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Effects of hand-rearing on physiology and anatomy
in the grey partridge

Ahti Putaala & Raimo Hissa

Putaala, A. & Hissa R. 1995: Effects of hand-rearing on physiology and anatomy in
the grey partridge. - Wildl. BioI. 1: 27-31

Artificia l rearing may result in changes in the physiology and anatomy of gallinaceous
birds. This may partially explain the poor survival of released birds. To study the ef
fects of hand-rearin g on grey partridges Perdix perdix, we measured the anatomical
and physiological characteristics of 14 wild and 15 hand-reared partridges. Captive
partridges were heavier, had relatively larger breast muscles but relatively lighter hearts
and livers than wild birds. Wild birds had longer small intestines, longer caeca and rel
atively heavier gizzards than hand-reared birds. They also had higher glycogen con
tent and cytochrome-c oxidase activity in the pectoral muscles, indicating their better
flying endurance compared to hand-reared birds. The results suggest that captivity re
sults in altered anatomical and physiological characteri stics, and hand-reared par
tridges may therefore be poorly predisposed for an abrupt release into the wild.
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Rearing birds for release is a traditional gamebird man
agement technique. Hundreds of thousands of grey par
tridges are annually released in Europe, and rearing for
release accounts for a large proportion of the expenses
used in partridge management (Potts 1986). However, ev
idence of a sustained contribution to the wild stock by re
leased birds has remained limited. Predators are usually
considered to be the main reason for the poor survival and
breeding success of released partridges (Birkan 197 1, Pa
nek 1988). Abnormal behaviour has been suggested to
make released birds vulnerable to predation (Paludan
1963, Panek 1988, Dowell 1990, Putaala & Hissa 1993).
In addition, hand-reared birds may differ both physiolo
gically and anatomically from wild birds, and may thus
be less suited for optimal foraging and escaping from
predators in the wild . Large numbers of healthy-looking
partridges can be raised in captivity, but it is probably dif
ficult to produce birds that are physiologically adapted to
living in the wild. Artifi cial rearin g of birds in captivity
has earlier been demonstrated to affect intestinal tract
morph ology both in some Phasianidae (Maje wska et al.
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1979, Paganin & Meneguz 1992) and Tetraonidae spe
cies (Moss 1972, Pendergast & Boag 1973, Hanssen
1979a). Evidence that reared gallinaceou s birds may al
so differ from wild birds in regard to the relative weight
of muscles and organs has been given (Hissa et al. 1990,
Fehlberg et al. 1992).

The objective of this study was to determine the effec ts
of hand-rearing on grey partridge physiology and anato
my and compare similar results obtained from wild birds.

Methods
Fifteen hand-reared, ju venile (9 month s old), male par
tridges (7 birds in 1992 and 8 birds in 1993) were collect
ed in early April from the University Zoo in Oulu, Fin
land . The birds were derived from wild stock in Tyrnava
(64°S0' N, 2So3TE), near the city of Oulu , Finland, and
had been reared for 1-2 generations in captivity . The birds
were housed in 20 m2 outdoor pens (12- IS birds per pen)
and fed a commercial chicken food mixture (17% protein,
7.S% fat, S.S% fibre ), grain seeds ad libitum and provid-
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ed with water or snow. Fourteen wild male partridges (11
juvenile and 3 adult) were collected in Tyrnava between
27 March and 1 April 1992 (6 birds) and between 21 and
30 March 1993 (8 birds). The birds were caught with
walk-in traps using hand-reared females as decoys . Be
fore being used in our study, the captured birds were
weighed and transported to the Zoo and kept for 0-12 days
in pens similar to those of the hand-reared birds. During
captivity the wild birds were maintained on a diet similar
to that of hand-reared partridges . Food was removed one
day before the dissection.

We weighed each bird to the nearest gram and killed
them by decapitation. Tissue samples for biochemical
analyses were collected immediately after decapitation.
We dissected muscle samples from pectoral muscles
(musculus pectoralis major and musculus supracoracoi
deus) and the leg muscle (musculus iliotibialis) from the
left side of the body. We also took samples from the heart
and the liver. All tissue samples were rapidly frozen in
liquid nitrogen after removal, weighed to the nearest
0.001 g, and stored at _40°C until further processing. The
heart was severed from its major veins, split to clean out
the blood and weighed . The liver was also dissected and
weighed.

Pectoral and leg muscles were dissected from the right
side of the body and non-muscle tissues were carefully
removed . These muscles were weighed to the nearest 0.01
g. The length of the small intestines and caeca was mea-

sured to the nearest 0.5 ern after cutting the mesenteries
and straightening the gut. The emptied gizzards were
weighed without the inner cuticle.

Tissue water, neutral fat and ash contents were mea
sured using the method described by Hissa et aI. (1990).
Glycogen content of muscles and livers was assayed us
ing the method described by Lo et aI. (1970) . Activity of
cytochrorne-c oxidase , the terminal enzyme in the mito
chondrial respiratory chain, was chosen to represent the
oxidative tissue capacity . Cytochrome-c oxidase activity
was determined in mitochondrial fractions using the
method of Rafael et aI. (1970), as modified by Saarela et
aI. (1989). Mitochondria were separated, and mitochon
drial protein content was analysed using the method de
scribed by Rafael et aI. (1970).

Statistical analysis of the data was carried out using
SPSS statistical software . We used Student's t-test (two
tailed) or Mann-Whitney U-test, when appropriate, to
compare data from the two years. Data from the different
years were pooled when no differences existed between
the years. We compared the pooled values of hand-reared
and wild partridges with the Student's t-test (two-tailed) .
However, the four percentages of tissue composition (fat,
protein, water and ash) were first transformed to three log
ratios, log(fat/ash), log(proteinlash) and log(water/ash),
and then tested with MANOVA to compare tissue com
position between the years and between the wild and
hand-reared birds (see Aitchison 1986).

Table I. Morphological and anatomical parameters and relative composition of organs (% of body weight) for wild (n = 14) and captive,
hand-reared (n = 15) male grey partridges .

Wild Captive

mean SE mean SE P

Body weight (g) 353 6.3 383 7.0 3.13 0.004

Pectoral muscles

Musculus pectoralis major (g) a) 32.8 0.99 37.5 0.99 3.31 0.003

(%) a) 9.3 0.15 9.8 0.24 1.82 0.079

Musculus supracoracoideus (g) a) 11.5 0.37 13.7 0.27 4.83 0.000

(%) a) 3.3 0.07 3.6 0.07 3.57 0.001

Leg muscles (g) a) 25.6 0.66 27.1 0.59 1.66 0.109

Leg muscles (%) a) 7.2 0.09 7.1 0.16 0.85 0.403

Heart (g) 3.3 0.11 3.1 0.09 1.02 0.142

Heart (%) 0.9 0.02 0.8 0.02 3.54 0.001

Liver (g) 7.0 0.45 6.0 0.21 2.19 0.037

Liver (%) 2.0 0.13 1.6 0.05 3.16 0.004

Gizzard (g) 11.4 0.47 9.2 0.29 3.97 0.000

Gizzard (%) 3.2 0.12 2.4 0.08 5.43 0.000

Small intestine length (em) 62.1 1.15 56.6 1.06 3.57 0.001

Combined caeca l length (em) 30.0 1.15 26.2 0.59 3.05 0.005

a) Dexter muscle only
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Table 2. Composition and glycoge n content of tissues in wild (n =14, except for glycogen n =13) and captive (n =15) male grey partridges.
The values are expressed as means ± S.E. For statistical comparison the 4 percentages of composition were transformed to three log ratios,
and differences between wild and captive birds were tested by MANOYA. Comparisons of glycogen content between wild and captive birds
were performed with logaritmically transformed values by t-test; * P =0.05, ** P =0.0 1, *** P =0.001.

Tissue
Origin Fat (%) Protein (%) Water (%) Ash(%) Glycogen (mg/g)

Pectoral muscle (musculu s pectoralis major)

Wild 2.1 ± 0.34 24.5 ± 0.43 72.1 ± 0.47 1.3 ± 0.05 } 4.2 ± 1.47}
ns. ***Captive 2.1 ± 0.46 25.9 ± 0.51 70.7 ± 0.41 1.3 ± 0.04 07.± 0.12

Leg mu scle (musculu s iliotibialis)

Wild 1.4 ± 0.38 23.2 ± 0.36 74.1 ± 0.50 1.3 ± 0.05 } 2.6 ± 1.01 }
ns. **Captive 1.7 ± 0.34 23.0 ± 0.32 74.0 ± 0. 16 1.4 ± 0.02 0.8 ± 0.25

Liver

Wild 8.2 ± 1.50 20.1 ± 1.34 70.5 ± 2.29 1.3 ± 0.11 } 28.7 ± 7.65 }
*** ***Captive 6.2 ± 0.70 25.8 ± 0.55 66.4 ± 0.58 1.5 ± 0.05 3.2 ± 0.93

Results

Table 3. Cytochrome-c oxidase activity of mitochondrial fraction
(COXmito, U/mg mitochondrial protein) and the mitochondrial pro
tein content (mg/g) in the pectoral muscle and liver of wild (n = 13)
and captive (n = IS) grey partridges.

Pectoral mu scle, major

COXmito 1.5 0.20 0.8 0.14 2.88 0.008

proteins 4.9 0.59 4.1 0.59 0.86 0.399

Liver

COXmito 0.9 0.08 1.0 0.05 0.89 0.381

proteins 28.1 2.67 30.2 2.13 0.64 0.529

The tests performed to compare data between the diffe
rent years did not reveal any significant differences and
the data of the different years were pooled. Compared to
wild partridges, captive birds were heavier (t=3.13,
P=0.004) and had relatively heavier pectoral muscles
(pectoralis major: t=1.82, P=0.079 , supraco racoideus:
t=3.57, P=O.OOI) (Table I). Conversely, the wild par
tridges had relatively heavier hearts (t=3.54, P=O.OOI),
livers (t=3.16, P=0.004) and gizzards (t=5.43, P<O.OOI )
than the hand-reared birds. The relative weight of the leg
muscles was almost the same in both groups (t=0.85,
P=0.403). The wild birds had longer small intestines
(t=3.57, P=O.OOI) and caeca (t=3.05, P=0.005) than the
captive birds.

The composition of the muscles was not significantly
different (pectoralis major: F=1.81, P=O.I72, musculus
iliotibialis: F=1.79 , P=0.176) ,.but the composition of the

Discussion
Dahlgren (1987) gives evidence which shows that the vig
ilance behaviour, not the size of the male, is the predom
inant selection criterion of females in the grey partridge.
As we captured the wild birds at the normal pairing time
of the grey partridge, the method used is not expected to
bias the data by selecting birds in a poor fit. The greater
body weight of the captive birds compared with the wild
birds is probably a consequence of higher-quality food
and less exercise in captivity. Robertson et al. (1991) al
so suggested that hand-rearing increases the body weight
of pheasants Phasianus colchicus. However, Fehlberg et
al. (1992) showed that hand-reared pheasants had lighter
breast muscles than wild birds. Conversely, the leg mus
cles of the hand-reared pheasants were much heavier.
However, we did not find any evidence of atrophy in the
breast muscles or hypertroph y in the leg muscles of the
hand-reared partridges, when compared with the wild
partridges. Our results are in accordance with the results
of Majewska et al. (1979) on pheasants. Hissa et al. (1990)
did not find any atrophy of breast muscles in captive ca
percaillie Tetrao urogallus either. However, as demon
strated by Fehlberg et al. (1992), the growing of muscles

Iiver differed significantly between the wild and the hand
reared birds (F=12.54, P<O.OOI , Table 2). The wild birds
had more glycogen in all the examined tissues. Activity
of cytochrome-c oxidase enzyme was higher (t=2.88,
P=0.008) in the pectoral muscle of the wild birds than in
the pectoral muscle of the hand-reared individuals. The
cytochrome-c oxidase activity in the liver did not differ
between the wild and the hand-reared birds (t=0.89,
P=0.381, Table 3).

P

Captive birds

mean SE

Wild birds

mean SETissue
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in hand-reared birds may vary widely depending on the
density of the individuals and their opportunity to exer
cise in captivi ty.

The higher cytochrome-c oxidase activit y in the breast
muscles of wild partridg es may indicate that their flying
endurance is better than that of hand-reared birds. Fur
thermore, higher glycogen reserves in the muscles and
livers of the wild birds, as also shown in pheasants (Ma
jewska et al. 1979), might be beneficial when escaping
from predators, as glycogen is the primary energy source
during take-off and the initial phase of flight (Parke r &
George 1975). Thus, low glycogen reserves together with
the low oxidative capacit y of the pectoral muscles and
high body mass could seriously threaten the survival of
released birds. Our unpubli shed results concerning the
flying ability of wild and hand-reared partridges support
the view that wild partridges indeed are better fliers than
hand-reared birds.

Artifi cial feeding has been documented to shorten the
intestinal tract in red grouse Lagopus lagopus scoticus
(Moss 1972), spruce grouse Dendragapus obscurus (Pen
derga st & Boag 1973), willow grouse Lagopus lagopus
lagopus (Hanssen 1979a) and rock partridge Alectoris
graeca (Paganin & Meneguz 1992). The differences in
the size of the gizzard and the length of the small intes
tine and caeca between wild and hand-reared birds sug
gest differences in food digestion efficiency and assimi
lation. The gizzard plays an import ant role in grindin g
food items with the help of abrasi ve grits. A larger giz
zard may indicate a more effecti ve grinding process in
wild partridges compared to hand-reared birds. It appears
that the gastrointestinal tract of a wild partrid ge is adapt
ed to proce ss harder food, in larger amounts, than the gut
of a hand-reared partridge. Wild birds need high food
consumption capacity when foraging on a diet which is
more fibrous and less digestible than the food offered in
captivity. The observed differences in the weight and
composition of the liver between wild and hand-reared
partridges are probabl y also attributable to different diets.

The microfauna ofthe gut may also differ between wild
and hand-reared birds (see Hanssen 1979b). The adapta
tion of the morphology and microorganisms of the gas
trointestinal tract to a new diet may take up to 3-4 month s
(Redig 1989). Therefore it appears to be most important
that birds reared for relea se have been accustomed to nat
ural food during capt ivity. The capability of efficient for
aging behaviour and survival ability of a released bird is
dependent on the utili sation efficiency of wild diet. This,
in turn, presupposes that the gastrointe stinal tract is well
adapted to utilise a natural diet (Thomas 1987).

Our results suggest that after release, hand-reared par
tridges may have difficulties in utilising natural food and
escaping from predators. We suggest that partridges
should be properly trained for release by feeding them
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natural food items and keeping them in large pens for at
least I-2 months before release . By these means it may
be possible to improve their ability to escape from pred
ators and to use a natural diet. For future work, more re
search is needed on refinements in rearing techniques that
would improve both behavioural and physiological per
formance s of released birds. The validity of the refine
ments should be tested in the field.

Acknowledgements - We thank Dr Simon D. Dowell and two anon
ymous referees for reading the manuscript and providing construc
tive comments. Thi s study was supported by the grants of the Foun
dation for Research of Natural Resources in Finland and the Finn
ish Ministry of Agriculture and Forestry. We would like to thank
Mrs. M-L. Martimo , Mrs. K Penttila, Mr. S. Simila and Mrs. A. Ter
vonen for the laboratory assays.

References
Aitchison, J. 1986: The statistical analysis of compositional data. 

Chapman and Hall, London , 416 pp.
Birkan, M. 1971: Reussite des lachers de perdix grise (Perdix per

dix) et de perdi x rouge (Alectoris rufa) d 'elevage. - Bulletin
Special du Conseil Superieur de la Chasse 15: 44-56. (In French
with English summary)

Dahlgren , J. 1987: Partridges activity, growth rate and survival: De
pendence on insect abundance. - Unpubli shed Ph.D. thesis, Lund,
Sweden, 93 pp.

Dowell, S. D. 1990: A comparison of the behaviour and survival of
released hand-reared and wild grey partridges in Britain. - In: D.
A. Hill, P. J. Garson & D. Jenkins (eds.) ; Pheasants in Asia. World
Pheasant Association, Reading, UK, pp. 167-172 .

Fehlberg, U. H. W., Schulze, J. E. & Pohlm yer, K. 1992 : The influ
ence of different pen-rearing methods on the condition and con
stitution of pheasants (Phasianus colch icus L.). - In: S. Csanyi &
J. Ernhaft (eds.); Proceedings of the XXth International Congress
of Game Biologists, Hungary 1991, pp. 271-27 6.

Hanssen, I. 1979a: Micromorph ological studies on the small intes
tine and caeca in wild and captive willow grouse (Lagopus lago
pus lagopus). - Acta Veterinaria Scandinavi ca 20: 35 1-364.

Hanssen, I. 1979b: A comp arison of the microbiol ogical conditi ons
in the small intestine and caeca of wild and captive willow grouse
(Lago pus lagopus lagopus). - Acta Veterinaria Scandinavica 20:
365-37 1.

':lissa, R., Rintamaki , H.,Virtanen, P., Linden , H. & Vihko, V. 1990:
Energy reserves of the Capercaillie (Tetrao urogallus) in Finland .
- Comparative Biochemi stry and Physiology 97A: 345-351.

Lo, S., Russel , J. C. & Taylor, A. W. 1970: Determin ation of glyco
gen in small tissue samples. - Journal of Appl ied Physiology 28:
234-238.

Majewska, B., Pielowski, Z., Serwatka, S. & Szott M. 1979: Gene
tische und adaptive Eigenschaften des Zuchtmaterials zum Aus
setzen von Fasanen. - Zeitschrift fur Jagdwis senschaft 25: 212
226.

Moss, R. 1972: Effects of captivity on gut lengths in red grouse. 
Journal of Wildlife Management 36: 99-104.

Paganin , M. & Meneguz, P. G. 1992: Gut length of wild and reared
rock partridges (Alectoris graeca) : its role in release success. - Gi
bier Faune Sauvage 9: 709-715 .

WILDLI FE BIOLO G Y · I : 1 (995)

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 07 Jun 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Paludan, K. 1963: Partridge markings in Denm ark. - Danish Review
of Game Biology 4: 25-60 .

Panek. M. 1988: Study on introduction of aviary-reared partrid ges.
- In: Polish Huntin g Assoc iation (ed.); Proceedings of Common
Partridge (Perdix perdix) International Symposium . Poland 1985,
pp. 2 17-224.

Parker, G. H. & George. J. C. 1975: Effec ts of short and long term
exercise on intracellular glycogen and fat in pigeon pectoralis. 
Japanese Journal of Physio logy 25: 175-184.

Pendergast, B. A. & Boag, D. A. 1973: Seasonal changes in the inter
nal anatomy of spruce grouse in Alberta. - Auk 90: 307-3 17.

Potts. G. R. 1986: The partri dge , pesticides, predation and conser
vation. - William Collins Sons & Co. London, 274 pp.

Putaala, A. & Hissa. R. 1993: Mortality and reprod uction of wild
and hand-reared grey partridge in Tyrnava, Finland. - Suomen
Riista 39: 4 1-52.

WILD LIFE BIOLOGY · ) : ) ( 199 5 )

Rafael, J.• Husch, M., Stratmann D. & Hohorst, H.-J. 1970: Mito
chondrien am braunem und weissem Fettgewe be: Struktur. En
zymprofi l und oxydative Phosphorylierung. - Hoppe-Seylers
Ze itschrift fur Phys iologische Chemie 35 1: 15 13-1523.

Redig P. T. 1989: The avian caeca : obligate combustion chambers
or facultative afte rburners? - The conditioning influence of diet.
- Journal of Experime ntal Zoo logy, Supplement 3: 66-69.

Robertson, P.. Zhang. Z.-W.. Fehlberg, U. & Schul ze, J. 1991: Fac
to rs affecting the flying ability of hand-reared pheasants. - The
Game Conservancy Annual Review 22: 108-110 .

Saarela, S., Hissa R., Pyornil a. A.• Harjula, R.. Ojanen, M. & Orell ,
M. 1989: Do birds posses brow n adipose tissue? - Comparative
Biochemistry and Physiology 92A : 2 19-228.

Thomas, V. G. 1987: Nutritional, morphological , and behav ioural
considerations for rearing birds for release. - Journ al fur Ornitho
logie 128: 423 -430.

31

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 07 Jun 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 07 Jun 2025
Terms of Use: https://complete.bioone.org/terms-of-use


