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Abstract. The body composition of Barn Owls (Tyto alba) killed on motorways in the 
northeastern part of France during autumn and winter was studied in relation to their age, 
sex, body size, and season. Body composition differed greatly among individuals. In mature 
and immature birds of both sexes, body mass and body lipid were highest in early winter, 
whereas body protein did not show seasonal changes. Thus, body mass increase was due to 
accumulation of body lipid. Maximum (14%) and average (10%) adiposity of males and 
females were very similar, but body protein was higher in females than in males. This 
difference is explained by the larger skeletal size of females, and it disappears after size- 
adjustment. Relative to other data on captive fed or fasted Barn Owls, and based on body 
lipid, 54, 40 and 6% of the present birds were considered as nondepleted, partly-depleted 
and emaciated, respectively. The adiposity of nondepleted males and females and of mature 
and immature individuals were similar and averaged 12.5%, intermediate compared to other 
bird species. In contrast to previous suggestions, we conclude that Barn Owls accumulate 
lipid reserves as frequently as do other bird species, in anticipation of cold weather and 
food scarcity. During mild winters, most of the road-killed Barn Owls were in good nutri- 
tional condition. We found no evidence for a sex difference in the energy strategy of Barn 
Owls during the nonbreeding period. 

Key words: Barn Owls, body composition, structural size, nonbreeding period, Tyto alba. 

INTRODUCTION 

During the winter season, the survival of birds 
in adverse climatic conditions can be greatly af- 
fected by nutrient reserves (Blem 1990, Suter 
and van Eerden 1992). Whereas this aspect of 
bird biology has been largely investigated in 
passeriformes, shorebirds and waterfowl, little 
work has concerned the nutrient reserves of sed- 
entary raptors. To study the influence of low 
temperatures and food scarcity during winter on 
population size of raptors, we are using the Barn 
Owl (Tyto al&) as a model system. Among rap- 
tors, the Barn Owl is one of the few species for 
which many individuals can be obtained because 
of high mortality by road accidents (Baudvin et 
al. 1991, Taylor 1994). The Barn Owl is vulner- 
able to cold weather and prolonged snow cover, 
which is generally attributed to its inability to 
accumulate sufficient body reserves compared to 
other raptors of the same size (Piechocki 1960, 
Schiinfeld et al. 1977, de Bruijn 1994). How- 
ever, this assumption is based on results from a 
single study (Piechocki 1960) of the fat deposits 
in a sample of Barn Owls which included some 
individuals that had suffered nutritional stress. 
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A previous study on wild Barn Owls found 
dead on motorways during winter shows that 
their body mass is close to that of captive indi- 
viduals fed ad libitum, and that it increases in 
early winter (Massemin et al., in press). This 
suggests that a majority of these killed birds was 
not affected by nutritional stress. However, it is 
well known that besides being related to struc- 
tural size, body mass changes according to lev- 
els of lipid and/or protein reserves. In many bird 
species, seasonal variation of body lipid, such as 
an accumulation before winter in anticipation of 
cold weather and food scarcity, have been ob- 
served (King and Murphy 1985, Blem 1990). 
Body protein also can be used to cope with en- 
ergetic stress (Witter and Cuthill 1993) or can 
be stored at particular periods of the annual cy- 
cle, such as before molt (Cherel et al. 1994) or 
migration (Piersma 1994). In winter, a trade-off 
would exist between an increase in body protein 
for the maintenance of thermogenesis during se- 
vere weather (Piersma 1994) and a decrease of 
body protein to improve ability to survive star- 
vation during a period of food scarcity (Han- 
drich et al. 1993b). The determination of the en- 
ergy status and strategy of the Barn Owl during 
winter therefore requires the measurement of 
body size and reserves. 
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FIGURE 1. Seasonal distribution of killed Barn 
Owls in four age and sex categories. 

This article focuses on body composition of 
Barn Owls during the nonbreeding period. Its 
main objectives are to characterize the seasonal 
changes in body composition according to sex 
and age, compare the body composition of males 
and females and determine how it relates to 
structural size, and estimate nutritional status 
from body composition. This was done through 
the study of a large sample of Barn Owls killed 
on motorways. 

METHODS 

BIRD SAMPLING 

Barn Owls killed by cars on motorways were 
collected in the northeastern part of France (Al- 

sate-Lorraine from 1991 to 1993, Champagne 
and RhGne-Alpes in 1992) during autumn and 
winter nonbreeding periods. The weather was 
mild during these seasons with mean air tem- 
perature above - 1°C and duration of snow cover 
less than 3 days. The nonbreeding period was 
divided into four seasonal periods using the rule 
of Sturge (Scherrer 1984). The four seasonal pe- 
riods studied were early (1 October-15 Novem- 
ber) and late (16 November-31 December) au- 
tumn and early (1 January-15 February) and late 
(16 February-31 March) winter. 

Birds selected (n = 78) were relatively intact 
individuals (not crushed) whose date of death 
was known. Sex was determined by gonad iden- 
tification. Two age classes, immature and ma- 
ture, were identified based on the bursa of Fa- 
bricius; individuals without a bursa of Fabricius 
were considered mature. The sample consisted 
of four categories: 30 immature females, 18 ma- 
ture females, 16 immature males and 14 mature 
males. The distribution over the four seasonal 
periods of individuals belonging to each of these 
categories is shown in Figure 1. Immature fe- 
males, and to a lesser extent immature males, 
were killed mostly in autumn. Mature males and 
females were killed mostly in winter. 

DETERMINATION OF BODY COMPOSITION 
AND STRUCTURAL SIZE 

Total body mass (? 0.1 g) was defined as the 
mass of a bird after removal of the stomach con- 
tents, and body mass was defined as the mass of 
a bird after removal of the digestive contents and 
feathers. Total mass of body lipid and protein 
were predicted from the mass of different body 
components using linear regression equations 
developed in a previous study (Massemin et al., 
unpubl. data; Table 1). As a prerequisite, two 
types of birds have to be considered: non-ema- 
ciated birds with abdominal adipose tissue 

TABLE 1. Regressions used to predict body lipid, body protein and skeletal ash in Barn Owls. 

R2 

Birds with AAT 

Regression 

Birds without AAT 

Regression 

Body lipid (g) 0.98 9 = -10.86 + 1.87DMS + 0.18RDBM” 0.96 ? = -0.01 + 13.84LLMa 
Body protein (g) 0.89 ? = -0.02 + 0.78LDBMa 0.98 ? = -3.19 + 0.82LDBM” 
Skeletal ash (g) 0.99 ? = 1.93 + 6.51AH + 18.36ACSCb 

AAT: Abdominal Adipose Tissue, RZ: coefficient of determination. 
aThese regressions were developed from a sample of wild Barn Owls (n = 38; Massemm. et al., unpubl. data). 
b This regression was developed from a sample of captive Barn Owls (n = 9) and is v&d for birds with and without AAT (Tbouzeau. et al., unpubl. 

data). 
DMS: Dry Mass of whole Skin; LLM: Lipids of Leg Muscles; RDBM: Remaining Dry Body Mass = dry body mass minus dry mass of whole skin; 

LDBM: Lean Dry Body Mass; AH: Ashes of Humerus; ACSC: Ashes of Coracoid, Scapula and Clavicle. 
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(AAT) and emaciated birds without AAT. To es- 
timate body lipid, the specific excised tissues 
were the whole skin except toes (integument, 
subcutaneous adipose tissue, and adipose tissue 
deposits on muscles) in birds with AAT, and all 
muscles attached to the legs (femur and tibi- 
otarse bones) in birds without AAT These tis- 
sues and the remaining carcass were freeze-dried 
to determine their dry mass. Dry body mass cor- 
responded to the sum of the dry masses of the 
above-mentioned tissues and of the remaining 
carcass. Body mass minus dry body mass yield- 
ed body water. Lean dry body mass was defined 
as dry body mass minus the predicted mass of 
body lipid. This variable allowed us to predict 
body protein in the two types of birds (Table 1). 
Leg muscles were ground into a fine homoge- 
neous powder. Leg muscle lipids were measured 
by a gravimetric method after extraction accord- 
ing to Folch et al. (1957) and were used to pre- 
dict body lipid in birds without AAT. For birds 
with AAT, the relative error of the estimation of 
body lipid and body protein is 5% and 2%, re- 
spectively; for birds without AAT it is 9% and 
2%, respectively. 

Wing span (with feathers), length of the trunk 
(from the first thoracic vertebra to the rump), 
humerus, bill, and claws were measured to the 
nearest mm. Skeletal ash was predicted from the 
mass of ashes of a few bones (humerus, cora- 
coid, clavicle, and scapula, Table 1) obtained af- 
ter heating at 500°C for 24 hr in a muffle fur- 
nace. The predicted skeletal ash is accurate (rel- 
ative error of l%), and mass of skeletal ash is 
constant, whatever the nutritional status of Barn 
Owls (Thouzeau et al., unpubl. data). The mass 
of skeletal ash therefore was used as an index 
of structural size. 

CRITERIA FOR NUTRITIONAL STATUS 

Birds were classified as having one of three nu- 
tritional statuses according to body lipid. We de- 
fined “nondepleted birds” as those whose body 
lipid or adiposity (body lipid/total body mass) 
was higher than or equal to that of the leanest 
individual among captive Barn Owls fed ad li- 
bitum during winter, i.e., 30 g of body lipid or 
12% (Thouzeau et al. 1995). “Partly-depleted 
birds” were defined as individuals with AAT 
and < 30 g of body lipid. “Emaciated birds” 
were defined as individuals without AAT. Their 
body lipid mass was 5 14 g. The absence of 
AAT is a good criterion for a critical nutritional 

state in birds (Dewasmes et al. 1980, Robin et 
al. 1991), including Barn Owls (Massemin et al., 
unpubl. data). During fasting, this critical state, 
called “phase III” (Le Maho et al. 1981), is 
characterized by an increase in protein break- 
down following a threshold depletion of body 
lipid. 

STATISTICAL ANALYSES 

Student’s t-test or analysis of variance (ANO- 
VA) followed by the Student-Newman-Keuls 
test were used to compare means between two 
or more groups, respectively. When the normal- 
ity test failed, a nonparametric test was used to 
compare two (Mann-Whitney U-test) or more 
groups (Kruskal-Wallis H-test). For comparison 
of proportions, arcsine transformation followed 
by the chi-square test was performed. The 
Spearman rank correlation was used for com- 
paring time changes of two variables (Scherrer 
1984). Principal component analysis (PCA) was 
used to determine which factors (size, sex, age, 
season) explained the range of Barn Owl body 
composition. PCA is an eigenvector ordination 
technique for displaying variables in a Pearson 
correlation matrix, which weights all variables 
equally. A variable with a high correlation with 
a principal axis explains a large part of inertia 
of this axis (STAT-ITCF, Dervin 1988). Values 
presented are means + SE. 

RESULTS 

PRINCIPAL FACTORS OF BODY COMPOSITION 
VARIATIONS 

Body mass of the 78 birds analyzed ranged from 
186-295 g. There was considerable variability 
in body composition. Body lipid varied between 
4 and 66 g, body protein between 40 and 60 g, 
and skeletal ash between 10 and 14 g. The re- 
sults of the PCA on body lipid, body protein and 
skeletal ash are presented in Figure 2. The first 
principal component (Al) was highly correlated 
with body protein (R2 = 0.86). The second prin- 
cipal component (A2) was uncorrelated with 
sex, age or season. Part of the variability in body 
protein was explained by the structural size 
(skeletal ash) of birds (R2 = 0.40, P < 0.001). 
Birds with the highest masses of body protein 
were principally females. Their structural sizes 
also were the largest of the sample. In contrast, 
body lipid was not influenced by structural size 
(R2 = 0.06). Considering the sample as a whole, 
there was a significant correlation between body 
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FIGURE 2. Biplot of the first two principal components of the masses of body lipid, protein and skeletal ash 
in Barn Owls. The first (Al) and second (A2) principal components explain 66% and 26%, respectively, of the 
variance of the data (together 92%). 

lipid and protein (R2 = 0.34, P < 0.001, n = 
78). 

SEASONAL VARIATION OF BODY MASS AND 
COMPOSITION ACCORDING TO AGE AND SEX 

In each sex and age category, the same trends 
in seasonal changes of body mass were ob- 
served. Consequently, within each sex, values 
for mature and immature birds were pooled to 
allow comparison between males and females. 
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FIGURE 3. Seasonal changes in body mass of male 
and female Barn Owls during the nonbreeding period. 
The size of the sample used to calculate each mean is 
presented in the lower part of the graph. Values are 
means ? SE. Within each sex, mean values not sharing 
the same letter are significantly different (P < 0.05). 

As shown in Figure 3, body mass exhibited sig- 
nificant seasonal changes in males (F3,74 = 3.82, 
P < O.OS), being maximum in early winter. The 
same trend was observed in females, although 
seasonal changes were not significant. At each 
of the four seasonal periods, there was no sig- 
nificant difference in body mass between males 
and females. Within each sex and age category, 
there was a tendency for body lipid to be higher 
in early winter than in the three other seasonal 
periods (Fig. 4). For example, in immature 
males body lipid was 120% higher (F2,12 = 5.51, 
P < 0.01) in early winter than in early autumn. 
In mature females, body lipid in early winter 
was 40 and 70% higher than in early autumn 
and late winter, respectively (F2,15 = 10.21, P < 
0.01). Changes in lipid mass were similar in ma- 
ture and immature females. Apparent differences 
between mature and immature males may be due 
to the small sample sizes at some periods. Con- 
sequently, values of body lipid from mature and 
immature birds were pooled. In early winter, 
body lipid was 50-130% (males) and 40-60% 
(females) higher than in the other three seasonal 
periods (males: F3,26 = 7.71, P < 0.05; females: 
F 3.44 = 5.14, P < 0.05; Fig. 4, bottom). Peak 
adiposity (body lipid/total body mass) in early 
winter did not differ between males (14.1 + 
1.1%) and females (12.6 ? 0.9%) (t,, = 1.04). 
At each of the four seasonal periods there was 
no significant difference in body lipid between 
males and females. In both sexes, changes in 
body lipid paralleled those in body mass (Y, = 
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TABLE 2. Means (2 SE) of body mass and composition of male and female Barn Owls during the nonbreeding 
period. 

Sex 
Compartment Male (n = 30) Female (n = 48) t,, P-VdW? 

Total body massa (g) 286.9 2 5.1 
Body massb (g) 243.5 2 4.5 
Body water (g) 150.7 2 2.4 
Dry body mass (g) 92.9 2 2.8 
Body lipid (g) 28.8 2 2.4 
Body lipid (%) 9.8 2 0.7 
Body protein (g) 50.0 2 0.6 
Body protein (%) 17.5 2 0.2 
Skeleton ash (g) 11.3 + 0.1 

305.8 5 3.5 
259.3 5 3.3 
160.1 ? 1.5 
99.2 2 2.2 
31.1 ? 1.7 
10.0 2 0.5 
53.2 ? 0.5 
17.4 * 0.1 
12.1 t 0.1 

3.18 < 0.05 
2.90 < 0.05 
3.58 < 0.05 
1.79 < 0.05 

ns 

3.93 < o”.“os 

5.43 < o”.“oOl 

a Total body mass = mass vatbout stomach contents. 
b Body mass = Total body mass without digesuve contents and feathers. 
c W refers to total body mass. 

body mass, dry body mass, body water, and 
body protein were significantly higher in fe- 
males than in males. This could be due to a 
greater structural size, given that the mass of 
skeletal ash (Table 2) and the length of the trunk 
(10.6 ? 0.1 vs. 10.2 ? 0.1 cm; thO = 3.84, P < 
0.001) were greater in females than in males. To 
test this structural size hypothesis, the relation- 
ship between body protein and skeletal ash was 
examined. Only nondepleted birds were used in 
the calculations to avoid potential bias due to 
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FIGURE 5. Relationship between body protein and 
skeletal ash in nondepleted male and female Barn 
Owls (male: y = 34.39 + 1.49x, R* = 0.16, P < 0.05, 
n = 15; Female: y = 24.37 + 2.50x, R2 = 0.44, P < 
0.001, n = 27). The slopes of these relationships were 
not significantly different (t4, = 0.97) and the average 
slope (2.81, RZ = 0.53, P < 0.001) was used to adjust 
body protein (Y-adjusted) to structural size according 
to Lison (1968). The following equation was used: Y 
adjusted = Y - 2.81(X - 11.92). In this equation, X 
and Y represent individual skeletal ash and body pro- 
tein, respectively, and 11.92 is the average mass of 
skeletal ash. 

different proportions of emaciated and partly-de- 
pleted birds among males and females. A direct 
relationship was found between body protein 
and skeletal ash in both males and females (Fig. 
5). Accordingly, body protein was adjusted to 
structural size. Size-adjusted body protein was 
not different between sexes (U,,,,, = 309, ns). 

THE NUTRITIONAL STATUS OF BARN OWLS 
DURING THE NONBREEDING PERIOD 

Birds were classified as nondepleted, partly-de- 
pleted and emaciated according to the criterion 
defined in the Methods section. In nondepleted 
and partly-depleted birds, the different age and 
sex categories were represented in different pro- 
portions (xz3 = 9.35, P = 0.05). However, this 
mostly reflected the fact that marked differences 
in the seasonal distribution of killed birds exist 
among these categories, notably in the propor- 
tion of birds killed in early winter (see Fig. 1). 

In nondepleted birds, the average adiposity 
(12.5 ? 0.4%; range lo-20%) was not signifi- 
cantly different between males, females, mature 
and immature birds. Partly-depleted and emaci- 
ated birds had significantly lower adiposity (7.5 
+- 0.3 and 3.9 2 0.7%, respectively, HZ = 58.7, 
P < 0.001). Body protein was 50.6 2 0.5 and 
46.0 ? 2.1 g in partly-depleted and emaciated 
birds, respectively, i.e., 6 and 14% lower, re- 
spectively, than in the nondepleted owls (53.7 ? 
0.5 g; F2,77 = 17.7, P < 0.001). The percentages 
of the killed Barn Owls considered as nonde- 
pleted, partly-depleted and emaciated were 54, 
40 and 6%, respectively. In accordance with the 
seasonal changes in body lipid, 95% of the birds 
killed in early winter were nondepleted, whereas 
45-68% of the birds killed in other seasonal pe- 
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riods were partly-depleted. The few emaciated 
birds were found only in early autumn and late 
winter. 

DISCUSSION 

SEASONAL VARIATION OF BODY 
COMPOSITION AND ENERGY STRATEGY OF 
BARN OWLS DURING WINTER 

As previously observed and discussed (Massem- 
in et al., in press), we found that a different pop- 
ulation was killed at different times of the non- 
breeding period: mostly immature birds were 
killed in autumn, whereas mostly mature birds 
were killed in winter. These facts could affect 
the validity of our conclusions. For example, the 
increase in adiposity and body condition in early 
winter could have been artificial if immature 
birds were on average more depleted than ma- 
ture birds. This was not the case because the 
level of adiposity and its pattern of seasonal 
changes were similar in mature and immature 
Barn Owls. Lastly, over half of the killed birds 
(54%) were nondepleted, indicating that the 
probability of collision was not restricted to de- 
pleted, and thus possibly weak, birds. Altogether 
these observations give no support to biased 
sampling as an explanation of the seasonal 
changes in body condition of Barn Owls. 

The increase in body mass of Barn Owls in 
early winter was due only to an accumulation of 
body lipid; no seasonal changes in the amount 
of body protein was observed. Birds are often 
fatter and heavier during winter compared to 
summer (Witter and Cuthill 1993). In winter, an 
increase of body lipid is required to meet the 
potential energy deficits arising both from ther- 
mogenesis and insufficient food intake when 
snow cover is important (Andrews 1995). This 
increase in body lipid in early winter allows 
birds to survive longer periods of starvation. 
From the 7 g day-’ lipid loss calculated for Barn 
Owls fasting but hunting at 5°C (see below), it 
can be estimated that in early winter (body lipid 
= 41 g) birds are able to survive 6 days of star- 
vation, whereas in autumn (body lipid = 27 g) 
they would die after 4 days of starvation. Thus, 
the increase in body lipid in early winter is a 
strategy that aids the survival of Barn Owls in 
a situation of food shortage. 

Compared to males, females had larger struc- 
tural size but not significantly different adiposity 
or size-adjusted protein mass. This is probably 
due to the low sexual dimorphism of Barn Owls, 

as observed in this study and by others (Mli- 
kovsky and Piechocki 1983, Taylor 1994). The 
similar adiposity between sexes also agrees with 
the observation that during winter, male and fe- 
male Barn Owls have the same ability to survive 
an experimental fast (Handrich et al. 1993b). 
Thus, in this species, there seems to be no sexual 
difference in the strategy during the nonbreeding 
period. On the other hand, from the observation 
that the total body mass of breeding female Barn 
Owls is higher than that of breeding males, Kor- 
pimaki (1990) has suggested that females but 
not males adopt a “passive storage” strategy 
during the breeding period. 

Compared to other bird species, the average 
adiposity of male and female Barn Owls (10% 
overall, 12.5% in nondepleted birds) may be 
considered as “intermediate”: in winter the 
mean adiposity is 2% in Galliformes (Thomas 
1982), 6% in Passeriformes (Newton 1969), 
lo-13% in Charadriiformes (Evans and Smith 
1975, Marcstrom and Mascher 1979), 12-17% 
in Anseriformes (Ely and Raveling 1989), and 
18-25% in Sphenisciformes (Robin et al. 1988, 
Cherel et al. 1994). Thus, in contrast to previous 
suggestions (Piechocki 1960), the reason for the 
vulnerability of the Barn Owl during winter does 
not seem to be a low lipid reserve. Considering 
(1) the resting energy expenditure of captive 
Barn Owls fasting at 5°C (213 kJ day-l, Han- 
drich et al. 1993b), (2) the additional energy cost 
of hunting in the field (95 kJ day-‘, Handrich et 
al. 1993a), (3) the relative contribution of body 
lipid to energy expenditure (91%, Handrich et 
al. 1993b), and (4) the energy equivalent of lipid 
(39.3 kJ g-l, Schmidt-Nielsen 1979), it can be 
estimated that a fasting but active wild Barn Owl 
would use 7 g of lipid daily. Thus, wild birds 
with a 10% adiposity (30 g of body lipid, Table 
2) have the potential to survive a 4-5 day total 
fast at a mild (5°C) winter temperature. This ca- 
pacity could reach 9 days in the fatest birds (66 
g of body lipid). Obviously, the potential to sur- 
vive would be reduced at lower ambient tem- 
peratures, but it would be greater in situations 
of food restriction as compared with total fast- 
ing. 

THE NUTRITIONAL STATUS OF BARN OWLS 
DURING THE NONBREEDING PERIOD 

Fifty-four percent of the birds in our sample 
were classified as “nondepleted.” They had 
probably been feeding ad libitum or at least they 
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had not faced prolonged periods of food restric- 
tion. Five individuals (6% of total sample) were 
considered emaciated. They were in a nutritional 
status equivalent to the so-called phase III of 
fasting (Handrich et al. 1993b) and must have 
undergone prolonged food shortage or total star- 
vation. Forty percent of the birds were in an in- 
termediate nutritional status, that is partly-de- 
pleted. The difference in the body energy con- 
tent between nondepleted and partly-depleted 
Barn Owls was on average 93% due to lipid and 
7% due to protein (calculated from body lipid 
and protein; energy equivalent of lipids and pro- 
teins equals 39.3 and 17.8 kJ g-l, respectively; 
Schmidt-Nielsen 1979). These figures are close 
to the respective contributions of lipid and pro- 
tein of 91% and 6% of the energy loss during 
the so-called phase II in totally fasting Barn 
Owls (Handrich et al. 1993b). This suggests that 
most of the partly-depleted Barn Owls were in 
a nutritional status equivalent to phase II of total 
fasting, which is characterized by the preferen- 
tial use of body lipid as a fuel source and by the 
sparing of body protein (Le Maho et al. 1981, 
Handrich et al. 1993b). However, whether these 
birds were totally fasting or only food-restricted 
is not known. The possibility that some of the 
partly-depleted birds were well-fed and restoring 
their lipid reserves after an emaciated status 
(phase III) cannot be excluded. 

Our conclusions on the nutritional status of 
Barn Owls during the nonbreeding period are 
based upon captive birds as reference and a sam- 
ple of road-killed individuals. The question 
therefore arises as to what extent these conclu- 
sions apply to a free-living population. The cap- 
tive Barn Owls used as reference belonged to a 
small population breeding in a large aviary ex- 
posed all year to natural climatic conditions and 
photoperiods. That these individuals were rep- 
resentative of the free-living ones from the point 
of view of body reserves is suggested by the 
observation that their annual cycle of total body 
mass (Handrich, unpubl. data) was similar to 
that reported by Taylor (1994) for a free-living 
Scottish population of Barn Owls. How the nu- 
tritional status of road-killed Barn Owls reflects 
that of the whole population has been assessed 
in only one study (Taylor 1994). Using total 
body mass as a criterion, Taylor found that most 
of the road-killed Barn Owls in winter were in 
a poorer condition than free-living birds. How- 

and were therefore most likely territorial mature 
birds whose body mass might be greater than the 
average of the whole population. The sample in 
the present study included immatures and thus 
probably mostly Barn Owls whose body mass 
could be more representative of the overall av- 
erage. Thus, we can conclude that during mild 
winters most of the Barn Owls living in north- 
eastern France are in good nutritional condition. 
This conclusion would be reinforced if, as sug- 
gested by Taylor (1994), emaciated birds were 
over-represented in our sample. 
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