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ORIGINAL ARTICLES

Feeding of hand-reared grey partridge Perdix perdix chicks - 
importance of invertebrates

Tuija Liukkonen-Anttila, Ahti Putaala & Raimo Hissa

Liukkonen-Anttila, T., Putaala, A. & Hissa, R. 2002: Feeding of hand-reared 
grey partridge Perdix perdix chicks - importance of invertebrates. - Wildl. Biol. 
8 : 11-19.

Survival of hand-reared gamebirds is reported to be poor after release into the 
wild. One reason for the high mortality is assumed to be nutritional maladap­
tation of hand-reared birds to natural foods. In captivity, birds are usually fed 
commercial poultry foods, which are originally meant for chickens. We car­
ried out a feeding trial to examine the importance of invertebrates and animal 
protein on the growth and development of temperature regulation in grey par­
tridge Perdix perdix chicks. Three diet groups were established: invertebrate-­
rich, low-invertebrate, and fish groups. Invertebrate food consisted of fly 
(Calliphora) larvae and ant (Formicoidea) pupae, and the fish diet of fresh ven­
dace Coregonus albula and smelt Osmerus eperlanus. Each diet group was pro­
vided with ad libitum plant food. Chicks were weighed every third day, their 
primaries were measured, and their cooling rate at 0°C was recorded. Chicks 
fed an invertebrate-rich diet were heavier than the other chicks, and their pri­
maries developed earlier than the other chicks’ feathers. Chicks fed a low-inver­
tebrate or a fish diet cooled faster than chicks fed an invertebrate-rich diet. A 
wild brood was captured and 7-day-old wild chicks were examined as a ref­
erence group for the captive chicks. Results obtained from these chicks are in 
agreement with the results obtained from the chicks fed an invertebrate-rich 
diet. In conclusion, invertebrates are not replaceable by a fish diet like the one 
used in our study during the growth period of hand-reared grey partridges. 
Invertebrates should be included in the diet of hand-reared grey partridge 
chicks during their first weeks of life.
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Hand-rearing and releasing of gamebirds have become 
very popular in the struggle to strengthen natural pop­
ulations. However, most releasing programmes have 
failed, because the birds died soon after the release 
into the wild (Panek 1988, Schroth 1991, Putaala & Hissa 
1998). Several galliform species, when hand-reared, dif­
fer from their w ild counterparts in many m orphologi­
cal and physiological aspects (Moss 1972, Putaala & 
H issa 1995, L iukkonen-A nttila, Saartoala & H issa 
2000). These differences may at least partly be explained 
by the commercial poultry foods used in hand-rearing. 
These foods are usually manufactured for chickens. 
They are based on a variety of cereals and a source of 
animal protein (fish/meat-powder), are high-digestible, 
and have a relatively low fibre and a high protein con­
tent. A lthough adult grey partridges Perdix perdix feed 
mainly on plant food, chicks feed almost entirely on 
invertebrates during their first 2-3 weeks of life (Green 
1984, Potts 1986, Panek 1992), and switch to a plant diet 
only gradually (Dahlgren 1987, It&auml;mies, Putaala, Pirinen 
& Hissa 1996).

Commercial poultry foods are relatively cheap and 
easy to serve for a large flock of hand-reared birds. 
However, galliform birds fed with these low-fibre food­
stuffs have shorter intestines and lighter gizzards than 
wild birds (Moss 1972, Putaala & Hissa 1995, Liukko­
nen-Anttila et al. 2000). The gut m orphology m ay af­
fect the quality o f hand-reared birds and their survival 
if they are reared for release into the wild. However, col­
lecting large amounts o f natural food, such as inverte­
brates for chicks, is tim e-consum ing and may be pro­
hibitively expensive.

In this study we exam ined the im pact o f inverte­
brates and animal protein on growth and development 
o f temperature regulation of grey partridge chicks. The 
control o f body temperature of newly hatched chicks is 
poorly developed, partly because the plumage and insu­
lation are incompletely developed (Hissa, Saarela, Rintam&auml;ki

, Lind&eacute;n & Hohtola 1983, Marjoniemi, Hohtola, 
Putaala & Hissa 1995). As chicks grow, their ability to 
produce heat and their insulation improve (Spiers, M c­
Nabb & M cNabb 1974, Ricklefs 1979, M arjoniemi et 
al. 1995).

We also wanted to study whether the animal protein 
from invertebrates could be replaced by easily served and 
relatively cheap fish meals for captive-reared chicks. 
Further, we studied the effects o f fish meals on growth, 
development of temperature regulation, and develop­
m ent o f wing primaries. Fish protein is rich in cys­
teine and m ethionine com pared with invertebrates or 
green plant material (Anon. 1970). These amino acids 
are essential for the growth of the plumage (Bagliacca,

Chiarcossi & Mori 1985). A preliminary report has been 
presented elsewhere (Liukkonen, Putaala & Hissa 1996).

Material and methods 

Birds
Grey partridges, captive for several generations, were 
housed in outdoor aviaries at the Zoological Gardens, 
University of Oulu, Finland. Eggs collected from 22 pairs 
were artificially incubated. A ir temperature in the incu­
bator was set at 37.8°C and relative humidity (RH) at 
55-60%. Two days before the estimated hatching, the 
RH was raised to 80%. On the hatching day chicks were 
moved to open wooden boxes of 1 m 2  with 10 chicks 
in each box (it is not possible to rear grey partridge chicks 
in individual cages). The boxes were placed under a 250 
W  lamp hanging 70 cm above the floor. The housing con­
ditions (light, temperature, humidity) were sim ilar for 
each box. At the age of three weeks the chicks were trans­
ferred to outdoor aviaries o f 20 m 2.

In addition to hand-reared chicks one wild brood of 
known hatch date was captured for comparison with cap­
tive-bred birds. W ild radio-tagged m ale and female 
birds, with a brood o f twelve chicks were captured 
from their roosting site at Tym&auml;v&auml; (64°50'N, 25°37'E) 
using the m ethod described by Kenward, Robertson, 
Coates, Marcstr&ouml;m & Karlbom (1993). These birds 
were housed indoors as described for hand-reared chicks. 
Parents were kept in a separate box next to the chicks. 
The chicks and their parents were kept for two days, and 
after measurem ents o f body mass, primary length and 
cooling rate at the age o f seven days they were released 
back into the wild.

Feeding experiments
Hand-reared grey partridge chicks were randomly allo­
cated to one o f three diet groups, and individually 
m arked with colour rings. The 20 chicks used in each 
group were fed an invertebrate-rich diet, a low-inver­
tebrate diet, or a fish diet. Siblings may have ended up 
in the same diet group.

Chicks were fed three tim es a day: 08:30-09:30, 
14:00-15:00 and 20:00-21:00. Invertebrate food consisted 
of larvae of Calliphora (Diptera), ant (Formicoidea) 
pupae and a variety of insects found in the plant m ate­
rial provided. Food was divided onto several plates to 
avoid com petition between chicks. The fish diet con­
sisted o f fresh, fine-chopped smelt Osmerus eperlanus 
and vendace Coregonus albula. The quantities of inver­
tebrates and fish supplied are given in Table 1. The 
am ount o f invertebrates given to chicks at the age of
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Table 1. Amounts o f invertebrates and fish (in g fresh weight) sup­
plied to each of the three diet groups of grey partridge chicks at the 
age o f 1-14 and 14-21 days.

ature of the chicks was continuously monitored at 0°C 
as in M arjoniemi et al. (1995). It was recorded for 20 
minutes or until it had dropped to +25°C in 1-day-old 
chicks, to +30°C in 7- and 11-day-old chicks, to +33°C 
in 15-day-old chicks and to + 35°C in 18-day-old 
chicks. A t the age o f 21 days the body temperature 
was expected to remain above +35°C for 20 minutes in 
every chick. The cooling rate o f wild chicks was exam­
ined at the age of seven days.

1-14 days was based on Dahlgren (1987). To determine 
the am ount o f invertebrates that chicks should be giv­
en at the age o f 14-21 days, we weighed the food left 
by chicks on the plates between feedings 1-14 days old, 
and estimated the adequate amount based on this. Plant 
m aterial was given ad libitum, and it consisted o f fresh 
green leaves and flowers of Stellaria media, Polygonum  
sp., Rum ex acetosa, R. acetosella, R. longifolia and 
Chenopodium album , as well as seeds of Galeopsis 
sp., Fallopia convolvulus, Polygonum  sp. and C. album. 
Each diet group had ad libitum  access to water and grit. 
During the first week the chicks were provided with 
Terramycin (Pfizer) in the water against m icrobial dis­
eases, and at the age of seven days charcoal powder was 
added to the food to prevent diarrhea. Wild chicks were 
fed plant material, and commercial chicken food (Poikas- 
Herkku, Raisio, Finland) which contained 19% crude­
protein, 6.1% crude-fibre and 5.1% crude-fat. From 
the age of 2 1  days, all chicks were fed the same diet, 
consisting of plant material, com mercial chicken food 
and grains o f oats Avena sativa.

Measurements
All chicks were weighed every third day (to the near­
est 0 . 1  gram) before the m orning feeding until the age 
o f 28 days, and again at the age of 56 days (eight 
weeks) and 91 days (13 weeks). The chicks used in the 
cooling rate m easurem ents, were also weighed on the 
morning of the experiment day as were the wild chicks.

Prim ary growth and cooling rate of seven randomly 
chosen (but the same throughout the trial) chicks from 
each diet group were measured. Primaries of the left wing 
were measured every third day (to the nearest 0.1 mm) 
according to the method described by Zwickel & Lance 
(1966), with the wing not flattened. The last m easure­
ments were carried out at the ages o f eight and 13 
weeks. Primary feather 1 (P I) is the innermost (closest 
to the body) and P10 the outermost of the primaries. Pri­
mary lengths of wild chicks were examined at the age 
of seven days.

The cooling rate of chicks was m easured at the ages 
o f 1, 7, 11, 15, 18 and 21 days, and the body tem per­

Statisticai analysis
Statistical analysis was conducted using the statistical 
software package SPSS 8.0. Body mass of chicks in sep­
arate boxes at the hatching day was tested with one-way 
ANOVA. Body m ass during the feeding trial (1-21 
days) was tested using a repeated-measures analysis of 
variance (ANOVAR). The set of measurements in each 
rearing box was the w ithin-subject factor, and diet 
group was the between-subject factor. Firstly, ANOVAR 
reveals whether the response (the form of the curve) in 
the set of measurements is similar in each treatment. Sec­
ondly, ANOVAR gives a straight answer to the question, 
whether the treatment had an impact on the individuals 
o f separate groups. Tukey’s test (P < 0.05) was used for 
paired comparisons. Days 24-28 were excluded from the 
statistical analysis, because the chicks were fed the 
same diet from the age of 21 days. Differences in body 
mass at the age of eight and 13 weeks were analysed 
using one-way ANOVA, followed by Tukey’s test.

Differences in the length of the primaries and the cool­
ing rate during the feeding trial ( 1-21 days) between diet 
groups were analysed using the ANOVAR, again with

Figure 1. Mean body mass (g ±  SE) of hand-reared grey partridge chicks 
fed three different diets. On the x-axis, 0 = hatching day. For each group 
of chicks, N = 20. The vertical line indicates the end of the feeding tri­
al.
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Table 2. Mean body mass (g ± SE) o f the grey partridge chicks in each o f the diet groups at hatching and at the age of 1, 8 and 13 weeks. 
At hatching and at the age o f 8 and 13 weeks: N = 20 in each diet group; at the age of one week: N = 7 in each diet group; in the wild chicks 
N = 12.

the set o f m easurem ents in each rearing box as the 
within-subject factor, and diet group as the between-sub­
ject factor. Paired com parisons were conducted using 
Tukey’s test. Primary measurements at the age of 24 and 
28 days w ere excluded because the developm ental 
stages of primaries varied greatly between diet groups. 
Prim ary lengths at the age of eight and 13 weeks were 
tested using one-way ANOVA, followed by Tukey’s test. 
W ild chicks were excluded from the statistical analy­
ses.

Results 

Body mass
The mean body mass of newly hatched chicks was 9.2 ± 
0.1 g (Fig. 1, Table 2). There was no statistical differ­
ence between chicks in different boxes (F5, 54 = 0.186, 
P = 0.966).

The body mass increased differently in chicks from 
different diet groups (F14, 21 = 12.830, P <  0.001; see Fig. 
1), and the diet had an impact on body mass (F2, 3 = 
54.447, P = 0.004). Chicks fed an invertebrate-rich 
diet were significantly heavier than chicks fed a low-

Table 3. Mean lengths o f the primaries P1-P10 (mm ± SE) o f grey partridge chicks according to diet group and age in days (7-91). Empty 
cells indicate that the feathers were not comparable due to different developmental stages, and 0 indicates that the feathers were not yet grow­
ing.
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Table 4. P-values of Tukey’s test following ANOVAR for comparison of primary (P1-P8) lengths of grey partridge chicks belonging to the 
diet groups: 1 = invertebrate-rich; 2 = low-invertebrate; 3 = fish.

invertebrate diet, from the age o f three days until the age 
of 21 days (P = 0.001-0.037), and significantly heavier 
than chicks fed a fish diet, from the age o f six days until 
the age o f 18 days (P = 0.001-0.039). The difference 
between chicks fed a low-invertebrate and a fish diet 
was significant at the age of three days (P = 0.046), and 
almost significant at the age o f 18 days (P = 0.054). Oth­
erwise, no difference was found in body mass between

chicks fed a low-invertebrate and a fish diet (P = 0.098-­
0.682).

At the age of one week wild chicks had a similar body 
mass to chicks fed an invertebrate-rich or fish diet (see 
Table 2). A t the age of eight weeks chicks still differed 
from each other in body mass (F2, 57 = 3.595, P = 0.034; 
see Table 2). Chicks fed an invertebrate-rich diet were 
heavier than chicks fed a fish diet (P = 0.039). Chicks 
fed a low-invertebrate diet did not differ from those fed 

an invertebrate-rich (P = 0.106) nor 
from those fed a fish (P = 0.920) diet. 
A t the age of 13 weeks the body mass 
of chicks was similar in each group 
(F2, 57 = 1.338, P = 0.270).

Primary development
The developm ent of prim aries was 
different in the different diet groups 
(F 10, 15 = 3.468-231.027, P = 0.001-­
0.015). During the feeding trial the 
diet had a clear impact on the growth 
of the primaries P1-P8 (F2, 3 = 95.472- 
1805.149, P < 0.001 - P = 0.002). 
Data on primary lengths are given in 
Table 3 and test statistics o f paired 
com parisons in Table 4. W ild chicks 
seemed to have longer primaries than 
hand-reared chicks of any of the diet 
groups at the age of seven days. P9 
and P10 primaries were not m easur­
able during the feeding trial.

Chicks fed an invertebrate-rich diet 
had fully developed primaries earli­
er than the chicks of the other diet 
groups. Chicks fed an invertebrate-rich

Figure 2. Cooling rates of hand-reared grey partridge chicks fed three different diets at the 
ages of 1,7, 11, 15, 18, 21 days and for 7-day-old wild chicks at an ambient temperature of 
0°C. For each group N = 7.
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diet had at least five, and chicks fed a low-invertebrate 
or a fish diet three com pletely developed juvenile 
primary feathers at the age o f 28 days. At the age of eight 
weeks chicks fed different diets did not differ from 
each other neither in the length of P9 (F2, 5 = 0.731, P = 
0.551) nor in the length o f P10 (F2, 5 = 7.582, P = 
0.076). All chicks had a fully developed P10 at the age 
o f 13 weeks, and at this age the length of P10 did not 
differ (F2, 5 = 1.340, P = 0.384) for chicks fed different 
diets.

Cooling rate
The ch icks’ responses to cooling varied during the 
feeding trial. At the ages of one (F4, 6 = 2.114, P = 0.197; 
Fig. 2) and 15 days (F 16, 24 = 0.997, P = 0.490) the re­
sponse was sim ilar in each group. At the ages o f sev­
en (F4, 6 = 10.928, P =  0.006), 11 (F 10, 15 = 4.413, P = 
0.005), 18 (F28, 42 = 5.193, P < 0.001) and 21 days 
(F 2 8 , 4 2  = 11.149, P <  0.001) the chicks responded dif­
ferently.

During the first day chicks did not differ from  each 
other in cooling rate (F2, 3 = 0.935, P = 0.483). However, 
diet had an impact on the cooling rate at the ages of sev­
en and 11 days (F2, 3 = 183.581, P = 0.001 and F2, 3 = 
25.843, P = 0.013, respectively). Chicks fed an inver­
tebrate-rich diet had a low er cooling rate than chicks 
fed a low-invertebrate (P = 0.002-0.024) or a fish (P = 
0.002-0.008) diet. The difference between chicks fed 
a low-insect or a fish diet was not significant (P = 
0.056-0.966). The cooling rate o f wild chicks was sim­
ilar to that o f the chicks fed an invertebrate-rich diet (see 
Fig. 2). Diet had no im pact on the cooling rate at the 
age of 15 days (F2, 3 = 0.975, P = 0.472), but the chicks 
fed an invertebrate-rich diet could stay longer in the 
experiment.

At the age o f 18 days the cooling rate differed between 
diet groups (F2, 3 = 9.713, P = 0.049). The cooling rate 
in chicks fed an invertebrate-rich diet varied greatly (see 
Fig. 2). It did not differ from  the cooling rate o f chicks 
fed a low-invertebrate diet (P = 0.080-0.999), except for 
three minutes at the beginning of the experim ent (P = 
0.015-0.028). There was no difference between chicks 
fed an invertebrate-rich and a fish diet in the cooling rate 
(P = 0.071 -0.682), except at the end of the experiment 
when the body temperature of chicks fed an invertebrate-­
rich diet increased (P = 0.025). Chicks fed a low-inver­
tebrate diet had a similar cooling rate to chicks fed a fish 
diet (P = 0.092 - 0.254).

At the age of 21 days the cooling rate was influ­
enced by the diet (F2, 3 = 9.901, P = 0.048). Chicks fed 
an invertebrate-rich diet could keep their body tem ­
perature relatively stable (see Fig. 2). Chicks fed an inver­

tebrate-rich diet had a similar cooling rate to chicks fed 
a low-invertebrate (P = 0.059 - 0.997) or a fish diet (P = 
0.068-0.964). Only in the last minutes of the experiment 
did chicks fed a low-invertebrate or a fish diet cool faster 
than chicks fed an invertebrate-rich diet (P = 0.002- 
0.034). Furtherm ore, the initial body temperature of 
chicks fed a fish diet was lower than that o f chicks fed 
a low-invertebrate diet (P = 0.013).

Discussion

Body mass and growth of grey partridge chicks
Our results on the influence of invertebrates on the 
growth of grey partridge chicks are in agreement with 
Potts (1986) and Dahlgren (1987), who suggested that 
the growth o f grey partridge chicks is clearly facilitat­
ed by invertebrate food, as the chicks fed an invertebrate- 
rich diet grew faster than other chicks. In our experiment, 
chicks fed a fish diet tended to be heavier than chicks 
fed a low-invertebrate diet, but the difference was not 
significant, and wild 1-week-old chicks had a similar 
body mass to chicks fed an invertebrate-rich diet.

Although all the birds were fed a commercial diet from 
the age of 2 1  days and onwards, the chicks fed an in­
vertebrate-rich diet were still heavier at the age o f eight 
weeks. The body mass o f chicks fed a low-inverte­
brate diet and a fish diet increased relatively quickly af­
ter changing to the com mercial diet. At the age o f 13 
weeks chicks from different diet groups did not differ 
anymore from each other in body mass. The high-digest- 
ible energy-rich com mercial poultry food may have 
enabled this rate of growth. According to Dahlgren 
(1987) grey partridge chicks fed a low-insect diet until 
the age of 63 days are lighter than chicks fed an insect-­
rich diet even in the next breeding season. Grey partridge 
chicks do not grow as fast on grains and weed seeds as 
on invertebrate food, not even when protein-rich clo­
ver Trifolium  sp. is added to the diet (Potts 1986). On 
low-insect diet the chicks are more vulnerable to the 
effects of pesticides (Dahlgren 1987). Sage grouse Cen- 
trocercus urophasianus chicks survive without insect 
food at the age of three weeks, but their growth rate is 
lower than in chicks fed insects (Johnson & Boyce 
1990).

Grey partridge chicks fed a low-invertebrate or a 
fish diet in the current study were lighter than grey 
partridge chicks fed com mercial foods (M arjoniemi et 
al. 1995). Moss, Watson, Parr, Trenholm & M arquiss 
(1993) also noticed that red grouse Lagopus lagopus sco- 
ticus chicks fed commercial poultry food grew faster than 
wild chicks. Survival of heavy chicks is assumed to be
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better than that o f lighter chicks. Heavier wild chicks 
reach their flying ability earlier - approximately at the 
age o f 10 days - than lighter chicks (Potts 1986), which 
facilitates their survival. However, high adult body 
mass of hand-reared birds resulting from the com m er­
cial poultry food has negative effects on the flying 
ability (Putaala, Oksa, Rintam&auml;ki & Hissa 1997). In our 
study, birds fed an invertebrate-rich diet started to make 
attempts to fly some days before other chicks, typical­
ly at the age o f 10 days (T. Liukkonen-Anttila, A. Pu­
taala & R. Hissa, unpubl. data), and all chicks could fly 
at the age of 14 days. It is also noteworthy that the chicks 
fed an invertebrate-rich diet rested most o f the time, 
whereas the chicks fed a low-invertebrate diet seemed 
to search for food all day long, although their access to 
plant food was unlimited.

Development of the primaries
Wild 7-day-old chicks seemed to have longer primaries 
than hand-reared chicks. The w ell-balanced natural 
invertebrate diet probably facilitated the growth of pri­
maries and flight ability. An invertebrate-rich diet also 
facilitated both the growth (length) and the development 
(moulting schedule) o f primaries in comparison to low-­
invertebrate or fish diet. A t the ages of 24 and 28 days 
the moulting stage differed noticeable between groups. 
Chicks fed an invertebrate-rich diet had post-juvenile 
feathers growing, most probably due to their high-pro­
tein diet. Chicks fed a low-invertebrate diet moulted their 
P 1 primaries later than chicks fed an invertebrate-rich 
diet. And finally, in chicks fed a fish diet P 1 was fully 
developed markedly later than in chicks belonging to 
the other diet groups. It has also been shown that dur­
ing the first five weeks o f life, food with a high protein 
content affected the plumage developm ent in the ring­
necked pheasant Phasianus colchicus; for instance the 
development o f tail feathers was enhanced (Woodard, 
Vohra & Snyder 1977).

At the age of four weeks grey partridge chicks grow 
fast and they start to moult their juvenile wing feathers 
for post-juvenile feathers. The daily combined require­
ment for methionine and cysteine is 0,6% per kilo food 
in pheasants and quails Coturnix coturnix (National 
Research Council 1984). Poor appetite and/or slow/poor 
growth are symptoms of amino acid or protein deficien­
cy under which growth o f feathers may be disturbed and 
the primaries may be ragged instead of normally flat 
(National Research Council 1984). In our study, the 
bursting o f feathers from the sheath was abnormal in the 
chicks fed a fish diet, i.e. the offscaling of the sheath was 
delayed.

According to M cCabe & Hawkins (1946) the juve­

nile P 1 primary feather in the grey partridge is replaced 
at the age o f ca 3.5 weeks. Our results from  chicks fed 
an invertebrate-rich diet are in agreement with this. In 
the fish-fed group replacement o f the primaries started 
at ca four weeks of age and even later in the group fed 
an low-invertebrate diet. O f the birds fed an invertebrate- 
rich diet a few had changed their P2s before they were 
four weeks old. In the wild, moulting probably happens 
faster than in captivity (McCabe & Hawkins 1946). The 
primaries of all the birds used in our study were equal­
ly developed when the chicks reached the age of 13 
weeks. Compensatory growth enabled the chicks fed a 
low-invertebrate or a fish diet to 'catch up' with the chicks 
fed an invertebrate-rich diet when they started to feed 
on the com mercial poultry food. Again, this may have 
been a result o f the high protein content o f these foods.

Diet group differences in cooling rate
Newly hatched grey partridge chicks are not able to 
maintain a constant body temperature and their level of 
body temperature may be several degrees (°C) lower than 
in adult birds, which is typical for all galliform chicks 
(Spiers et al. 1974, Aulie 1976b, Myhre & Steen 1979, 
Hissa et al. 1983, Jurkschat, Burmeister & Nichelmann 
1989, Gdowska, G&ocute;recki & Weiner 1993). However, the 
behavioural temperature regulation is well developed in 
precocial chicks. The developm ent o f physiological 
temperature regulation in growing chicks is linked to the 
increase in body mass and development o f plumage as 
well as improved capacity for heat production (Spiers 
et al. 1974). In newly hatched precocial galliform chicks, 
the heat production occurs primarily in leg muscles 
(W hittow & Tazawa 1991). However, pectoral m us­
cles grow fast and take part in heat production in the form 
of shivering at the age of a few days (Aulie 1976a). Mar­
joniemi et al. (1995) reported shivering in 5-day-old grey 
partridge chicks. In our study shivering was obvious at 
the age o f seven days and was noticed when we held the 
chicks in our hands after the experiment.

The chicks were not fed during their first day, because 
they could rely on the nutrient reserves of the yolk 
sack. As expected, no difference was seen in the cool­
ing rate at this age. At the age of seven days the cool­
ing rate o f wild chicks and chicks fed an invertebrate- 
rich diet was similar, which probably resulted from 
their developmental stage due to versatile animal pro­
teins in their foods. A lso the slower cooling of the 
chicks an fed invertebrate-rich diet at the ages of 1 1 , 18 
and 21 days was a result o f the heavier body m ass and 
better insulation. M ost probably this was the case also 
in the 15-day-old chicks, as the chicks fed an inverte­
brate-rich diet were able to keep their body temperature
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above the critical level longer than the other chicks. The 
inadequate protein quality o f the food may have result­
ed in a poor temperature regulation ability in chicks fed 
a low-invertebrate and a fish diet. As shown, chicks fed 
a fish diet had the weakest ability for tem perature reg­
ulation.

Nutrient requirements of growing chicks
According to Hermes, Woodard, Vohra & Snyder (1984) 
the diet o f the red-legged partridge Alectoris rufa does 
not have to include animal protein, if  sufficient quanti­
ties o f minerals and vitamins are included. This result 
was obtained in a feeding trial with birds fed either 
plant food or a combined plant-fish diet (fish content 5%). 
However, from insects chicks get protein, phosphorous 
and B 12-vitamin (Savory 1974), which are essential for 
growth. Methionine and cysteine concentrations are, in 
general, higher in invertebrates and fish proteins than in 
plant proteins (Anon. 1970). The amount o f these amino 
acids in different foods affects the amount o f food that 
chicks have to ingest to m eet their amino acid require­
ments, and to achieve normal growth rate. Methionine 
and cysteine affect the development o f the plumage 
(Bagliacca et al. 1985, Potts 1986). The feather proteins 
need more cysteine to develop than other tissues (Murphy 
& King 1982, Murphy, King, Taruscio & Geupel 1990). 
The amount of cysteine may also affect the quality o f the 
feathers, i.e. how much rubbing or twisting they can tol­
erate (Murphy & King 1982).

Is a fish diet suitable for feeding of hand-reared 
grey partridge chicks?
Among the chicks fed a fish diet in our study feather-­
picking occurred at the age of three weeks. The term 'can­
nibalism ' is widely used to describe this behaviour, 
although it literally  m eans k illing  and eating con-­
specifics. It is possible that the diet somehow triggered 
this behaviour (Anon. 1994) since we did not notice this 
behaviour in the two other diet groups.

Fish contains a high level o f important proteins and 
a wide variety of amino acids which are essential for 
growth. Although the protein content, as well as the con­
tents of methionine and cysteine in these proteins, are 
higher in fish than in insect or plant proteins, the dis­
parities in amino acid compositions make it impossible 
to replace the invertebrate-proteins with fish protein. In 
addition, fish meals may not have been palatable, as the 
chicks did not eat all the fish available.

In the light o f our study it appears that invertebrates 
are not replaceable by fish - at least not the fish used in 
our study - in the diet o f growing hand-reared grey 
partridges. Body m ass gain was low, cooling rate was

high and primary growth poor in fish-fed chicks. How­
ever, com m ercial poultry foods are easy to use and 
well-balanced in nutrients. Chicks grow fast on com ­
mercial diets, but these foods may affect the gut dis­
advantageously. Adaptation of the gastro-intestinal tract 
to use high-digestible low-fibre com mercial food may 
take several weeks, even months, and cause problems 
in the utilisation of natural foods after the release into 
the wild. Therefore, it would be beneficial to feed the 
grey partridge chicks a diet supplemented with inver­
tebrates during their first weeks of life.
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