clocks, and phenotypic flexibility in organ size. Physiol. Biochem.
Zool. 82: 787-797.

Bauchinger, U., Wohlmann, A. and Biebach, H. 2005. Flexible remodeling of organ size during
spring migration of the garden warbler (Sylvia borin). Zool. 108: 97-106.

Berthold, P. 1993. Bird Migration, a General Survey. New York: Oxford University Press.
1715



JOURNAL OF CRITICAL REVIEWS
ISSN- 2394-5125 VOL 07, ISSUE 02, 2020

Berthold, P. 2001. Bird Migration: A General Survey. Oxford University Press, New York

Boswell, T. 1991. The physiology of migratory fattening in the European quail, Coturnix
coturnix. Ph.D. Thesis. Department of Zoology, University of Bristol, U.K.

Dingle, H. 1996. Migration: Biology of Life on the Move. Oxford University Press, New York.

Dixit, A. S., Singh, N. S. and Sougrakpam, R. 2014. A comparative study on photoperiodic
control of seasonal cycles in the females of migratory yellow breasted bunting and the
resident tree sparrow. Photochem. Photobiol. Sci. 13: 1568-1579.

Guglielmo C. G. 2018. Obese super athletes: fat-fueled migration in birds and bats. J. Exp.
Biol. 221: 1-16.

Guglielmo C. G. 2018. Obese super athletes: fat-fueled migration in birds and bats. J. Exp.
Biol. 221: 1-16.

Guglielmo, C. G. 2010. Move that fatty acid: fuel selection and transport in migratory birds
and bats. Integr. Comp. Biol. 50: 336-341.

Gwinner, E. and Czeschlik, D. 1978. On the significance of spring migratory restlessness in
caged birds. Oikos. 364-372.

Hahn, T. P., Wingfield, J. C., Mullen, R. and Deviche, P. J. 1995. Endocrine bases of spatial
and temporal opportunism in Arctic-breeding birds. Am. Zool. 35: 259- 273.

Jain, N. and Kumar, V. 1995. Changes in food intake, body weight, gonads and plasma
concentrations of thyroxine, luteinizing hormone and testosterone in captive buntings
exposed to natural daylengths at 290N. J. Biosci. 20: 417-426

Jc, W. 2008. Organization of vertebrate annual cycles: implications for control mechanisms.
Phil. Trans. R. Soc. B Biol. Sci. 363: 425-441.

Jenni, L. and Jenni-Eiermann, S. 1998. Fuel supply and metabolic constraints in migrating
birds. J. Avian Biol. 29: 521-528.

Jenni, L. and Schaub, M. 2003. Behavioural and physiological reactions to environmental
variation in bird migration: a review. In: Avian Migration. Springer, Berlin, pp. 155-
171.

Jenni-Eiermann, S. and Jenni, L. 1992. High plasma triglyceride levels in small birds during
migratory flight—a new pathway for fuel supply during endurance locomotion at very
high mass-specific metabolic rates. Physiol. Zool. 65:112- 123.

Jenni-Eiermann, S. and Jenni, L. 1992. High plasma triglyceride levels in small birds during
migratory flight—a new pathway for fuel supply during endurance locomotion at very
high mass-specific metabolic rates. Physiol. Zool. 65:112- 123.

Jenni-Eiermann, S. and L. Jenni. 1996. Metabolic differences between the postbreeding,
moulting and migratory periods in feeding and fasting passerine birds. Funct. Ecol. 10:
62-72.

1716



JOURNAL OF CRITICAL REVIEWS
ISSN- 2394-5125 VOL 07, ISSUE 02, 2020

Jenni-Eiermann, S., Jenni, L., Kvist, A., Lindstrom, A. and Piersma, T. 2001. Fuel use and
metabolic response to endurance exercise: a wind tunnel study of a long distance
migrant shorebird. J. Exp. Biol. 205: 2453-2460.

Ketterson, E. and Nolan Jr., V. 1990. Site attachment and site fidelity in migratory birds:
experimental evidence from the field and analogies from neurobiology. In: Bird
Migration. Springer. pp. 117-129.

Landys, M. M., Piersma, T., Guglielmo, C. G., Jukema, J., Ramensofsky, M. and Wingfield, J.
C. 2005. Metabolic profile of long-distance migratory flight and stopover in a shorebird.
Proc. R. Soc. B. 272: 295-302.

Lindstrom, A. and Piersma, T. 1993. Mass changes in migrating birds: the evidence of fat and
protein storage re-examined. Ibis. 135: 70-78.

Maillet, D. and Weber, J. M. 2006. Performance-enhancing role of dietary fatty acids in a long-
distance migrant shorebird, the semipalmated sandpiper. J. Exp. Biol. 209: 2686-2695.

McFarlan, J. T., Bonen, A. and Guglielmo, C. G. 2009. Seasonal up-regulation of protein
mediated fatty acid transporters in flight muscles of migratory white throated sparrows
(Zonotrichia albicollis). J. Exp. Biol. 212: 2934-2940.

McWilliams, S. R. and Karasov, W. H. 2001. Phenotypic flexibility in digestive system
structure and function in migratory birds and its ecological significance. Comp.
Biochem. Physiol. A. 128: 579-593.

Mori, J. G. and George, J. C. 1978. Seasonal changes in serum levels of certain metabolites,
uric acid and calcium in the migratory Canada goose (Branta canadensis interior).
Comp. Biochem. Physiol. B. 59: 263-269.

Newton, 1. 2008. In: The Ecology of Bird Migration. Academic, London.

Pennycuick, C. J. 1998. Computer simulation of fat and muscle burn in long distance bird
migration. J. Theor. Biol. 191: 47-61.

Piersma, T., Gudmundsson, G. A. and Lilliendahl, K. 1999. Rapid changes in the size of
different functional organ and muscle groups during refueling in a long-distance
migrating bird. Physiol. Biochem. Zool. 72: 405-415.

Ramenofsky, M. 2011. Hormones in migration and reproductive cycles of birds. In: Hormones
and Reproduction in Vertebrates. Eds. D. Norris and K. H. Lopez, Academic Press. pp.
205-236.

Ramenofsky, M. and Wingfield, J. C. 2006. Behavioral and physiological conflicts in migrants:
the transition between migration and breeding. J. Ornithol. 147: 135 -145.

Robin, J. P., Cherel, Y., Girard, H., Geloen, A. and Le Maho, Y. 1987. Uric acid and urea in
relation to protein catabolism in long-term fasting geese. J. Comp. Physiol. B. 157: 491-
499.

Wingfield, J. C. 2004. Allostatic load and life cycles: implications for neuroendocrine control
mechanisms. Allostasis, Homeostasis and the Costs of Physiological Adaptation, 302-
342.

1717



