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Cranial and skeletal size in red foxes, Vulpes vulpes (Carnivora,
Canidae) in areas with large variation in food abundance

Jan Englund

ABSTRACT. Many skeletal parts vary in size between yearlings of different year-classes depending on the
food situation at the foetal stage as well as during the first spring-autumn period in life. The difference
between year-classes is more pronounced for certain parts of the cranium and mandibles. The reason is
supposed to be that full size is less important for some parts of the skull and bones than for other parts. Foxes
born in years with few rodents do not compensate the bad growth that year by further growth later in life.
Several parts of the cranium and mandibles will continue to grow in adult foxes, at least during their second
summer of life, if the food abundance is good enough. The zygomatic width and the distance between C and
P1 in the mandibles most often continue to increase in size after the first year, even when food is scarce.
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Pa3mepbl yepena u ckeneTta y nucuubl, Vulpes vulpes
(Carnivora, Canidae) B panoHax ¢ pa3nM4Hou KopMmoBoWu 6a3on

AH DHrNyHA

PE3IOME. HccnenoBanbl 0COOEHHOCTH pocTa 4epera M 3JIeMeHTOB ckenera y mucun (Vulpes vulpes),
nmo0eITEIX B LlIBeruu B 19661971 rr. MHOTHE CKEJIETHBIE 3JIEMEHTHI BAPEUPYIOT B pa3Mepax y CeroJIETOK
Pa3HBIX BO3PACTHBIX KJIACCOB B 3aBUCHMOCTH OT KOPMOBOW 0a3bl B TEUCHHE 3MOPHOHAIBHON CTaguM U
BECEHHE-OCEHHET0 Mepuo/ia IEepBOro roAa KU3HU. Pa3nuuust Mexk1y BO3PACTHBIMH I'PYIIIaMH OCOOCHHO
3aMETHBI B pa3Mepax HEKOTOPHIX YacTel yepemna u HibkHel yemoctu. [Ipeanonaraercs, 4To JOCTIKEHUE
MOJHOTO pa3Mepa He OJJMHAKOBO BaXKHO ISl pa3IMYHbIX YacTeil uepena u Kkoctel. JINcuipl, pok1eHHbIE B
TOJIbI C HeOOJIBIION YHCIIEHHOCTBIO I'PHI3YHOB, HE KOMIICHCUPYIOT HEIOCTATKH POCTa B AaIbHEHIIINE TO/IBI.
Y B3pOCIHBIX JIMCHII HEKOTOPBIC OTAEIBI Yepera M HIDKHEH YeIIOCTH HPOJOJDKAIOT YBEIUUUBATHCS, 110
KpaiiHel Mepe, B Te4eHHE BTOPOTO IO/1a )KU3HH IIPU T0CTATOYHOM OOMIINU KOPMOBBIX pecypcoB. OOBIYHO
CKYJIOBAs! IIMPHHA U PACCTOSIHAE MEX/Y KJIBIKOM M TIEPBBIM IIPEMOJISIPOM B HIDKHEH YETIOCTH MPOJI0IDKA-
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0T YBCJIMYUBATHCA B pasMepax MOCJIC MEPBOro roja Aaxe Korja KOpMOBBIX PECYPCOB HEAOCTATOYHO.

KJIFOYEBGLIE CJIOBA: Vulpes vulpes, ckener, BO3pacT, pOCT, MUIICBEIC PECYPCHI.

Introduction

Different parts of the cranium and mandibles grow
after the first year of life among foxes living in areas
with a high food production (Huson & Page 1980;
Liips, 1974; Hell et al., 1989; Englund, 2006).

According to Lindstrdm (1983) the mandibles in
subadult females born in the southern parts of the conif-
erous belt in Sweden cease to grow in November-
December. However, vixens born in years when food is
scarce will not be full-grown at that time. Lindstrdm
believes that these foxes will compensate for that by
further growth later in life.

Yom-Tov et al. (2003) showed that the zygomatic
breath, the length of the upper fourth premolar (P4) and
the diameter of the canine, but not the greatest length of
the skull, increased significantly during the twentieth

century in Danish foxes. This change is supposed to
have been caused by the improved food situation in
Denmark during that time. If the change in size was
caused by better growth of the young animals due to
food increase or by a change in selection in favor of
larger animals that can handle larger prey is not known.

The present study is based on material from the
coniferous belt in northern Sweden, where the number
of rodents fluctuates heavily from year to year (En-
glund, 1970; Hornfelt, 1991, 1994). Furthermore, there
are few food alternatives in these areas that can com-
pensate for the rodents when these are scarce (Englund,
1965). In such years only few vixens will get any cubs
and the mean litter size is only about half compared
with peak years. And the mortality rate in spring and
early summer is as high as 70% among the cubs, com-
pared with about a 10% mortality when rodents are
common (Englund, 1970, 1980).
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What effect may such a variation in food abundance
have on the ability for foxes to grow? Will individual
foxes born in certain years grow larger than foxes born
in other years? And secondly, do foxes from all year-
classes grow in size during several years as shown for
foxes in southern Sweden, or does further growth only
occur for foxes born when rodents are scarce, a so
called compensatory growth?

Material and methods

The present paper is based on data from skulls,
mandibles and long bones from nearly 2500 foxes out
of which more than 2400 were collected during the
years 1966 through 1971. All are from the counties of
Jamtland and Hérjedalen in the northern part of the
coniferous belt in Sweden (62—65° N latitude).

Most foxes were caught in steel traps in January
through March. Very few were collected from other
parts of the year. The material was delivered from
approximately the same hunters and trappers all years
and also from the same areas. Possible sampling errors
therefore are supposed not to spoil the comparisons
between year-classes.

Because material was collected from trappers often
long bones were missing or parts of the skeleton were
destroyed. The skeletal parts were simmered for several
hours in water with domestic detergent before cleaning.

Juveniles were distinguished from older foxes when
possible by open sutures in the tibia or by the presence
of an open suture between the basioccipital and ba-
sisphenoid bones in the cranium (Churcher, 1960). Other
foxes were aged by the incremental annuli in the tooth
cementum of the canines. The technique used was that
described by Jensen and Nielsen (1968) and modified
by Englund (1970).

Foxes in Jamtland and Hérjedalen are born about
one month later than foxes in the southern counties
(Lloyd & Englund, 1973). The foxes in the south stop
growing during November (Englund, 2006). When com-

paring the size of the crania, mandibles and long bones
from foxes of different year-classes, juveniles killed in
December or earlier therefore are excluded here. How-
ever, data from the permanent teeth P4 and M3 of
young foxes has been used irrespective of when the
foxes were killed, even from those killed in early
autumn.

Cranial measurements taken are as follow (the codes
in parenthesis corresponds to those given in von den
Driesch, 1976): greatest length (akrokranion-prosthion
(1)); condylobasal length (2); palatal length (the medi-
an point of intersection of the line joining the deepest
indentations of the choanae to the prosthion (13a));
greatest width of the braincase (29); mastoid width
(23); zygomatic width (30); and length of the right
upper tooth P4 (L).

Mandibular measurements are: total length (from
infradentale to the midpoint of the condyle (1)); dis-
tance between the alveoli of the canine and the pl;
length of pl—p4 (11) and of m1-m3 (10) both measured
along the alveoli; thickness of the mandible below the
middle of M1; and length of the crown of M1 (13).

Greatest length was measured on the humerus, the
ulna, the radius and the tibia (GL). Femural length was
measured from the superior surface of the femoral head
to the most distal point of the bone (GLC), which for
foxes is the greatest length in the femur.

Measurements were recorded to the nearest 0.1 mm
using calipers connected to a computer (Billfors &
Jacobsen, 1974). Means and standard deviations for the
different measurements, as well as the number of foxes
measured are given in the Tables 1-9. The ages are
given in years followed by week, during which the
animals were killed, and a period expressed in the week
numbers (0-53). T-test was used to compare the means
of the different year-classes. The relationship between
different measurements and age was analyzed quantita-
tively for each sex by regression analysis using SPSS/
PC+. In all tests yearlings killed during their first calen-
dar year are excluded.

Table 1. Some ecological data from the counties of Jdmtland-Hérjedalen, and the mean size in mm among foxes killed in
January as yearlings or later in life. Standard deviations and the number of foxes examined are given in parentheses.

1966 1967 1968 1969 1970

Rodents / fox sFomach 99 16 01 05 12
in January—April
Rodent index in

. e - + ++ 27
spring—summer
Cubs born/vixen 7? 3.9 0.8 2.5 3.7
Cub mortality (%) ”? 70 34 7 23
Male foxes born in 1966 1967 1968 1969 1970

Cranium

Greatest length 158.5 (5.70/182) 152.4 (5.30/147)

151.9 (5.86/ 84) 154.6 (5.30/200) 154.5 (4.98/102)

Condylobasal length 152.1 (5.39/164) 146.1 (4.67/128)

1454 (5.53/ 76) 148.4 (4.97/174) 1484 (4.26/ 85)
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Table 1 (continuing).

Male foxes born in

1966

1967

1968

1969

1970

Cranium

Palatal length

78.9 (3.20/233)

75.4 (3.03/212)

75.0 (3.24/102)

76.5 (3.09/262)

76.6 (2.88/134)

Braincase width

49.3 (129/173)

48.6 (139/129)

48.5 (1.45/ 78)

48.8 (128/181)

487 (1.37/ 96)

Mastoid width

49.1 (1.54/179)

48.3 (139/136)

479 (1.64/ 84)

48.3 (136/187)

48.6 (1.34/100)

Zygomatic width

82.8 (2.72/157)

80.7 (2.75/125)

803 (3.33/ 59)

80.3 (2.59/153)

795 (2.46/ 68)

P4 length

14.5 (0.63/201)

14.3 (0.59/229)

14.4 (0.59/126)

14.4 (0.65/365)

14.3 0.62/232)

Mandible

Total length

117.4 (4.08/189)

112.1 (4.12/201)

112.3 (4.06/ 91)

114.1 (4.07/257)

114.2 (3.85/140)

cpl

5.4 (1.03/181)

4.4 (0.97/199)

4.0 (1.05/ 92)

4.4 (098/254)

3.9 (0.82/138)

pl-p4

36.1 (1.46/180)

34.4 (1.68/199)

34.5 (1.54/ 92)

35.2 (1.63/253)

35.1 (1.44/138)

ml-m3

27.7 (1.08/178)

27.4 (1.15/195)

27.6 (1.01/ 88)

27.7 (1.00/242)

27.5 (0.97/129)

ml length

16.7 (0.75/168)

16.6 (0.71/209)

16.5 (0.72/122)

16.7 0.71/352)

16.4 (0.80/225)

Thickness

7.3 (0.50/190)

7.1 (046/201)

7.1 (0.44/ 91)

7.1 (0.45/255)

6.9 (0.46/138)

Long bones

Humerus

138.9 (5.34/132)

135.2 (4.97/123)

1342 (4.85/ 63)

137.0 (5.29/168)

137.6 (4.63/ 79)

Ulna

153.2 (5.50/182)

149.8 (5.32/155)

1489 (5.62/ 70)

151.7 (5.08/206)

152.1 (5.09/ 90)

Radius

130.6 (4.72/183)

127.8 (4.79/178)

1270 (4.68/ 86)

129.2 (4.76/228)

129.6 (437/104)

Femur

146.4 (5.67/106)

1414 (5.65/ 77)

142 8 (5.67/ 68)

144.9 (5.51/175)

144.1 (4.29/ 83)

Tibia

160.1 (6.58/141)

155.6 (6.46/107)

1562 (6.40/ 89)

158.9 (6.39/239)

158.0 (6.01/128)

Vixens born in

1966

1967

1968

1969

1970

Cranium

Greatest length

149.5 (4.23/153)

145.1 (4.66/104)

1444 (4.80/ 54)

146.6 (5.10/131)

146.7 (4.48/ 84)

Condylobasal length

143.9 (4.31/135)

1392 (4.34/ 94)

138.4 (4.45/ 55)

141.1 (4.89/117)

1414 (4.23/ 77)

Palatal length

74.5 (2.54/201)

72.1 (2.87/154)

715 (279 72)

73.0 2.99/179)

72.9 2.55/101)

Braincase width

48.0 (1.08/140)

476 (1.20/ 98)

473 (1.20/ 52)

47.7 (1.24/115)

47.7 (1.28/ 85)

Mastoid width

47.3 (1.18/145)

46.6 (1.32/1006)

462 (1.30/ 55)

46.6 (1.33/120)

46.7 (1.28/ 89)

Zy gomatic width

77.9 224/132)

76.5 (2.53/101)

76.0 (2.57/ 44)

75.3 (2.46/115)

74.7 (2.20/ 65)

P4 length

13.9 (0.53/189)

13.7 (0.50/157)

13.7 (0.56/ 79)

13.8 (0.59/264)

13.6 (0.58/170)

Mandible

Total length

110.8 (3.40/161)

106.4 (3.63/151)

106.2 (3.78/ 78)

108.1 (3.98/175)

108.1 (3.26/107)

cpl

4.9 (0.86/159)

4.0 (0.99/151)

3.7 (0.93/ 79)

4.1 (0.86/174)

3.7 (0.90/113)

pl-p4

34.4 (135/157)

33.1 (1.60/152)

329 (1.37/ 79)

33.8 (148/173)

33.6 (1.32/112)

ml-m3

26.9 (0.99/160)

26.6 (0.99/150)

26.7 (0.92/ 75)

26.9 (1.03/170)

26.6 (0.94/109)

m1 length

16.1 (0.68/151)

15.9 (0.68/149)

15.8 (0.63/ 78)

16.0 (0.67/248)

15.7 (0.67/173)

Thickness

6.9 (0.44/164)

6.8 (0.39/155)

6.8 (0.47/ 78)

6.8 (0.41/175)

6.6 (0.38/110)

Long bones

Humerus

130.5 (3.86/122)

127.2 (4.11/ 99)

1280 (4.33/ 62)

128.5 (5.54/113)

1293 (4.16/ 55)

Ulna

143.8 (4.29/161)

140.0 (4.86/118)

140.6 (4.90/ 64)

141.7 (5.75/137)

143 4 (4.85/ 75)

Radius

122.7 (3.67/170)

119.7 (4.05/131)

120.0 (4.38/ 65)

121.0 (4.99/154)

1223 (4.57/ 79)

Femur

138.9 (5.01/ 86)

1339 (4.74/ 73)

135.0 (4.54/ 62)

136.8 (5.49/127)

136.7 (4.93/ 67)

Tibia

151.0 (5.17/117)

146.1 (5.55/ 93)

1473 (5.43/ 73)

148.7 (6.38/170)

149.4 (6.11/ 87)

27
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Results

Out of the five year-classes 1966 through 1970,
foxes born in 1966 had larger skulls, jaws and long
bones than foxes born the other years. Those born in
1967 and 1968 were of about equal size. Foxes from
1969 and 1970 were somewhat larger than those from
1967 and 1968, but did not differ very much from each
other (Tabs. 1 and 2).

Foxes born in 1966

Five length measurements (the two lengths of the
cranium, the palatale, the mandibles and pl—p4) were
for both sexes significantly larger than they were in
foxes born in 1967 or 1968 (20 paired comparisons; 5
measurements * 2 year-classes * 2 sexes). In 15 of these
comparisons, the differences were as large as 4.0 to
5.2%. For the same five length variables foxes born in
1966 were 1.8 to 3.1% larger than those from 1969 or
1970 (Tab. 2).

The corresponding figures for the zygomatic width
and the thickness of the mandibles were most often 1.8
to 3.1% and 2.8 to 5.8% respectively.

The width of the braincase and the mastoid as well
as the length of P4 in the upper jaw also varied but not

in all paired comparisons and to a lesser degree. For
these variables foxes born in 1966 were only 0.8 to
2.5% larger than those from 1967 and 1968, and 1.0 to
2.2% larger than those born in 1969 or 1970.

The mean lengths of the long bones in foxes from
1966 were 2.0 to 3.7% larger than those born in 1967 or
1968, and 1.0 to 1.6% longer than those from 1969 or
1970.

The greatest difference was found for the distance
between c and p1 in the mandibles, or 23 to 35 and 20 to
38% respectively.

Foxes born in 1967 or 1968

Also the differences between foxes born in 1967 or
1968 at one hand and those from 1969 or 1970 on the
other were significant at the 1% level for many of the
variables. In most cases these two groups differed from
each other from 1.4 to 2.3% for the length of the
cranium, the palatale, pl-p4 and the length of the
mandibles (Tab. 2). In 8 cases out of 16 the figures for
the zygomatic width and the thickness of the mandibles
differed with 1.5 to 3.0%.

The width of the braincase and the mastoid and the
length of P4 in the upper jaw only differed in one single
case out of 24 paired comparisons (3*4*2). The length

Table 2. Percentage difference between year-classes (males/females; only cases with a significant difference at the 1% level

are given).
Year born | 196667 | 1966768 | 196669 | 1966/70 | 1967168 | 1967769 | 196770 | 1968069 | 196870 | 196970
Cranium
Greatest length 4028 | 4335 | 2520 | 2619 | - |-14-08|-14-09] 1715|1706 —-
Condylobasal length | 4.13.4 | 46/4.0 | 2520 | 2518 | —+— |-1.5-13] 1516|2019 2.021] -
Palatal length 46533 | 5242 | 3121 | 3022 | - |tam2| cte - | 20020 | 20019 -
Braincase width 14/0.8 | 1.6/1.5 1.0/ - 1.2/ - - - — - - - — - - - - -
Mastoid width 1715 | 2524 | 1715 | Lot | - - - I T
Zygomatic width 26/1.8 | 3125 | 3135 | 4243 | - | w16 |+15424] - | w7 | o-
P4 length s | s |- | 1an2 | - - - - - | s
Mandible
Total length 4740 | 4543 | 2925 | 2825 | - |-1.8-1.6|-1.8-16] 1618|1718 —/ -
cpl 2323 | 3534 | 2320 | 3832 | 1o— | —— | +13- [ou9s| —— | 13m
pl—pd 493.9 | 4646 | 26018 | 2824 | - |2321|=20-15] 2027|1721 -
ml-m3 Lt |- - IV BV IRV - - -
ml length - | e | - | 1s2s | - - |wrama| aw- | - |18
Thickness 28— | 28— | 28— | 5845 | /- - |w2om0| - [x2943.0] 2930
Long bones
Humerus 272.6 | 3520 | 1416 | - | - | 23— [a7m6] 20— | 25- ] —-
Ulna 2327 | 2223 | tons | - | - | cy- |as2a| aw- [cra2o| o-
Radius 2205 | 2823 | 14 | - | = | cv= [aw2a| - 2009 —-
Femur 3537 | 2529 | 1015 | 1606 | - |2421|-1.920] 14— | —- -
Tibia 2034 | 2525 s | 1y- | - |27 asea] g | - -
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of ml-m3 and m1 varied in 5 cases out of 16 between
1.1 and 1.3%. In 3 cases out of 8 the distance between ¢
and p1 in the mandibles differed with 9 to 13%.

The long bones in foxes born in 1967 or 1968 were
significantly shorter than among foxes born in the two
years thereafter. The differences varied from 1.1 to
2.4% in 27 pairs out of 40 comparisons (Tabs. 1 and 2).

Size versus food conditions

To make it easier to see what happens when the food
situation changes, I will change the order of the year-
classes. When comparing three groups of foxes, those
born under extremely good conditions as in 1966 with
those born in 1969 and 1970 when conditions were less
good and with the foxes born under very bad conditions
as in 1967 and 1968, the following is found.

The main reduction in growth rate that first takes
place when resources decrease from a very good to a
moderate condition, affects the length of the cranium
(especially from the tip of the nose to P4 in the upper
jaw) and the mandibles (a significant decrease in all
paired comparisons, most often in the range of 2 to 3%
change).

The width of the braincase and the mastoid is only
slightly affected or 1.0 to 1.7% in 6 cases out of 8

(75%). The conditions are the same for the long bones
which were shortened no more than 1.0 to 1.6% in 12
cases out of 20 (60%). The length of the upper P4, and
mIl and m1-m3 in the mandibles was affected only in a
few occasions or 4 times out of 12 (33%).

When food resources are reduced to a minimum as
in 1967 and 1968, the length of the cranium and the
mandibles will be another 1 to 2% shorter (in 31 cases
out of 32). And the long bones will be another 1 to 2%
shorter in 27 cases out of 40 (68%).

The width of the braincase and the mastoid, and the
length of the upper P4, the lower M1 and M1-M3 on
the other hand were reduced in size only in very few
occasions.

Size versus age

There are very few yearlings born in 1966 in this
material, as well as old foxes among the later year-
classes; especially those born in 1970 (Tabs. 4 and 5). In
spite of these shortcomings it is clear that the zygomatic
width and the distance betweenc and p1 in the mandibles
do increase with age and that for both sexes (Tab. 3). The
growth is most evident for foxes born in 1968.

Apart from the zygomatic width, the c—p1 distance,
and some few other variables in males from 1970, only

Table 3. The increase in mm/year among foxes from the counties of Jamtland and Hérjedalen. Only changes with a signifi-
cance at the 1% level are included here (in parentheses P-value <. Yearlings killed in their first calendar year are excluded.

Male foxes born in 1966 ‘ 1967 1968 1969 1970
Cranium

Greatest length - - 2.9 (0.002) - -
Condylobasal length - - 2.3 (0.010) - -
Palatal length - - 1.6 (0.002) - -
Zygomatic width - 1.5 (0.001) 2.7 (0.001) 2.1 (0.001) 1.2 (0.004)
Mandible

Total length - - 2.6 (0.001) - 1.8 (0.004)
c—pl 0.2 (0.008) 0.5 (0.001) 0.9 (0.001) 0.5 (0.001) -
pl-p4 - - - - 1.3 (.001)
Thickness - - - - 0.3 (0.008)
Vixens born in 1966 1967 1968 1969 1970
Cranium

Greatest length - - 2.6 (0.008) - -
Condylobasal length - - 24 (0.007) - -
Palatal length - - 14 (0.010) - -
Zygomatic width - 0.6 (0.012) 2.2 (0.001) 0.9 (0.008) -
Mandible

Total length - - 2.3 (0.002) - -
c—pl - 0.6 (0.001) 1.0 (0.001) 0.7 (0.001) -
Thickness - - 0.3 (0.001) - -
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Table 4. Age specific means of the condylobasal length in male foxes from the northern forest area in Sweden. Ages are
given as years and the week numbers during which the foxes were killed. Means in mm; standard deviations and the num-

ber of foxes examined within parentheses.

Foxes born in 1966 1967 1968 1969 1970
Ages

0.00-1.26 151.5 (3.68/ 6) 146.3 (5.13/ 35) 144.2 (5.47/48) 148.1 (4.93/136) 148.0 (4.12/75)
1.27-2.26 1532 (6.09/ 42) 146.3 (4.33/ 69) 147.5 (4.55/20) 150.2 (4.72/ 35) 151.6 (2.93/ 7)
2.27-3.26 1514 (4.98/ 73) 146.3 (5.09/ 20) 147.3 (6.59/ 7) 142.7 (1.95/ 3) -
3.27-4.26 152.7 (5.42/ 37) 141.3 (1.81/ 4) 153.0 (-/ 1) - 149.4 (11.24/ 2)
4.27- 149.7 (5.64/ 6) - - - 1502 (/1)
Change/year - - 2.3 - -
p-value > 0.457 > 0.331 < 0.010 > 0.228 >0.179
Correlation - - 0.30 - -

SE - - 5.31 - -

Table 5. Age specific means of the condylobasal length in female foxes from the northern forest area in Sweden. Ages are
given as years and the week numbers during which the foxes were killed. Means in mm; standard deviations and the num-

ber of foxes examined within parentheses.

Foxes born in

1966

1967

1968

1969

1970

Ages

0.00-1.26

144.1 (3.56/ 3)

137.4 (4.07/24)

137.3 (4.70/36)

141.0 (4.97/92)

141.2 (4.23/70)

1.27-2.26

144.0 (4.50/33)

140.1 (3.87/44)

140.3 (3.34/14)

141.5 (4.70/20)

142.0 (4.54/ 6)

2.27-3.26

143.8 (4.35/62)

139.1 (5.69/19)

141.5 (1.66/ 5)

139.7 (5.02/ 4)

1458 (- 1)

3.274.26

144.1 (4.27/25)

139.7 (2.54/ 5)

1459 -/ 1)

4.27-

143.3 (4.45/12)

139.2 (1.91/ 2)

Change/year

2.5

p-value

>0.761

> 0.430

< 0.007

Correlation - —

0.36 - -

SE - —

4.19 - -

foxes born in 1968 increased in size after their first year
of life (Tab. 3 and Figs. 1 and 2). The width of the
braincase and the mastoid, the length of pl—p4, m1-m3
or the long bones did not increase with age, however.
Most of the growth in adult foxes took place during
their second summer in life (Tabs. 4-9).

Discussion

Small rodents constitute a very important food re-
source for foxes in the coniferous belt in northern
Sweden, and there are very few alternatives when ro-
dents are scarce (Englund, 1965). The number of cubs
born after a winter when rodents are scarce is much
lower than otherwise, and the cub mortality in the
spring-summer period is very high (Englund, 1970,
1980 and Tab. 1).

This variation in food abundance also affects the
growth rate in the first summer of life. Of the year-
classes studied here the 1966 cohort showed the best
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Figure 1. Size and continued growth of condylobasal length
in male foxes born in different years (mean in mm +95%
confidence limits of the mean). Yearlings include foxes
killed from January through June. Older ones include foxes
killed all round the year (July 1 — June 30).
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Table 6. Age specific means of the zygomatic width in male foxes from the northern forest area in Sweden. Ages are given
as years and the week numbers during which the foxes were killed. Means in mm; standard deviations and the number of
foxes examined within parentheses.

Foxes born in 1966 1967 1968 1969 1970
Ages

0.00-1.26 80.7 (1.99/ 8) 78.6 (2.44/ 31) 78.3 (2.40/31) 79.7 (2.52/115) 79.2 (2.35/ 57)
1.27-2.26 82.7 (2.70/ 41) 81.0 (2.32/ 69) 82.1 (2.99/20) 82.3 (1.79/ 35) 80.3 (1.91/ 9)
2.27-3.26 82.7 (2.48/ 63) 82.6 (2.89/ 21) 83.3 (2.30/ 7) 81.1 (0.60/ 3) -
3.27-4.26 834 (2.98/ 37) 79.9 (1.34/ 4) 84.8 (-/ 1) - 86.0 (/1)
4.27- 82.7 (3.48/ 8) - - - 832 (/1)
Change/year - 1.5 0.5 0.4 1.2
p-value > 0.069 <0.001 <0.001 < 0.001 < 0.004
Correlation - 0.41 0.60 0.39 0.35

SE - 2,51 2.69 2.39 2.32

Table 7. Age specific means of the zygomatic width in female foxes from the northern forest area in Sweden. Ages are giv-
en as years and the week numbers during which the foxes were killed. Means in mm; standard deviations and the number

of foxes examined within parentheses.

Foxes born in 1966 1967 1968 1969 1970
Ages

0.00-1.26 71.3 (0.42/ 2) 748 (2.54/ 23) 74.8 (1.97/26) 75.0 (2.28/ 93) 74.4 (2.07/58)
1.27-2.26 77.5 (2.55/ 34) 77.1 (2.35/ 48) 77.2 (2.16/13) 764 (3.12/ 17) 77.0 (2.23/ 6)
2.27-3.26 78.1 (2.31/ 58) 770 (2.33/ 21) 79.2 (2.50/ 5) 77.0 (1.53/ 4) -
3.27-4.26 78.1 (1.91/ 26) 76.3 (1.83/ 6) - - 756 (' 1)
4.27-6.26 782 (1.90/ 12) 78.3 (2.64/ 3) - - -
6.27— - - - 785 (/1) -
Change/year - 0.6 2.2 0.9 -
p-value > 0.262 <0.012 <0.001 < 0.008 > 0.067
Correlation - 0.25 0.59 0.25 -

SE - 2.35 2.09 243 -

Table 8. Age specific means of the distance between ¢ and pl in the mandible in male foxes from the northern forest area
in Sweden. Ages are given as years and the week numbers during which the foxes were killed. Means in mm; standard de-

viations and the number of foxes examined within parentheses.

Foxes born in 1966 1967 1968 1969 1970
Ages

0.00-1.26 50 (1.13/ 12) 3.9 (0.92/ 77) 3.5 (0.80/ 64) 4.3 (095/214) 3.8 (0.83/130)
1.27-2.26 5.3 (0.89/ 49) 4.7 (0.84/ 93) 52 (0.66/ 21) 5.0 (0.99/ 37) 4.3 (0.46/ 7)
2.27-3.26 52 (1.03/ 72) 4.8 (0.93/ 25) 4.8 (0.74/ 6) 4.4 (0.45/ 3) -
3.27-4.26 5.7 (1.08/ 39) 4.6 (0.57/ 4) 47 (- 1) - 42 (/1)
4.27— 6.0 (1.01/ 9) - - - -
Change/year 0.2 0.5 0.9 0.5 -
p-value < 0.009 < 0.001 < 0.001 < 0.001 >0.211
Correlation 0.20 0.38 0.54 0.23 -

SE 1.02 0.90 0.89 0.95 -




32 J. Englund

mm
150 |—
145 — l 1 _l
I T |
140 — b
135—
130 T T T T T T
66 67 68 69 70 m

Figure 2. Size and continued growth of condylo-basal length
in female foxes born in different years (mean in mm +95%
confidence limits of the mean). Yearlings include foxes
killed from January through June. Older ones include foxes
killed all round the year (July 1 — June 30).

growth and the smallest ones were born in 1967 and
1968.

1. The food availability in the summer of 1967 was
extremely bad, resulting in a mortality rate among cubs
which was double that of 1968, when the food situation
was somewhat better. Still, the foxes from these two
years did not differ in size (Tabs. 1 and 2). This needs
an explanation.

In March—April 1967 rodents were extremely com-
mon which means that the pregnant vixens got enough
of food with a high nutrition value (Englund, 1970,
1980). This may have affected the foeti positively. The
vixens may also have had a good food situation in the
spring and thus be able to produce plenty of milk for the
suckling cubs. Due to lack of data from the spring
period this assumption is unverified.

The following winter and the early spring of 1968,
the rodents were extremely rare resulting in a bad situ-
ation for the foeti as well as for the suckling cubs. In

fact the shortage of food was so bad in early 1968 that
the mean number of cubs born per vixen was only 0.8 as
compared with 3.9 in 1967 (Englund, 1970, 1980).

The condition of the pregnant vixens as well as the
food situation during both the suckling time and the
first summer-autumn period of cub life therefore are
supposed to affect the possibility for them to attain a
good growth.

2. With the moderate increase of the rodent popula-
tions that started in the summer of 1968, foxes born in
1969 and probably also those born in 1970 lived under
a better food situation, and thus grew somewhat larger.

However, the mean for two variables, (the zygomat-
ic width and the distance between ¢ and pl in the
mandibles), was in four cases out of eight significantly
larger among foxes born in 1967 than it was among
foxes born in 1969 or 1970. How can this be explained?

In contrast to the other measurements these two will
increase in size during several years (Tabs. 3, 6-9). The
combination of this and the fact that there are propor-
tionally fewer old foxes in the material among those
born in 1969 and 1970 is a possible explanation to this
anomaly.

3. Adult foxes in southern Sweden have been shown
to grow not only in their second summer in life, but also
thereafter (Englund, 2006). The year-classes studied in
the north deviate from this pattern in so far as only
foxes born in 1968 grew as adults.

Why did foxes born in 1968 grow when one year
old, while foxes born in 1966 and 1967 did not? And
why did not these latter foxes grow in the summer of
1969 when foxes born in 1968 did (Tabs. 3—5 and Figs.
1 and 2)?

If adult foxes will get enough food of good quality,
as the foxes in the north will in some years (or at least
some summers), they will continue to grow. Out of the
three summers of 1967 through 1969 only the latest one
was good enough. This summer the rodents were rather
common, and therefore foxes born in 1968 continued to
Srow.

Table 9. Age specific means of the distance between ¢ and p1 in the mandible in female foxes from the northern forest area
in Sweden. Ages are given as years and the week numbers during which the foxes were killed. Means in mm; standard de-
viations and the number of foxes examined within parentheses.

Foxes born in 1966 1967 1968 1969 1970
Ages

0.00-1.26 4.7 (0.67/ 5) 34 (0.83/ 63) 3.3 (0.75/ 55) 4.0 (0.82/142) 3.6 (0.90/106)
1.272.26 4.8 (0.85/ 51) 4.1 (0.73/ 58) 44 (0.72/ 20) 4.6 (0.83/ 29) 4.0 (1.00/ 6)
2.27-3.26 5.0 (0.89/ 66) 49 (1.00/ 23) 5.1 (0.81/ 4) 5.3 (0.45/ 3) -
3.27-4.26 5.0 (0.88/ 29) 4.9 (0.72/ 6) - — 371
4.27- 4.9 (0.76/ 8) 49 (/1) - - -
Change/year - 0.6 1.0 0.7 -
p-value > 0.419 <0.001 <0.001 < 0.001 > 0.334
Correlation - 0.54 0.60 0.34 -

SE - 0.83 0.75 0.82 -
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But if food was plentiful enough in the summer of
1969 for foxes born in 1968 to grow, why did not foxes
born in 1966 or 1967 increase in size that summer?
There may be two reasons for that. Adult foxes may
demand more food to grow when 2+ year old than during
the second year of life. An alternative possibility may be
the fact that older foxes more often have litters (Englund,
1970, 1980) reducing the chance to feed themselves, and
that this difference between ages may explain why one
year old foxes grew in size but not the older ones.

4. Lindstrom (1983) supposed that foxes that were
not full-grown in their first year of life due to food
scarcity, compensated for that by growth later in life.
This hypothesis is not supported by my data. Foxes
studied here and born in 1967 did not compensate by
further growth later in life. The growth during the
second summer of life for foxes born in 1968 is just an
ordinary growth among adults when food is plentiful
enough, as it was in the summer of 1969 (Tabs. 3—5 and
Figs. 1 and 2).

5. Yom-Tov et al. (2003) showed that the length of
the upper P4 increased in length by 6.9% for Danish
males and 7.2% for females during the twentieth centu-
ry. During that period the amount of prey animals
increased in number, among other species large ones as
roe-deer and pheasants. Did the increase of the upper
P4 was the result of a better growth of the young in the
spring-summer period caused by the improved food
situation as shown here (Tab. 2), or had the foxes
changed genetically as an adaptation to larger prey
Yom-Tov et al. (2003) ask?

In the agricultural counties of Uppland, S6derman-
land and Ostergétland in southern Sweden the amount
of food vary from year to year. In the spring-summer
1968 there were few rodents compared with 1966, 1967
and 1969, and foxes born in 1968 had significantly
shorter upper P4. However, the difference in length was
not greater than 0.9 and 1.0% for males and females
respectively (own data). In northern Sweden the ro-
dents were extremely common in the summer of 1966
and very few in 1967, and in this area there are few
alternatives for foxes to eat. In spite of this extreme
difference in food abundance, the length of the upper
P4 did not differ more than 1.4% for males and 1.5%
for females (Tab. 2).

Thus the increase in the length of the upper P4 for
Danish foxes during the last century was much larger
than the differences shown for Swedish foxes born in
years with large difference in food amount. The main
part of the increase of the upper P4 among the Danish
foxes therefore is believed to be an adaptation to larger
prey that increased in numbers during the twentieth
century (Yom-Tov et al., 2003).

6. When food resources are reduced, the mean length
of the cranium and the mandibles change more than
other variables. The length of the long bones changes
less and not for all groups. The mean widths of the
braincase and the mastoid as well as the mean length of
P4, ml and m1-m3 are only slightly affected by the
amount of food (Tabs. 1 and 2).

This variation in change is probably caused by the
fact that some bones can be reduced rather much without
too large a change in the survival rate, while a reduction
in other parts of the cranium, the mandibles or the skele-
ton is more likely to be of negative survival value.

That the length of the legs is important for a preda-
tor is easy to understand, especially for those living in
areas with deep snow during a large part of the year as
in the area studied. That the width of the braincase will
be rather stable in size irrespective of environmental
factors may also be easy to understand. A reduction in
brain size may have severe effects and thus reduce the
chance to survive.

A shortening in the length of the nose and the mandi-
bles on the other hand seem to have less effect on
survival rate than the other variables. These are the parts
to be reduced to the greatest amount when food is scarce.

7. In subadult foxes born in years with low or
moderate abundance of rodents, the mean zygomatic
width as well as the mean distance between ¢ and pl is
smaller than among foxes born under better food condi-
tions (Tabs. 6-9). This reduction in mean size indicates
that a full size of these structures is of less importance
for the survival.

The further growth, which takes place in the adults
even in years with food shortage, indicates the importance
of full size for these structures later in life, however!

Can these two contradictory statements be incorpo-
rated in one theory? Out of 54 fox cubs tagged in years
with high autumn rodent populations, and shot during
the first autumn-winter period, 69% were killed within
5 km from the tagging place, and another 9% were shot
within 10 km (Englund, 1980). The corresponding fig-
ures for 1975, a year with rather few rodents, were 52
and 8% respectively for the 25 recoveries in the first
autumn after tagging.

The conclusion from this is that a high proportion of
the subadult foxes in these northern habitats do not
leave their parents’ territory during their first year of
life. The high proportion of barren one year old vixens,
even after winters with high numbers of rodents, sup-
ports this idea (Englund, 1970, 1980).

Later in life when foxes have to fight for own terri-
tories, however, it may be more important to be large to
be successful in the social interactions. Thus a broad
face may be very important. It is more difficult to
understand why an increase in the c-p1 distance should
increase the survival rate.

8. For some variables the differences of the means
has been shown to vary with some few per cent for the
year-classes studied. It may of course be questioned
whether such small differences really will affect the
survival rate or not. One should then not forget that a
linear change in the length of some bones may have a
rather prominent effect on the mass of the muscles
involved. The changes thus are larger than it may look
like at first.
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