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The need for consistent data collection for large-scale
comparative studies illustrated by the study of morphology
of the red fox Vulpes vulpes

Jan K. A. Englund*, Morten Elmeros & Lars E. W. Osterdahl

ABSTRACT. The size of mammals is often given as the head and body length (HBL). The condylobasal length
of the skull (CBL) is also used as a measure of the size of mammals. The HBL in small mammals is mostly
measured from the tip of the nose to the root of the tail. In species like whales, human beings and elephants,
the measurements are not comparable with those from small mammals which in fact does not matter. On the
contrary, it is of prime importance for the measurements taken within the same species to be comparable.
If we deal with incomparable data from different authors or museums, it may result in false conclusions. In
the present paper this problem is illustrated by the red fox Vulpes vulpes. The HBL in Scandinavian red fox
is 4.43 to 4.54 times the CBL. Data in the literature indicates that European foxes outside Sweden have a
HBL 4.54 to 4.96 times their CBL. The difference is probably an artifact of different measuring techniques.
Therefore we believe that CBL gives better information about the size of the foxes. However, the length of
the skull is far from ideal here, since the proportion HBL/CBL seems to vary geographically. We suggest
that what has been measured and how the measurements have been taken must be carefully reported by the
authors. The scientists would know then which data can certainly be used for an extended meta-analysis.
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Heob6xoammocTb c6opa conoctaBUMbIX MOPGONOrM4ecKkux AaHHbIX
ANA NpoBeAeHns LUMPOKOMAaCLUTabHOro cpaBHUTENbLHOrO aHanu3a
Ha npumepe obbikHOBeHHOU nucuubl Vulpes vulpes

A.K.O. durnyHg*, M. 3nmepoc, J1.2.B. AcTtepaanb

PE3IOME. B xauecTBe KpuTepHs pa3MepoB )KMBOTHBIX 00BIYHO MpuBoAnUTCs JymrHa Tena (I T). B atom xe
Ka4yeCTBE MCIIOJIb3YeTCsl TaKkxKe KoHamnodasanbHas [uinHa yepena (KH). ¥V menkux maexonuratomux /T B
OOJIBIIMHCTBE CIIydaeB U3MEPSETCs OT KOHYMKA HOCA 10 OCHOBaHUsI XBocTa. [lapamMeTpbl TakMX BHIOB Kak
KHT, 4eJIOBEK MJTH CJIOH HE CONIOCTABUMBI C TAKOBBIMH MEJIKMX MIIEKOIIMTAOIINX, YTO HE cymiecTBeHHO. Coro-
CTaBUMOCTb JK€ PE3YIIbTATOB H3MEPEHHH, IIPOM3BEICHHBIX HA 0COOSIX OHOTO BU/1a, UMEET NEPBOCTEIICHHOE
3HaueHue. [Ipn 06paboTke HECPaBHUMBIX JJAHHBIX, IOy IEHHBIX OT Pa3HBIX aBTOPOB MIIM U3 PA3HBIX MY3€EEB,
HEN30€)KHBI OITNO0UHBIE BEIBOABI. CKa3aHHOE MILTIOCTPUPYETCS B IAHHOMW CTaThe Ha MPUMEpPE JIUCHIIBI Vilpes
vulpes. 1T ckangunaBckoi aucuiibl npesbimaet ee KU B 4.43-4.54 paza. [1o niuteparypHbiM 1aHHbIM, T
eBporeiickoi mucnnpl (nckittouast LBenno) npessiaer KU B 4.54-4.96 pasa. [IpuunHoi#i TaKoro pacxox-
JICHUSL, SIBISIETCS], BEPOSITHO, apTe(pakT, HECOOTBETCTBHUE METOANK U3MEepeHNI. ABTOPSI rojararot, 4ro KU
JaeT Oosee BEpHOE MPECTABICHHE O pa3Mepax OOBIKHOBEHHON JIMCHITBI. OTHAKO M 3TOT HapaMeTp JTaJICKO
He uaeaineH, nmockonbky otHomenne JT/K/IH umeer reorpaduaeckyro H3MEHIHBOCTh. ABTOPBI CUHTAIOT,
YTO B EYATHBIX TPyAaX HEOOXOJMMO TIIATEIHbHOE OMICaHIE 00BbEKTa U METOAUKY n3MepeHuil. Tombko npu
OTOM YCJIOBUH OHy6ﬂI/IKOBaHHbIe JaHHBIC MOT'YT 6BITI> HCIIOJIb30BaHbI JJId O6H.II/IpHOFO MCTa-aHaJu3a.

KIJIFTOYEBBIE CJIOBA: xonmumo6aszanpHas ITHHA, JUIHHA Tella, METONWKAa M3MEpPeHUH, MOpP(hOIOTHs,
mucuna, Ckanaunasus, Vulpes vulpes.
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Introduction

Data published in scientific papers serve not only to
support the findings and theories being put forward, but
also to provide information that other scientists can use
to combine with their own data for an extended meta-
analysis. This is especially important when studying
the morphological variations in animal inhabiting vast
geographical areas. However, this has many implications
and challenges such as differences in the definition of
morphological measurements and how the measurements
are taken (Ansell, 1965).

In this study we specifically compared the head and
body length and the condylobasal length of red foxes
Vulpes vulpes Linnaeus, 1758 from data provided in the
literature and from data collected by ourselves.

Material and methods

Our study is based on data on structural measure-
ments of foxes from the European continent (data taken
from the literature) and from foxes we have collected
in Denmark (D1, 55-58° N latitude, n = 47) and four
regions in Sweden namely northern Norrland (S1, 62—-68°
N, n=1363), southern Norrland inclusive Varmland and
Dalarna (S2, 59.5-62.0° N, n=346), central Sweden (S3,
58.5-60.0° N, n=312) and the province Scania inclusive
Halland and Blekinge (S4, 55.3-56.3° N, n=319) in the
most southern part of Sweden (Fig. 1). All foxes in our
study were at least seven months old. Furthermore we
only used foxes where we have data from both the head
and body length (HBL) and the condylobasal length
(CBL). This is not always the case for the literature data.

For HBL a special measuring board with a one mm
scale was used (Fig. 2). The fox is placed on its back on
the board with the first vertebrae of the tail bent over the
end of the board. The body is moderately stretched, a
glider is moved to touch the nose, and the measurement
is taken to the nearest mm. The procedure is repeated
until a consistent value is achieved. The length of the
fox was set as the mean of the values after rejecting any
extreme values. This way of measuring the head and
body length is preferable (Ansell, 1965).

Furthermore 123 foxes have been measured from the
tip of the nose to the root of the tail using a measuring
tape that followed the back of the body. However, we
placed the foxes on their stomachs instead of on the side
as recommended by Ansell (1965) and the foxes were not
stretched. All measurements were taken by Englund. The
CBL was measured as described by von den Driesch (1976).

Student t-test was used when comparing two different
ways of measuring HBL, and also for the comparisons of
HBL/CBL between Danish and Swedish foxes.

Results

The ratio between the HBL and the CBL in both males
and females differed considerably between our material
and that from the published studies. In our material the
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Fig. 1. The distribution of the material per 50 x 50 km squares
within five areas in Scandinavia (S1 — northern Norrland,
S2 — southern Norrland, S3 — central Sweden, S4 — Scania,
Dk — Denmark). Size of black circles show the number of
studied fox specimens.

Fig. 2. The method used to position foxes on the measuring
board.

HBL was 4.4 to 4.5 times longer than the CBL for both
sexes, while the HBL in the previously published European
material was as much as 4.6 to 5.0 and 4.5 to 4.8 times
longer than the CBL for males and females respectively
(Table 1). Therefore, according to the literature, most foxes
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in Europe have much longer bodies relative to the length
of the skull than the Swedish foxes (Fig. 3).

The difference in the Danish foxes measured by
Englund and others is remarkable (Fig. 3, Table 1).
According to our data, the HBL for both sexes in
Danish foxes was 4.4 times longer than the skulls while
according to others it was 4.6 and 4.7 times longer.
Therefore, if our limited data on Danish foxes give the
true picture, then they have shorter bodies relative to the
skulls than the Swedish foxes (Fig. 3, Table 2; p <0.01

in six times out of eight) and also shorter bodies than
Danish foxes, measured by other researchers.

According to Stubbe & Stubbe (1977), the HBL in
male and female German foxes is 5.0 and 4.8 times longer
than their skulls, which is extremely different from our
data (Fig. 3, Table 1).

The measurement attained when using a measuring
tape that follows the back and the neck was 716.9 mm,
which is 61.5 mm longer than with our method
(655.4 mm), sd =42.8 /33.6; n = 123.
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Fig. 3. HBL (stars) and CBL (circles) in males of Vulpes vulpes. The number of specimens and references

is given in Table 1.

Table 1. The proportions between HBL and CBL.

. Males Females
Region
HBL/CBL n (HBL) n (CBL) HBL/CBL n (HBL) n (CBL)
S1 4.51 210 210 4.49 153 153
S2 4.50 216 216 4.50 130 130
S3 4.51 170 170 4.54 142 142
S4 4.52 198 198 4.51 121 121
D1 4.43 26 26 4.44 21 21
D2 4.68 ? 18 4.70 ? 15
D3 4.61 7 7 4.68 7 7
England 4.70 34 94 4.66 31 98
Wales 4.61 ? 165 4.54 ? 214
Germany 4.96 39 58 4.80 27 31
Spain 4.87 65 22 - - -
Notes:

S1to D1 — all foxes have been measured by J. Englund;

D2, D3 — data from Wandeler & Liips (1993);
England — HBL data from Kolb & Huson (1974); CBL data from Huson & Page (1979);

Wales — HBL data from Lloyd (1980) as cited by Cavallini (1995); CBL data from Huson & Page (1979);

Germany — data from Stubbe & Stubbe (1977);
Spain — HBL data from Travaini & Delibes (1995); CBL data from Wandeler & Liips (1993).
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Table 2. The proportion between HBL and CBL of Vulpes vulpes. The p-values show the significance of the differences in the
proportions in foxes from different parts in Sweden compared with the foxes in Denmark (D1).

HBL/CBL Males Females

S1 S2 S3 S4 DI S1 S2 S3 S4 DI
mean 4.51 4.50 4.51 4.52 443 4.49 450 4.54 451 4.44
sd 0.146 | 0.120 | 0.154 | 0.127 | 0.096 | 0.131 | 0.143 | 0.148 | 0.109 | 0.101
n 210 216 170 198 26 153 130 142 121 21
median 4.49 4.50 451 4.51 4.41 4.48 4.49 4.53 4.51 443
max 5.04 4.85 491 4.90 4.69 4.82 5.08 491 478 4.63
min 420 4.14 4.05 4.03 427 422 4.15 4.14 428 4.26
p< 0.01 0.01 0.01 0.001 - - 0.05 0.01 0.01 -

Discussion Conclusion

The differences between the Scandinavian and the
continental foxes in HBL and CBL measurements are
remarkably large (Fig. 3, Table 1). We suggest that this
mainly is a result of how structural measurements were
defined and taken. If so the different measurements
of HBL are not comparable and may result in false
conclusions, if the data are combined.

In some publications HBL has been measured from
the tip of the nose to the base of the tail. However, this
distance can be measured the shortest or the longest way
where the measuring tape follows all the curves in the
back and in the neck. The latter measure is about 62 mm
longer (9.4%).

Sometimes the foxes have been measured from the
tip of the nose to the tip of the tail and then the HBL was
determined by subtracting the length of the tail. However,
the length of the tail sometimes is measured from the tip
of'tail to the back of the fox while in other cases from the
tip of the tail to the anus. The latter measurement will
give an average of 3.3% longer estimate of tail length
(14.3 mm, n = 61) and subsequently shorter estimates
for the body length.

Apart from the challenges that may be caused
by differences in what has been measured, it is also
important to consider how they have been measured.
Before the measurements are taken, the foxes may or
may not have been stretched, another factor to consider.

Thus, when analyzing data from different publications,
the risk for false conclusions is eminent.

The length of the skull is often used as a substitute
for the size of mammals. This measurement is well
defined and accurate. However, our data show that
the proportion between the length of the skull and the
head and body length is not constant (Fig. 3 and Table
1, 2; note the different distances between the stars and
the circles in Swedish and Danish foxes measured by
Englund, S1-S4 and D1).

We believe that the Swedish foxes have longer bodies
relative to the skulls, than what the foxes in the western
part of the continental Europe have.

When describing the size of mammals the authors
should inform the readers very carefully what has
been measured and how the measurements were taken.
Another conclusion is that the length of the skull is not a
consistent proxy for the size of mammals in individuals
from different regions and direct comparisons between
studies may result in false conclusions. Therefore the
proportion between the skull and the head and body
length should always be determined, with at least a
moderate large number of specimens from all areas
studied, before a large material of skulls are used in an
extended meta-analysis.
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