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The Diet and Growth of Fox-Cubs in Two Regions of Scotland
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Analysis of stomach contents showed that in North-east Scotland
fox cubs are mainly fed on rabbits and hares, whereas in the West
of Scotland they are fed on lambs and voles. The rate of growth of
litters is the same in the two regions, but cubs in the West are born
on average between a week and a fortnight later than those in the
North-east. It is suggested that this is due to different periods of
availability of the main foods in the two habitats.

[Department of Agriculture and Fisheries for Scotland, Agricultural
Scientific Services, East Craigs, Edinburgh, EH12 8NJ, Scotland]

I. INTRODUCTION

Foxes Vulpes wvulpes (Linnaeus, 1758) live in a great variety of
habitats and eat a wide range of foods. The way in which populations
adapt to these local circumstances is poorly understood. Previous work
on foxes in Scotland has described the food, changes in density and
leproductive condition of adults (Kolb & Hewson, 1979, 1980).
This paper presents some information on the diet, date of birth and
growth of fox cubs in two parts of Scotland and discusses the possible
role of food availability in determining variations in the breeding and
development of foxes .

Il. MATERIAL AND METHODS

Litters of cubs killed during normal fox control operations were collected
from gamekeepers, forestry rangers and shepherds between 1971 and 1976. One
sample came from North-east Scotland (Grampian), an area of moorland,
forestry and lowland farming. The other came from the West of Scotland
(Strathclyde and parts of Central and Highland), an area of forestry, upland
sheep farming and deer forest® No significant differences were found in diet
or growth within these areas so that they represent two homogeneous samples
from either side of Scotland (see Fig. 1, Kolb&Hewson, 1979).

All data came from litters killed on a known date. Each cub was weighed
and measured from the top of the snout to the root of the tail (head and body
length). The animal was then autopsied and its stomach contents identified
as described in Kolb & Hewson (1979). In the analysis of diets the litter
was taken as the sampling unit. Results are presented as the percentage frequency
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of occurrence of foods as the main item in the stomachs of litters of cubs and
as the total occurrences of food items in a sample of litters.

Growth was analysed by transforming all data to a linear relationship through
the use of conversion factors (Ricklefs, 1967). The transformed data were
then tested by standard regression techniques. Three growth models were available:
the Logistic, Gompertz and von Bertalanffy curves. The best model was chosen
ty finding that curve which gave the largest proportion of common variance
from the correlation between the transformed data and time. This proved to
be the Gompertz curve, although the differences between it and the von
Bertalanffy were small, both giving r’> between 80 and 85°%. Assymptotes were
estimated from the weights and head and body lengths of large samples of
adult foxes killed in the same 'areas. Litter values higher than 90°% of the
assymptote were excluded from the analysis because of the sensitivity of the
conversion factors in this range to deviations from the estimated assymptotes.
All growth data have been presented as mean litter values, irrespective of
sex. There was no difference in the sex ratio of cubs in the two areas and
the lumped data allow a better comparison of growth rate and estimated mean
date of birth. As the season progressed fewer whole litters and more individual
cubs were received, leading to a slight spreading in the distribution weights
and lengths (Fig. 1).

In order to estimate the age of litters and dates of birth it has been necessary
to assume a standard length and/ \“eight| at birth. From data in Layne &
McKeon (1956) and Ewer (1973), and from the comparison of weight and
head and body length in this study, birth weight has been taken to be 100 g and
the length of the head and body as 150 mm.

IIl. RESULTS
3.1. Weaning

A proportion of the younger cubs had milk in their stomachs which
appeared as a congealed white paste. Litters were aged from head & body
lengths on the basis of the fitted regressions in Fig. 1 (reconverted there
to curves). This shows that cubs start to be weaned during the fourth
week of life (Fig. 2), at a head and body length of between 250 and
350 mm and a weight of 0.4 and 0.8 kg. Weaning takes approximately
10 days, although one exceptional litter had milk in their stomachs at
7 weeks (Fig. 2).

3.2. Differences in Diet between Regions

Rabbits, hares and birds (mainly game birds and domestic fowl, but
also with some pigeons and small passerines) form the largest part of
the diet in the North-east, whereas lambs and Microtus are most
important in the West (Table 1). These results are similar to the diets
of adults from the same areas during the spring and summer (Kolb &
Hews on, 1979). A direct comparison with the frequency of stomach
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contents in adults during April, May and June shows no statistically
significant differences.

3.3. Comparison of Growth Curves

The rate of growth of litters was similar in the two regions (Table 2).
However there is a highly significant difference in the position of the
two sets of curves, indicating a later breeding season in the West (Table

2, Fig. 1).

Table 1

The percentage frequency of occurrence of food items in the stomachs of litters
of fox cubs Kkilled in two areas of Scotland, p: probability of difference being
due to chance from 2X2 contingency tables.

Main stomach contens Total stomach contents

N.E, West p N.E. West p

38! 32! 38t . 32!
Lagomorph 76 6 0.001 87 19 0.001
Microtus 5 28 0.05 16 41 0.05
Other small mammal O 3 n.s. 11 6 n.s.
Lamb 2 38 0.001 5 41 0.001
Deer 0 6 n.s. 0 9 n.s.
Fox cub 0 13 n.s. 0 13 n.s.
Bird 18 9 n.s. 68 28 0.01
Insect 0 0 n.s. 8 6 n.s.
Vegetable 0 0 n.s. 21 6 n.s.
Misc. 0 0 n.s. 3 3 n.s.

! Number of litters with solid food in stomachs

Table 2

Analysis of covariance from regressions of Gompertz conversion factors for mean
head and body length and weight of litters on date for the North-east and West

of Scotland.
Comparison of slope Comparison of elevation
F d.f p F d.f. p
Head and body length 1.896 1,120 n.s. 34.617 1,121 < 0.00001
Weight 0.561 1,127 n.s. 31.175 1,128 < 0.00001

3.4. Breeding Season

The points at which the growth curves intercept the time axes for
birth length and weight give an estimate of the mean date of birth
in each population. This is between a week and a fortnight later in the
West than in the North-east (Table 3). The estimate depends on the
growth curve used. The weight curve is nearer its lower tail and is
probably less reliable for extrapolation. The limits to the breeding
season have been estimated by extrapolating extreme litter values back
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to birth size and weight using average growth. Because of the spread
in distribution among older animals only the lower half of each data
set has been used. This shows that litters are being born over a period
of 6 to 7 weeks (Table 3).

)

Table 3

Estimated dates of birth for litters from the North-east and West of Scotland,
assuming a length at birth of 150 mm and a weight of 100 g.

From head and body length From weight

Mean Range Mean Range
North-east 26 March 4 Mar.— 22 Apr. 16 March 18 Feb. —11 Apr.
West 3 April 12 Mar. —23 Apr. 28 March 16 Mar. —25 Apr.

IV. DISCUSSION

The detailed conclusions presented here about dates of breeding and
age of weaning depend upon assumptions such as conformity to a
particular growth model, a standard weight and length at birth and
a growth rate in all litters resembling the average for the population.
Some of these conclusions can be checked against independent results.
Kolb & Hews on (1980) give figures for estimated dates of
conception for vixens from the same areas, based on fitting the size
of embryos to a growth curve. If the gestation period for foxes is
taken as 53 days (Lloyd, 1977) then means dates of birth can also
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Fig. 2. The stomach contents of litters of young fox cubs. Age has been estimated
from mean head and body length assuming average growth as in Fig. 1 and a head
and body length at birth of 150 mm.

L

be estimated. These are 27 March for North-east Scotland and 10 April
for the West which are in reasonable agreement with figures in Table 3
for dates estimated from mean head and body length for litters.
Ll oyid (1977) states that weaning begins at 4 to 5 weeks and is
completed at 6 to 7 weeks. However other authors say that weaning
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is accomplished between the third and fourth week (Englund, 1969;
Sargeant, 1978) which is more consistent with our results. Sug-
gestions that suckling goes on for very much longer, such as 8 to 10
weeks (Matthews, 1960), are probably in error.

The two main conclusions of this study are that the diet of cubs is
distinctly different on the two sides of Scotland and that foxes breed
later in the West than in the North-east. Cubs are eating essentially
the same foods as adults in the two regions and the same considerations
apply. In particular lambs are the most important food in the West.
This is the case with the adults as well, although they also eat sheep
carrion (Kolb & Hewson, 1979). Clearly lambs are carried back
preferentially to feed cubs and in the West and North-west they form
up to 60°/0 of remains found at dens (Hewson, 1979). Howewer lambs
only from about 40°0 of the diet (Table 1) and it is probable that many
smaller items that are brought to cubs, such as voles, are not found
in den litter. In addition it has yet to be established what proportion
of these lambs are fresh kills of healthy animals as opposed to scavenged
carrion, or result from attacks on lambs too weak to survive.

Previous descriptions of variation in the breeding season of foxes
have concentrated on changes with latitude. Foxes from more northerly
populations breed progressively later in the year and although the
proximate factors determining the onset of spermatogenesis and ovula-
tion are not known it is pressumed that there is a general adaptation
to produce cubs during the most beneficial season for weaning and
rearing (Lloyd & Englund, 1973). Latitude can be excluded as
a factor in this study. There are differences in climate between the twu
areas, the North-east being drier and having more severe winters
(Manley, 1952) but it is not easy to see how these can explain the
differences in breeding. The main foods of adults and cubs in the
North-east are rabbits and mountain hares, both of which are available
to some extent during the winter and spring and both of which start
breeding relatively early in the year (Lloyd, 1977, Hewson, 1977).
However in the West the most important food during the spring is lamb
which is only present for a limited period. Lambing in hill areas is late
compared to other parts of Scotland and generally starts in April
(Coppock, 1976). On one intesively studied estate in the extreme
West of Scotland most lambs were born during the first week in May
(Hewson & Verkaik, in prep). Therefore foxes in the West seem
to be without a substantial food supply for rearing cubs during the
early spring and most probably breeding is delayed as a result.
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Streszczenie

Badania przeprowadzono na lisach odstrzelonych przez mys$liwych i stuzbe lesng
w latach 1971—1976, w dwoéch roéznych regionach Szkocji. Kazdy lisek byt wa-
zony i mierzony, a tre$¢ zotagdkowa pobierano do dalszej analizy. Analiza tresci
zotagdkowej wykazata, ze mitode liski z poéinocno-wschodniej Szkocji odzywiajg
sie gtownie krolikami i zajgcami, podczas gdy na zachodzie Szkocji jedzg one
jagnieta i norniki (Tabela 1; Rycina 2). Tempo wzrostu miodych jest takie samo
w obu regionach (Rycina 1), lecz szczenieta w zachodniej czesci rodzg sie $rednio
tydzien do dwoch tygodni pézniej niz w regionie poinocno-wschodnim (Tabele 2, 3).
Sugeruje to, ze w omawianych regionach wystepuje rézny okres dostepnosci pod-
stawowego pokarmu,



