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Abstract

.Many methods of age}determination have been>deVised
for use on large mammals. An attempt was made to discover
whether they were applicable to a small species, how
accurate the methods ceuld be and whether the age deter-

‘mination criteria were influenced by environmental factors.

This study was based on 199 known-age specimens of

the mainland bank vole, Clethrionomys glareolus britannicus

(Miller), and 169 specimens of the Skomer vole, C. g

skomerensis (Barrett-Hamilton).

 These two laboratory-raised samples were used to
assess the relative accuracy and relisbility of different

age determination criteria.

Morpholegica1~characters which were used for ageing
_included: %ody weight, body measurements; skull measure-:..%:
ﬁehts, molar root development, tooth wear, fusion of
epiphyses, baculum, pelage, and dry weight of the eye
lenses.

Changes ih these characters were studied'through>18
months of,ege. storatory study showed that‘the dry weight
of the eye lens gave the best results for ageing. Develop-
menp of the molar roets found to be highly correlated with
' age, as was tooth wear. Fusion of fen sets of epiphyses '
combine to give a high degree.of_acéuracy in age-deter-

~mination up to the age of 14 months. The correlation of

skull measurements, moult, body measurements, and body

weight with age was also studied.



Tables wefe prepared for estimating the age of the
. two subspecies from every character used and 95% confidence

limits were attached to the results.

A low-calcium diet was given to 60 known-age mainiand '
‘bank voles but there was no mSasurable effect even oﬁ bones

and teeth.

Seventy three known-age mainland bank voles were
released_ih outdoor enclosures. Growth data of 18 of them
- were analysed and compared with data from laboratory-
raised animals. The results were in agreement with the
- latter, except in regard to tooth wear and to some extent

in root growth,'
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I.2. General Introduction

‘ Reliable criteria for estimating the age ef mammals,
in order to etudy different phases of their 1ife,'are still |
needed. Unless the ages of individuals are known with
| accuracy, 1t is not possibie to make critical studies_en
population dynamics, growth rates, longevity, eexual meturity,
and other aspects of the life of mammals. With the continuous
increase in the study of mammalian populations, the need for
relieble criteris to determine their age must be fulfilled.

The use of different criteria for ageing in wiidlife
studies has been reviewed by Alexander (1958). Literature
(‘up fo 1957 ) on ageing of wildlife.was listed by Madsen
(1967). Ageing in hammals has been reviewed briefly by )
Gandal (1954), and mest extensively by Morris (1972) and by
Pucek & Lowe (1975). Certaip greups have been reviewed ==
separately, e.g. Pinnipedia (Laws, 1962); and Cetacea ahd
Pinnipedia (Jonsgdrd, 1969). Most other ageing studies have
been mentioned by Morris (1oc.cit.)-and Pucek & Lowe (loc.
cit.). ‘ | | |

The degree'of accuracy needed for estimating the.age )
of mammals differs according to the life span of the diffe-
- rent species. Fof example, yegrly divisions.for big mammais,
’ which reachvmaturity after the first year of their lire;‘ |
are probably sdequate. But in the’case of small rodents;
which mostly breed during their first year of life, and may
only live for a few months, criteria of shorter time span

are needed for estimating their age.

Some work has been carried out for ageing small,;

»

mammals e.g. Schofield (1955) on Ondatra zibethicus
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Eujalska et a1l (1965) on Lepus eurobaeus ; Skoczen (1966)

on Talpa europaea ; and Adamczewska-Andrze jewska (1971 &

1973YH on Apodemus agrarius . In such studies, the sample
under investigation was divided into age-related groupsv
because known-age animais were not aiailable and the ages
assigned to each grdup were only educated guésses. Division
like this gi?es on;y a rough approximation of age for these
species..v '

Because it is difficult to get large numbers of exactly
known-age wild animals, various methodsAof age determination
have been calibrated using snimals of knowl. age raised in
- captivity. Three problems arise from this procedure. The
. first pertains to the reliability of the techniques used,
the second involves the'inflﬁence of external factors that
_are independent‘of age, and finally there j8 the question
whether tlLe extrapolation from captive'data to the wild is

a valid procedure.

The bénk vole, Clethrionomys glareolus, Schreber 1780,
was chosen in the present study to answer these questions
and to see how it fits in with previous work and with

methods mainly spplied to large mammals.
The purpose of the present study was to:

1. Apply age determination methods‘(used successfully on
large mammals) to the bank vole to assess the possibility
of using these methods on small mammals. (Attempts héve
been made previously, with equivocal reeulta)

2. Assess the relative accuracy and reliability of the

methods employed.

-

_3. Determine whethef or not the fundamental principles uPOn
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which these methods are based are liable to be affected
by'factéis ( e.g; environmental ones) which'are indepen-'
dent of age. | v ' |

4. Discuss whether-exfrapolation‘from captive animals to the
wild is valid, bearing in mind that this has been done in

the past.

The épecies Clethrionomys glareolus is Qne of thé
commonest mammaliaﬁ speciés in Britain. Its world distribution
is from Great Britain through Europe, Asia,_Asia Minor,»to
Japan (Walker, 1968). In Britain, it occurs in deciduous"
woods, hedge rows, scrub, and parkland all over the country
(Barrett-Hamilton & Hinton, 1910-21 ; Matthews, 1952 ;

" Southern, 1964 ; and Van Den Brink, 1967) . :
Five subspecies occur in Great Britain (Southern,1964).

C. g. britannicus (Miller) lives oa the mainland. The other

four subspecies are island forms. One of these is C. g.
skomerensis (Barrett-Hamilton) found on Skomer Island, Pem-

~brokeshire.

The mainland benk vole and the Skomer vole, wére the |
subject of the present study.

c. g..britannicus is generally distributed over the
-British méinland (Southern, 1oc.cit.); A Tull description
of it has been given by Barrett-Hamilton & Hinton (loc.cit. ).
Other authors have'publighed work on the species which was

mostly taxonomic ( e.g. Hinton, 1926; and Steven, 1953 &
1957). | | '

Habits, habitat, behaviour and breeding in captivity
~ and some other aspects of its life were studied by Baker

(1930); Miller (1954 & 1955); Deleny & Bishop (1960); Bishop
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& Delany (1965), and Tanton (1969)
Other aspects of the life of Clethrionomys such as

population dynamics, age structure, and morphological

studies have been studied by many investigators. Zejda

made the largest centribution in these studies (1959, 1961,
1964, 1966, 1968, and 1971), in addition to many other
authors such as Wasilewski (1952); Manning (1956); Haitlinger
(1965); and Kubik (1965).

Reproduction aﬁd growth of reproductive organs of C.-
glareolus in Britain have been studied by Rowlands (1936),
Brambell & Rowlends (1936), and Coutts & Rowlands (1969).

Pucek et al (1969) estimated the maximum life span of
. C. glareolus in Poland and Czhechoslovakia to be between

17 and 21 months. While Lowe (1971) found that the mainland
bank vole in Britain may live up to 24 or 25 months.

Ageing of C. g. britannicus was studied by Lowe (loc.
cit.). He used root length of the first lower molar for
this purpose. Before him, Delany & Bishop (1960) found the

anterior root of the third upper molar a useful guide to

determine the age of C. g. britannicus and two other sub-

species.

The Skomer vole is confined to Skomer Island. It is
believed to be derieed from Ordinafy mainlend stock ,
introdused accidently by man (Corbet, 1961), and a historical
review of its taxonomic status was given by Jewell (1965). |
Saunders (1961) recorded'some notes on its habits.'Fuliagaf
et al (1963) estimated the population size, and Jewell |
(1965 &'1966) worked on population, bfeeding, and some
other aspects of the life of this subspecies.
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Information concerning age'determination in the Skomer

vole is lacking.

Molar root development has mainly been used for deter-

mining the age of the bank vole. Molars in Clethrionomys

have one open root which at a definite age becomes divided
into two foots‘(Southern, 1964). These roots grow throughout
Atne vole's life, and theirklength corresponds to the VOle'é
age. Many investigators have used this character as an
‘ age indicator in this genus. The first lower molar has
usually been emplyoed, but the second and third upper molars
have alsc sometimes been used ( Zimmerman, 1937; Wrangle,
1939;. Prychodko, 1951; Wasilewski, 1952; Koshkina, 1955;

Ze jda, 1961; Shaw,:1959; Mazsak, 1963; Haitlinger, 1965;
Tupikova et al, 1968; Pucek & Zejda, 1968; and Viitala,1971)

Few attempts have been made to f£ind other technigues
to determine thé age of Clethfionomxs. |
" Askaner & Hansson (1967) examined the dry weight of -
the eye lenses in g;gggg;ggggxg rufocanus and C. rutilus
in Norway, Finland, and Sweden as age indicator. Le louarn
(1971) studied the monthly increase in the dry weight of
the eye lenses of C. glareolus in France. | |
Fedyk (1974 c¢) used the water contents of the body of
C. glareolus to detérmine the age of voles during the first
| 3 months of their life with an accuracy of % 14'days. . |

Linear measurements, fusion of epiphyses, moult, the

'baculum, and tooth wear have not previously been used as

precise age criteria in Clethrionomys .
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I.3. Materials

A. Laboratory populations:

a. The mainland'bank vole,'Clethrionoﬁys glareolus brita-

nnicus . (Miller):

A breeding colony of wild mainland bank voies, collécted
in the vicinity of the Botany Department, qulogy Dept., and
the grounds of Rbyal Hollowey College , Surrey, was estab-
1ished during November and December 1972, and January to
May 1973. Offspring ot these wild voles were also used as
breeders. Bisexual pairs were maintained in plastic cages
covered by mesh 1lids and provided with small doors to enable
the voles to be handled. These cages were 40 cm by 25 cm by
20 cm deep. Peat and hay were used for bedding and nesting.
Each cage was provided with commercial rat food (Formula 86
of Cooper Nutrition Products Ltd.), and water. |

Fifteen breedingApairs formed the fougdation stock,
followed by 30 others}which were all, the oftrspring of fhe
first breeding group.

Not‘all the females were fecund, many of them did not \
breed. The breeding females were weighed weekly. The pregnant
ones ﬁere checked daily until they gave birth. Bécause the |
male did not harm the young, hé was left in the cage'in o
order to gave the péir another chance to copulate soon after

parturition,

The IaboratoryAbérn voiés, which were used as breeders;
were kept in pairs when they were 5 to 6 weeks old.

Usually the Juveniles were removed from the cage br
~their parents, when they were 3 weeks old. But if fheir

?other gave birth to another litter before that time, they -
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were remofed immediatly. Even when they have been left with
their parents and the new young, however, they have not
“harmed them. . '
All the voles were sexed and marked wheh they were 2
to 3 weeks old. The toé-clipping method was used for thié
purpose (Fig. 1). |
Bank voles are docile animals and it is easy to héndle
' them;»Théy are not aggressive; sometimes they bite but this
is usually in defence. '
| All the voles were kept in an air-conditioned room |
with a temperature of 55° to 70° F and a photoperiod of 12
hours per day. The cages were cleaned every 1 to 3 weeks.
Qtud&ing the age of the mainland bank vole was based
on a sample of 199 knowﬁ-age animals, (94 females and 105
males). A schedule was made for killing th2 voles (Table l);
Additional voles have not been included in the schedule.
They were kept to substitute for the voles which died prior
to attaining the desired age. '
The sample was composed of 33 age-group samples exfend—
~ing in age from 5 days to 18 months. Each age-group sample
was planned to'be‘derived from mixed parentage ahd composed"
: of a ﬁaximum of 17 voles including males and fémales. In
some later ages it was composed of 4 or Sivoles only.
A reéord was prepared for each v61e~onto which thg data
- were put (Fig. 2). The record bore the identity of the parents,
litter number, and litter size, in addition to ail the othef |

data which were taken for each vole.
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Fig. 1. A diagrém for the ventral side of a vole,
showing the toe-clipping system, used in
the present study. ' '
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Table 1. ‘Schedule for killing the mainland bank voles énd '

Skomer voles:

Age/ . Mainland . Skomer vole .- Experimental Released
days . bank vole : mainland vole mainland vole

M F M P M F M F

(o)

[

[y

o
00 G 00 20 G D0 1 O3 U1 G 03 20 CA i U120 €A CR ~T 00 CA 20 > CR =T &3 20 20 CA 0
20000020 il 20 00 i 1 UTDD G G GY G 0O 20 1> 1 20 DO °CR i G D0 &> DO 2D 20 20
€A 20 20 G 20 G 20 CF G €A GA > G DD G320 20 U1 00 O3 20 ~T 09 A 20 1> 20 20 20 00 G CA 1
HOWHNDDGO MDD L I AN 0120 D0 23 1) 200 H -
T IHFDFADODOOD I DI ITVDONOR IV L L LTI
ll[llllemamHlml&lmemHmHjlllllll
| I T U T T T T T T X I R T T N TR T R T N O N S S R U |
O O I O O R O O R N A T N IR SO R B R IR O T U T T T

540

M: male

¥: female
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Pérents' No ‘Litter size Litter No
Spccieé: - ‘ | | No: |
Date of birth: Date of death: Known age:

Manner of death:

Body weight: 1. Whole 2. Eviscerated:
Lens_weight: 1. - 2o - Total:
HB 1. T | E . HP

‘Skull 1. Zyg. breadth . L. jaw 1.

Lower molarsg Upper molars
1 2 3 1 2 3

. EmE e S ES S S EE RS EE RS NS EES A EE WS R e R S G B S G Eme e B A B M S RS A ma mE eSS S

neck & root
length :

Fig. 2. A record onto which the data of every vole

were included.
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Bank voles were killed with chloroform ﬁhen they
reached the required age in days. Each vole was then weigh;
ed. The eyeballs were removed and preserved in 5% formalin
for hardening. The standard body measurements were recorded
in mm. These were: head-body length, tail length, ear pinna
.iength, and hind foot length.

The abdomen was then opened and the alimentary canal
with the‘liver~were removed, and then the vole was weighed.
This weight wasg the eviscerated weight. |

The body was skinned, the pelt was pinned out on a8 cork
board for drying.'

 The skull was separated from the wholz body and cleaned.
The whole body was then preseved in 70% Alcohol forlfurther

gtudies.
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‘b.'The Skomer vole, Clethrionomys glareolus skomerensis

(Barrett-Hamilton):

- Thirty thrée Skomer voles ( 8 females and 25 males)
were‘trapped by ﬁe on Skomer Island, Pémbrokeshire, during
the beriod 13 to 16 May 1973. Another 16 females were
collected during 25 to 27 Auéust of the same year and
provided by T. D. Healing. '

Fifteen'breeding péirs were established and their
offspring were also used to supplement the breeding colony.
All were kept in the same robm and under the same conditions
as the mainland bank vole. " |

' The Skomer vole was used fér a parallel study of the
same age-related characters under investigation in the
mainland bank vole. -

Studying the age of the Skomer‘voie_was based on a

‘sample of 169 known-age specimens (77 females and 92 males).
This sample was composed of 33 age-group samples eiténding

in age from 5 dasys to 18 months (Table 1).
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B. Experimental laboratory population:

Food was assumed to be a faétor which ﬁight_affect fhe
criteria of age determination. A low-calcium diet was selec-
ted to study its effect on growth of teeth and bones, as
these twb criteria aré most likely to be affected by this
diet. It contained less than half the amount of calcium

(0.45% gm Ca) that was used in the usual food (1.10% gm Ca).

Thirfy bank voles (12 females and 18 maleé) were given
£hellow-ca1cium food when they were 19'to 22 days old. They
were kept in cages which contained only peat. Hay was not
provided in order to be sure that they would not chew it.
Biseiual pairs were put together for breeding and were kept

under the same conditions as the other bank voles.

A schedule was.prepared to kiil tﬁese voles when they
reached the desired age (Table 1). The sample comprised
60 voles (25 females and 35 males). It was divided‘into 20
age—grouprsamples eitending in age from 21>days to 14

months.
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C. Field population:

‘To field-test the techniiues, a total number of 73
laboratory-born mainland bank voles were released sub-
sequehtly in two enclosures which were build in the gardens
. of thé Zoology Department. The first enclosure was 4 m:long,
3 m wide; with sides 1 m high, and 0.9 m deep under the
ground surface. The second enclosure was 6. m by 3 m by
(1m+0.9m), (Fig. 3). |

Not more than 10 voles in the first enclosure, and 16
voles in the second, were released at the same time. The
voles were 21 to 23 days oid when they were first released.

‘Water and extra food pellets were provided in the two
enclosures. Eight open'longworth small mammal t?aps (Chitty
and Kempson, 1949), were put in the fipst enclosure, and
15 in the second. All were filled with hay and food in
order to get the voles used to entering them, so that re-
captﬁriﬁg the voles would bé easy. All the traps were
cléaned and refilled every fortnight. A schedule for killing
the voles-was prepared and thevtraps were set to capture
and sacrifice any vole that reached the required age
(Teble 1).



Fig.

3. The two enclosures into which the lahoratory-

hom mainland hank voles were released.

24
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D; Treatment of the data:

Numerical data weré treated the same way for every
measurable character. Student's % teéi was applied to com—
pare the means“of males ahd females, to see if any diffefence
existed,‘ ‘ »

For each agé-group sample, the mean of thé measurement
under 1nveétigation, standard deviation (S.D.), and standard
error (S.E.) were taken. Variability of the measurement
within each group sample was computed and represented by
the coefficient of variation (V), and 95% confidence limits
were attached to the mean of the measurement of every group
. sample. The correlation coefficient (r) between age and ”
growth of every measuregble character was computed. Bishoﬁ
(1966), Jarman (1970), and Parker (1973) were used as
statistical references.
| Numerical data are presented in appendices. Graphs

have been drawh based upon the data mentioned above.

The data afterwards treated in a different way in
order to estimate the age by giving numerical results.

‘To eétimate the age acéording to a certain measurable
charaéter.(e.g. body weight), the whole sample was divided
-into groups, each containinglanimals of the same weight.
Thus, animals weighing 14 to 15.9 gm, irrespective of fheir
age, formed one group. All other characters were treated |
in a similar way.': |

The mean age for each siie-group sample was obtained
from the known ages of the voles comprising each group.
‘Standard deviétion, standard error, and coefficient of

variation were computed and 95% confidence 1limits were



attached to the mean age. Therefore, results were accurate
with a probabllity of 0.05. Data are presented in tables,
one table for each measurable character including:'body
weight, body measuremeﬁté, skull measurements, molar root
length, molar crown height, and dry weight of the eye lens

for the mainland bank vole and the Skomer vole.

26
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II; 1. The body weight

A. Introduction and mefhods:

. 8. The whole body weight:

vThe body weight is the most obvious indicétion '
of size. If increase in size.is directly correlated with
increasing age, @hen size may be taken as an age index.

Body weight has long been used to discriminate between
age groups in a population of mammals.

To examine with what accuracy this method may.be app-
lied to fhe genus Clethrionomxs; it has been employed
throhghout the present-study; A torsion balanée was used
to weigh'the voles, to the nearest 0.05 gm, immediatly
after they were killed (pregnant females were excluded).
To supplement the data, weights of live voles were taken
to the nearest 0.5 gm, at intervals through the first two
months of their life. Thé graphs include both live weights
and fresh dead weights.

"b. The eviscerated weight:

The whole body weight may fluctuate according to
the amount 6f food eaten by the animal. 8o removal of the
alimentary canal may reduce the variabiiity in the body
weights.-Thus, animéls were eviscerated and weighed on the
- same torsion Balance to see if:.

1. The eviscerated weights were less variable'than the whole
weights. |

2. The eviscerated weights were equally closely related to

age‘as were the whole weights.
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‘B._Resﬁlté:

a. Mainland bank vole:

a.l. grngp_pgng_pg the Eogy_wgighz'

Data for the weights of the lsboratory-born bank
voles are presented in Fig. 4 and Appendix 1. The differen-
ces between the sexes for this character were not signifi-
cant, (tgy= 1.2, P20.2), and therefore, the values were
combined. | ' | _

Bank voles grew very quigkly and the growth curve
rose steeply during the firsf month of life. The average
weight at birth was 1.64 gm, and it increased to a mean -
weight of 13.9 gm at the age of one month. The body welght
up to the age 6f 35 days wés highly correlated with agel
(r=0.95). The standard deviation of'the mesn and the
coefficient of variation, of each age-group sample, within
the.range of this age, were not high (Appendixhl).-

After the age of 35 days, growth slowed down, and fhe}
voles reached an avefage weight of,l7 gm at 2 months, 18
. gm at 5 months, and 20.5 gm at 4 months. The weight after
this age was_more variable, but the means remained fairly
constant, and on the grabh, 20.5 gm was the average weight
of 8 months o0ld voles, the same as for 4 months old.

The body weight increased faster above'the age of 8
months. The heaviest weights were usually found between
voles ageing 9 to 15 months. The average weight was 24.88
gm for 10 months old voles, 25.74 gm for one year 0ld voles.

Over this age, the voles started to lose some weight,

. suggesting that they had reached senility. The subjective

" impression was gained that activity became much reduced

above this age. The mean body weight for the 16 months old
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voles was 22.73 gm. It was 26.03 gm for 17 months old, and
21.98 gm for 18 months old ﬁoles. - ,

The correlation coefficient for the body weight start-
ing at the age of 5 days up to 18 monthsAof life was 0.74.

The varisbility within each age-group sample was high.
The highest (v being 24.3) was smong the 100 days old voles,
and also among the 7 and 9 months old voles (v=22.5 and 22.4
respectively).

The varigbility was lower among the young, and the very
old voles, (eeg. v=10.29 for 14 days old voles; 12.54 for
21 days old; 11.84 for one year old; and 10. 29 for 16 mohths
o0lé voles). This might be because the young were all growing
at the same rate, and.because the old animals had already
attained adult size and were less active. Therefore, the low
varigbility in both groups was the resﬁlt of indiyidual |

varistions only.



31

* e oﬁ. JO 9DPTS US®d UO SITWIT 90UOPTIUOD £/Gh
Quo mpnwmo.umoh SUTT TEOTIJIPA 93 pue .dmms au3 wuaomonmon Jelg SYJ +OTOA UWeq PURTUTEW oy3 JO0J SAIND a.tso.nm o 313

o A ' (SAvd) 3oV
009 00§ ooy 00¢ 00z 001 0S 0
i A A L 'l A A 0
14
,t.v
* |
Y
+ 8
oL
. 1 u s
3
+ "z
: * o T
| 8
. 81 <
+
v I0C W
+ i ke S
2 =
vz
* I 4 * * o
] 9z 3
‘ﬁ . 8z
0t
A




32
‘a.2. Estimating the_age from the body weight:

In an attempt to £ind how reliable the body weight is,
as a character for determining the age of the mainlend bank
vole, the whole sémpie was arranged inté 17 groups according
to their body weight.»

In this case, the body weight was assumed to be the
independent variable (x axis), and the dependent age was
calculated from the known-age voles comprising each group .
and having the same body weight.

. Standard deviation, standard error of the mean, and
the coefficient of varistion were taken for esach size-group
and,gare presented in table 2. _

Because indifiduallvariations were low during the first
month of life, volés having this age were arranged into 12
groups according to their body weight. These groups included
46% of the whole sample. They contained voles weighing less
than 14 ga. The accuracy for estimating their age was high.
The remainihg 54%.of the sample included voles aboveAthe
age of 35 days, and weighing more than 14 gm. They were
" divided into 5 groups only, because.the overlep of data.

- was very high. | | ‘

The highest variability, occur}ed between the weights o
14 to 23.9 gn (groups 13 to 16). The highest coefficlent of
'variatioﬁ (70.8) occurred between voles weighing 18 to 19.9

(group 15)'representing a range of age 30 to 540 days
and an estimated age range of 106 to 182 days, with a pro-
bability of 0. 05,

The accuracy for estimating the age of voles weighiné

more than 14 gm was low because of the high variabilit& that

- occurred above this weight. This result rendered the body
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Table 2. Numerical data for estimating the age of the main-
land bank vole from the body weight:

G. Body W./ P. O.Range/ MeantS.E. s.D. V. CEstimated age
No gm?y / . days o : range/95%c. 1.

9 at birth - - - - -

1 1-.1.9
2 3- 3,9 13 b5 day old 5.0+ - - - 5 day -old
3 4- 4,9 18 5~ 7 7.0+ 0.10 0.46 6.54 6.8- 7.2
4 5=« 5.9 26 7- 10 10,0+ 0,18 0.96 9.62 9.6~ 10.4
5 6- 6.9 12 10—~ 14 12.6+% 0,54 1.89 15.00 1ll.4- 13.8
6 T7- 7.9 7 10—~ 17 12.7+ 0,96 2.565 20.00 10.4- 15.1
7 8- 8.2 12 l4a- 21 16.8+ 0.48 1.68 10.00 15.8- 17.9
8 9- 2.9 12 17- 24 19.8+ 0.75 2.61 13.18 18.2- 21.5
9 10-10.9 17 17- 30 21.8+ 0.93 3,83 17.57 19.8~ 23.8
10 11-11.9 8 21— 24 22.5+ 0.53 1l.50 6.60 21.3- 23.8
11 12-12.9 14 - 17- 60 31.0+ 3.38 12.60 40.64 23.7~ 38.3
12 13-13.9 11 21- 60 35,9+ 4.09 13.56 37.77 26.8- 45,0
13 14-15.9 31 24-180 59,0+ 7.36 41.00 69,49 44,0- 74,0
14 16-17.9 39 30-270 74,9+ 7.98 49,80 66.48 58.8- 91.0
15 18-19.9 30 30-540 144.0+18.60 101.96 70.80 106.1-181.9
16 20-23.9 50 42-540 215.5+17.67 124.95 57.97 180.0-251.0
17 24-35.9 37 100-540 367.9+25.00 109.60 29.79 - 317.4-418.4

G.No: Group Number

O.range: Observed range

F. : Prequency
- S.E.: Standard
S.D.: Standard deviation
V. : Coefficient of variation ,
: Data for this weight were not available

%

error
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ﬁeight uselegs as an age criterion in voles heavier than

14 gm and therefore older than 36 days (Table 2).

b. Skomer vole:

b.l..gpngq~ngxq_q£ jkflngx_wgignfz
Data for.the bedy welight of the laboratory-born

Skomer volee are presented in Figs. 6 & 6, and Appendices
2 & 3. The differences between the sexes up to thé age of
35 days, were not significant (t14=0.86, P>0.3), and the
data were combined for both of them. Above the sage of 55
‘days, the differences were found to be significant, (t46=5.06,
P<0.001) , and the data were treated separately for each.

Skomer voles, as the mainlsnd bank voles, grew very |
quickly.during the first month. They started thelr life
-with en average weight ofA2.2'gm, and grew to an average
weight of nearly 20 gm at the age of 35 days. Age, during
this phase, was highly correlated with the body weight,
(r=0.98), and the sex differences were not obvious.

In voles above this age, there was some body weight
vaiation, depending upon the sex. This was obvious starting
at the age of 2 months onward which is also the time at
which they attained sexual maturity. The males over 2 months
gained weight faster than the females.

';Until the age of 10 mdnths, growth in the females was
very slow. The average weight throughout this period ranged
between 19.5 and 23 gm only. A sick abnormally heavy female -
(which had one of her uterine horns enlarged) raised'the

mean weight for 7 months old enimals to 25.7 gm. The

females, at and above the age of 10 months started again
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fo gain some weight. Tﬁey reached an average weigﬁt of 24.7?
gm when they were one year old, 24.45 gm at 14 months and
26.75 gm when they were 17 months old.

The increase of body weight in the males was faster
than in the females. To make it easier to understand, the
growth in the body weight of the males was divided into
four stages. |

The first stage ended at the age of 35 days with an
average welght of 20 gm. The second stage ended at age 165
days. Ail the mean weight in this stage ranged between 22
to 26 gm with one excebtion at age 90 days; The third
stége included voles up to 330 days old. Their méan welght
ranged from 28 to 31 gm. The heaviest male voles were found
at the age of one year onward. All the male voles of this
fourth stage weighed more than 30 gm. |

In spite of the body weight increase being regular
and highly éorrelated with age (r=0.75'in females and 0.74
in males, 5 days to 18 months old), a high variability
could still be found within each age-group sample.
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The whole sample was divided into two main groubs
according to the body weight. The first main group included
all the voles up to 17.9 gm weiéht. bafa for the sexes were
combined as no sex variation in weight were found. This
group was divided 1nfo 8 groups (Table 3, groups 1 to 8),
according to the body weight of the voles. '

The second main group included all the voles above
the weight of 18 gm. Males and feinales were separated as
differences between the sexeé started to appear at this
welght, Fgmales belonging to thls main group were divided
into 5 groups and the males into 6 groups, all accofding
to their body weight. Data were treated as before (Table 3).

Varisbility in the dispersion of the males and females
according to their body weight was not high within.the |
first main group. (groups 1 to 8), (v=7.88). The highest
variable weight value (v being 13.09) was 16 to 17.9 gm,
corresponding to an average age of 29.8 days with an
accuracy of +4.8 days (group 8). ‘

Variability was higher in the second main group (groups
9 to 14Y, (v=48.95). Moreover, body weight was more variable
in females than in males. This is probably due to the |
‘females being smaller in size, and therefore growing more

slowly, so that overlap of the data can be expected. There.

were only two females (10 & 15 months old) out of the whoie A'_

sample, which weighed more than 30 gm (30.3 gm), while 12 -
males were found to exceed this welght, extending in age
from 180 to 540 days.

The.most variable weight vélue which gave the lowest .

accuracy for estimating the age of female Skomer voles



Table 3. Numerical data for estimating the age of

female Skomer vole from the body weight:

39

male and

379.1+25.63

G. Body W/ P. O.Range/ MeantS.E. S.D. V. Estimated age
No gm days ' : range/95%c. 1. .
1l 4- 4.9 9 5~ 7 5.2+ 0,22 0.67 12.88  4.7—- 5.7

2 5- 5,9 8 5= 7 6.8+ 0.25 0.7l 10.52 Be2= Ted
3 6- 7.9 8 10 days 10.0x - - - 10 days

4 8- 9.9 9 14~ 17 14.7+ 0.44 1.32 9.00 13.7- 15,7
5 10-11.9 6 17 days 17.0+ = - - 17 days

6 12-13.9 4 17- 21 20.0% 1.00 2.00 10.00 16.8- 23.2
7 14-15.9 3 21- 24 23.0%+ 1.00 l.73 7.52 18.7-= 27.0
8 16-17.9 5 24— 35 29.8% 1.74 3.90 13.09 25.0- 34.6

Female
- 9 18-18.9 6 30-100 66.7+12.82 31.41 47.11 33.7- 99.6
10 19-20.9 14 35-180 92.5+14.15 52.93 57.22 61.9-123.1
11 21-22.9 17 25=390 192.3+27.88 114.96 59.78 133.2-251l.4
12 23-24.9 7 E0~420 257.1+b4.62 144.51 56.20 123.3-391.0
13 25-30.3 12 165-540 406.3+32.06 111.05 27.34 335.7-476.8
Male )

gb18-19.9 5 30- 60 37.0+ 5.83 13.00 35.14 20.8-~ 53.2
10b20-20.9. 4 35-100 68.0+13.90 27.80 40.88 23.8-=112.2
11b21-23.9 153 35-165 88.8+13.03 46,97 52.91 60.4-117.2
12025-27.9 19 60-450 194.0+28.57 1l24.55 64.20 134.0-254.0
13628-29.9 11 80-510 221.8+44.12 146.34 65,97 123.4~-320.2
14b30-37.9 22 180-540 120.19 31.70 325.8-432.4
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was 23 to 24.9 gm (group 12). It had a mean age of.257.1
days and ifs gccuracy'wés +133.9 days under the probability
of 0.05. This low accuracy was mainly due to the small
sample size, as thelcoefficient'of var;ation for this group
- was as high as for groups 10, 11, end 13.

The most variable value in the body weight of the
males was 28 to 29.9 gm. Because of this.Variability males
having this weight would have a minimum age.of'123.4 days,
a maximum age of 520.2 days, and a mean age of 221.8 days.
Variability was also high in male voles weighing 21 to
29.9 gm (groups 11b, 12b, and 13b).

The variability in body weight of voles older than
one yéar was low (v-being 27.34 for the females =-group 13-,
and 31.7 Pfor the males -group 1l4-). o

Accuracy for.estimating the age of voles weighing
more than 18 gm, and less than, 25 gm‘in females and 30
gm in males, was low. This result rendered the body weight
useless as an age criterion in voles 1qcating within this

weight range.

C. Eviscefated weight:

Data f&r the eviscerated weight of the mainland baﬁk

" vole andvthe Skomer vole were plotted-against the data for
the whole body weight. The correlation between the two
values was very high (r=0.997 for the mainland bank vole,
and 0.93 for the Skomer vole). Therefore, using either of -

them as an age criterion would give the same result.
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C. Discussgion:

Using the body weight as a means for age determination
has beeﬁ discussed by many authors wérking on different
species of mammals. Most of these studles were on wild
populations. Most authors say the body weight is no good
as an age criterion, for different reasons. In the muskrat

(Ondatra zibethisus), for instance, the body weight is

indicative of age, but the high level of individual variation
severely reduces its value for accurate age determination
(Alexander, 1951, and Schofield, 1955). Variations occur'.
according to season, for example in the body weight of

Apodemus flavicollis and A. agrarius (Adamczewska-; 1961,

and Adamczewska-Andrze jewska, 1973 respeciively), and in
Lepus timidus (Flux, 1970).

Soﬁe other authors recommended the use of body weight
to determine the age of several species-of mammals. Lueth
(1963), for instance, used the body weight to determine
the age of different species of deer in Alabama, in prefe-
rence to using the eye lens weights, for both gave egqually
ugseful results. | : |

The body weight of laborétory-raised small mammals-
has also been discussed but not recommended as an age
criterion by several investigators. Chipman (1965), for
instance, recorded that the body weight of the cotton rat
(Sigmodon hispidus) was the factor least related to age
and the most variable measurement. Lidicker &MidcLean
v(1969) used a variety of criteria in their formulae for

estimating the age of laboratory-raised California voles

(Microtus californicus), but, avoided the body weight.

The growth and bodyAweight_of the bank vole have beeh
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aiscussed by mahy authors. Most of their studies dealt with
fie1d populations, e.g. Wasilewski (1952); Koshkina (1955);
Kubik (1965); Haitlinger (1965); and Zejda (1961, 1964,
1966, & 1971). All agreed on the presence of individual,
geasonal, and sexual variations. Moreover, Zejda (1971)
rejected the idea of using the body weight as an age cri-
terion. He showed a closer correlation between growth and
sexual activity than between growth and-cge. _

The body weight and growth of wild populations cf
British bank voles have also been discussed by many authors,
€. 8- Brambell & Rowlands (1936); Steven (1957); Delany &
Bishop (1960); Fullagar et al (1963); Southern (1964);
Jewell (1965 & 1966); and Tanton (1969). Most of them gave
discriptive data and also average_weights of young and
adult specimens, while others, such as Southern (loc.cit),
considered the wcight as a factor subject to seasonal
variations. Voles caught in summer were said to be heavier
than those trapped in winter.

‘The results obtained in the present study, for body
weight, can be used to determine the age of bank'voles :
with an accuracy which differs according to the weight of
the animal (Tables 2 & 3). Accuracy is high if the vole's
welght 1s less than 14 gm in the mainland bank vole and
less than 18 gm in fheASkomer vole, reprecenting a maxi-
mum age of 60 days for the former and 35 days for the
latter. Once voles reached a weight of 14 and 18 gm reg-
~pectively, variability started to increase and accuracy
for estimating their age diminished. The accuracy for the
mainland bank vole was % 37.9 days at the weight 18 to 19.9

gm; + 36.5 days at the weight 20 to 23.9 gm; and + 50.5 days
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ét the weight 24 gm and more. In Skomer voies, accuracy was‘
+ 33 days for females and + 16.2 days for males at the
weight 18 to 19.9 gm. It reached + 133.9 days iﬁ females
weighing 23 to 24.9 gm. The less accurate results for the
Skomer vole were most likely due to the small sample size,
especially, after thé females were tfeated separately from
males, since, in general the growth of the Skomer vole was

found to be more regular than the mainland bank vole.

Environmental factors; including seasons, have been
excluded under laboratory conditions. Food was the only
external factor which affected body weight. But in spite
of coﬁtrolling the envirommental conditions, i.e. food and
tempefature, through the whole year,-the variations between

individuals of the same age were s3ill high.

Jewell (1966) in his study on the age structure of
a population of the Skomer vole, dividéd the sample intb
3 age categobies namely, Jjuveniles, immatures, and adults.
His division was based on the sexual status of each indi-
vidual. His results on correlating the body weight to these
age categories showed that all,thé Juveniles had albpdy .
'weight'range of 8 to 19 gm, though some weighed up to 24
gm. The immature voles had a weight range of 18 to 28 gnm,
and some weighed 24 to 43 gm (excluding pregnant females).

The laboratory-raised Skomer voles huve limited,
Juvenile and immature stages, ended during the third month
of 1ife, the time when they became sexually mature éﬁd |
started to breed. iThis took place regardleés of the date
of birth. Their weight when they reached this stage fanged
from 18.6 to 23 gm in females and from 19.4 to 29.6 gn in

males (age 60 to 90). This weight is similar to the weight .
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of field immature voles recorded by Jewell (loc.ecit.).

It seéms that since the seasonal factors were excluded
undef the laboratory conditions, voies breed soon gfterA
reaching sexual maturity gt a definite age with no envi-
ronmental stress. While’field voles, in contrast, are
always at the mercy of environmental conditions, and even
if they reach the age of sexual maturity they may not breed
because of the external environmental conditions. Therefore,
- the immature voles in Jeweli's sample.are the new sexually
mature voles in my sample. Both of them have similar body
weight. They have not stafted breeding, mainly because
that they have nct reached the age of maturity.' _

'The body welght of the Juveniles was similaf in both
samples and therefore results of the present study can be
épplied on wild voles having the Jjuvenile welghts.

The adult voles in Jewell's sample (the sexuélly
mature) included all voles above a body weight of 28 gm,
though some of them weighed down to 23 gm. The values
overlapped with those of the immature voles, which in turn
reflect the variability of the body weight as an agé cri-
terion. |

The results of comparing the twd samples showed that
the body weight is a useful age criterion in Jjuvenile voles. H

Variability was hlgh in the body weight of voles above
that stage.. '
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II. 2. CGeneral body measurements

A. Introdﬁction:

Generally speaking, body-size in animals is directly
correlated with age, but often only up to adulthood.

In mammals, certain linear measurements are usually
taken in order to study the increase in their size. These
are: head-body length (HB); tail length (T); ear pinna length
(E); and hind foot length (HF).

These classical measurements have mainly been used.for,
taxonomic purposéé. They were also used for the ageing of
different species of mammals, (e.g. the cotton rat (Sigmodon
hisgidﬁs), Chipman, 1965; the California vole (Microtus
californicus), Lidicker & McLean, 19569; and the striped

field-mouse (Apodemus agrarius), Adamczewska-Andrze jewska,
1973 b. | | |
I investigate the validity of this.method for determin-

ing age in Clethrionomys. .

B. Methods: A
Jewell & Fullagar (1966) reviewed the different
methods which are used for taking the standard measurements
of small rodents. |
The method which was used in the presént study was
partly similar to that of the British Museum (Natural History)
mentioned by the sbove authors. The measurements were taken o

Immediatly after the voles had been killed. In ordér fo

measure the length of the head & body, the vole was laid
prone on a ruler which was accurate to lmm. The base of the

tail was held with a palir of forceps to detect the end of |
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the body. Fingers of the other hand were placed over ther
head preséing it gently in qrder to hold the animai firmly
in position. In this way the body was straightened out
without being streched. The length was taken from the tip
of the snout until the base of the tail (Fig.7).

The tall length was téken from its base -
to its free end, excluding the free tip'héirs.

The ear pinna length was taken from the base of its
nbtch to the highest point of its free edge.

The hind foot length was the distance between the
calcaneum and the end of the-longest-toe,.excluding the

claw.

C. Results:

a. The mainland bank vole:

Results on the growth of the head and body, tail,
ear pinna, and hind foot of the mainland bank vole wefe ‘
analysed. Datanor the two sexes were combined, because no
significant differences were found, (HB: t64=0.41, P>0.6;
T: 64=0.35, P>0.7; E: t64=0.25, P> 0.7; HF: £64=0.89,
P>0.3). |

- a.l. The head-body length:

a.l.a. Growth curve of the head and body:

Data for the growth of the head and body of the main-
land bank vole are presented in Fig. 8 and appendix 4.

It is obvious that the head-body length increased
very quickly during the first two months of the vole's life.

-Its length averaged 45 mm at the age of 5 days, 61.75 mm
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Pig. 7. A diagram for a vole showingAthe body

measurements which were studied.
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at two weeks, 77 mm at one month and 82.5 mm at 42 days.
The correlgtion coefficient up to the age of 42 days was
0.91. | ' |

Above this age the growth of the head and body slowed
down. Its average length was 87 mm at the age of 2 months,
90 mm at 3 months, 93 mm at an age extending from 4 to 6
months, 95 mm at 7 to 8 months, and above 97 mm at the age
of 9 months onward. . |

The correlation coefficient for the whole sample was
0.66. The standard deviations and coefficients of variation

were found not to be high (Appendix 4).

— W WD tean  was  vews e e et e haap am e s Rem NS e em e e mmm e

To test the aoéuracy of heéd-body length as an age
indicator, and the variability of this ériterion, the whole
sample was arranged into 13 groups according td the length
of the head and body (Table 4).
| Varisbility within the first 8 grours and until a head-
body length of 87.9 mm #as reached, was not very high repre-
senting a maximum age of 110.1 dajs (group 8) with a proba-
bility of 0.05. Accuracy for estimating the age in voles
having a head-body length of up to 87.9 mm was high, -extend-
ing from 1} day for voles with a mean age of 5.7 days
(group 1), to + 18 days for voles with a mean age of 87.1
days (group 8). Variability increased in voles having
a head-body length above 87.9 mm. The highest variability
(v=59.05) was in voles with head-body length of 88 to 89.9
mm (group 9). The accuracy for estimating their age was
‘+ 30.6 dayé. Because of tﬁis fériability, voles with fhis
head-body length would héveAa maximum age of 124.3 days;‘
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-

Table 4. Numerical data for estimating the age of the main-

land bank vole from the head-body length:

s. D.

6. HB 1/ F. O.Range/ MeansS.E. V. Estimated age
‘No mm . - days range/95%c. 1.
1 40-40.9 6 5= 7 5.7+ 0.42 1.03 18.17 4.6~ 6.8
o 50-59.9 6 - 14 9.7+ 1.05 2.58 26.68 7.0- 12.4
5 60-69.9 7 10- 17 14.7+ 0.97 2.56 17.40 12.3- 17.1
4 70-74.9 '9 17— 30  95.6+ 1.43 4.28 18.17 20.3- 26.9
5 75-79.0 12 21- 60 34.1% 3.96 13.73 40.29 25.4- 42.8
6 80-82.9 O 24- 72 41.3% 5.37 16.10 38.95 28.9- 53.7
7 83-85.9 12 B35-120 59.5+ 7.8l £7.07 45.50 42.3= 76.7
8 86-87.9 10 60-150 87.1+10.17 32.17 56.93 64.1-110.1
9 88-89.9 15 42-210  95.7414.89 55.35 59.05 63.2-124.3
10 90-91.9 26 49-270 111.5+11.78 60.09 53,91 87.2~135.7
11 99-95.2 39 60-420 174.7+14.97 93.49 53,52 144.4-204.9
12 96-99.9 35 120-540 B303.4+20.82 123.16 40.59 261.2-345.7
13 100-109.0 27 180-540 347.8+22.20 115.37 33,17 302.1-393.5
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‘a minimum of 63.2 days and a mean age of 93.7 dayé.‘
Variability decreased in old age voleé. The accuracy
was + 45.7 days for a mean age of 347.8 days (group 13).
The average variability for the digtribution of voles
within each size-group was not véry high (¥=37.1).

2.2. The tall length:

e WS W S m e e et e mes  Gmw  wwe e

Data for the growth of the tail are presented in

Fig. 8 and Appendix 5. | | ﬁ

‘Theré was a slight sex difference in the tail length, 
with the males' tail being longer, between the ages 21 to -
120 days. This difference was statistically not significant,
‘and the data for the sexes were combined. |

The growth of the tail occurred mainly during the -
first six weeks of the vole's life. The tail increased by
28 mm during a period extending from 5 days up to 42 days,
(r=0.92). Since then and up to the age of 150 days, no
more than 4 mm were added té the tall length. The maximum
average tail length occurred at the age of 240 days. All
the tail measurements, starting from the age of 49 days,

have got more or lecss the same means, with a range of 40.5
to 45,7 mm. |

The correlation coefficient for the whole samplé was
0.56.

a.2.b. Estimating the age from the tail length: -

S M BUR WA KW MR em GG Dee AED M WNR e e Bme  wee  Wee e

To find out how valuable the taill length is és

an age indicator, the whole sample was arranged into 13
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:groups according to the tail length of the voles (Table 5).
Variability'within the first 7 groups was not very
high representing a maximum mean age'of 30.3 days, a maki—
mum age of 40.3 days, and a maximum‘tail length of 35.9 mm
(group 7). The accuracy for estimating the age of voles
with a tail length of less than 35.9 mm is high, eitending
from £ 0.5 déy for a mean age of 5.2 days (group 1), to |
+ 10 days for a mean age of 30.3 days (group 7).
Variability was wvery high in the distribution 6f voles
with a tail length of more than 36 mm. The most varlable
size group (v being 107.79) was 39 to 40.9 mm (group 9)
representing a mean age of 132.5 days, an observed age -
range of 30 to 540 days and an estimated age of 69.1 to
195.8 days. Data for the estimated age in groups 9 to 13
overlappedQ The high variability, along with the overlap
of the data indicate thatrit is of no value to use tail
length as an age indicator above the age of 6 weeks, and

above a tail length of 36 mm.



5.5. The ear pinna length:
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Data on the gfcwth of the ear pinna are presented
in Pig. 9 and Appendix 6. |
The growth of the ear pinna of the mainland bank vole
was found to be very fast while the vole was still in the
nest. It slowed down afterwgrds but continued to grow
until old age. |
The correlation coefficient for the whole sample was

0.57. It was 0.85 in voles 42 days and younger.

a.3.b. Estimating the_age_from the ear pinna length:

e e wmme s Uwem - wes mus L e S e —— Eem s e T mae  eue

The whole sample was divided into 13 ear-size
'groups and the data treated as before (Taﬁle 6)e.

. Varigbility in the distribution of the voles within
the first 7 groups was not high. The 95% confidence limits
were not attached to the mean age of groups 4 and 6 be-
cause the sample size was very small, Data on the esti-

-mated age for the first seven groups were not overlapped
and therefore, accuracy for estimating the age of voles .
locating within these groups, i.e. having an ear pinna
length of up to 10.9 mm, was high. The accuracy for esti-
mating their age extended from & 0.0 (groups 2 & 3) to .
t 7.7 days (group 7) with a maximum age of 40 days.
 Varisbility in the distribution of voles with ear
pinna length of 11 to 13 mm, was high (groups 8 to 11),
and accuracy for estimating their age was less than the
first 7 groups. The lowest being % 72.4 days for a mean
‘age of 255.6 days (group 11). |

54
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Table 5. Numerical data for estimating the age‘of the main-

land bank vole from the tail length:

G. T1l/ 7F. O.Range/ MeanzS.E. s.D. V. Estimated age
No mm days X range/95%c. 1.
1 10-13.9 9 5- 7  5.2: 0.22 0.67 12.84 4.7 5.7 |
2 14-15.9 10 7- 10 | 7.6+ 0.40 1.26 16.58 B.7= 8.5
3 16-20.9 16 lO; 14 10.8+ 0.40 1.61 14.98 9.9~ 11.6
4 21-25.9 10 10- 17 14.4+ 0.86 2.72 18.89 12.5-~ 16.3
5 26-30.9 11 14— 21 17.8+ 0.67 2.23 12.51 16.3~ 19.3
6 31-32.9 5 17-:30 23,0+ 2.95 6.60 28.70 14.8- 31.2
7 33-35.9 9 21- 60 50.3% 4.54 13,03 42.96 20.3- 40.3
8 36-33.9 31 21-240 55.7+ 7.59 42.28 75.89 40,2~ 71.2

9 39-40.9 22 ,30-540 132.5+30, 44 142.77307.79. 69.1-195.8
10 _41-42.9 44 35-420 142.4+14.98 99.35 69.79 112.1-172.6
11 43-43.9 24 49-450 185.7+25.57 195,29 67.47 132. £-238.6
12 44-44.9 19 60-480 197.4+30.73 133,95 67.87 132.5-261.9
13 45-54.0 60 49-540 251.2+17.54 135.89 54,11 216.1-286.2
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Table 6. Numerical data for estimating the age of the main-

land bank vole:from the ear pinna length:

G. EP 1/ P. O.Renge/ MNeantS.E. S.D. V. Estimated age
No mm days . range/95%c. 1.

1 3-3.9 10 5- .7 6.2+ 0.35 1.03 16.61 5.5- 7.0

2 4- 4.9 1 10 days 10.0x - - - 10.0 days

3 5-5,9 6 10 days 10.0t - - = - - 10.0 days
4 6-6.9 2 10~ 14 12.0+ 2.00 2.83 23.58 5

5 7- 8.9 6 14- 17 15.5: 0.67 1.64 10.58 13.8- 17.2

6 9- 9.9 3 17- 30 28.7f 3.76 6.51 27.50 *

7 10-10.9 15 17-.60 32.3+ 3.57 13.82 42.75 24.7- 40.0
§ 11-11.4 55 21-270 68.7% 8.48 50.18 73.08 51.5- 85.9
9 I5-11.9 16 30-240 86.7:15.52 63.09 71.62 53.6-119.8
10 12-12.4 55 B30-480 150.5:15.29 93.54 65.48 123.8-177.2
11125-12.9 18 60-540 355.6154.28 145.42 56.90 183.2-327.9 -
12 13-13.4 36 90-~540 323.3+20.77 124.65 38.55 281.2-365.5
13185-14.0 10 135-510 551.5:38.11 120.51 36.35 245.4~417.6

* The 95% confidence limits were not attached to the

mean age because the sample size was small..
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Variability sfarted to decrease again in voles with
ear pinna length of more than 13 mm (groups 12 & 13) and
“therefore, accuracy for estimating their age was higher,
being + 42.2 days for a mean age of 323.3 days (group 12),
and % 86.1 days for a mean age of 331.5 days (group 13).

Thé results show that ear pinna lengfh is a reliable
indicator of age throughout lifg, but voles can only be
agsigned to wide range age groups because ear pinna growth

is very slow.

a.4. The hind foot length:

- Wat Gns MME wan Wma cms YR PMe BN wwe mms  Wme

Data for the growth of the hind foot are presented

in Pig. 9 and'Appendix 7. | | |

It was found that the growth of the hind foot was
completed when the voles were 6ne month old. The correlation
coefficient until the age of SO doys was 0.82. Above this
' age, no correlation was found between the age and the hind
foot length, (» being 0.04).v The correlation coefficieﬁt
for the whole sample. was 0.43.

a.4.b. Estimating the_age_from the hind foot length:

It was rathér_difficult to arrange the voles into
groups accofding to their hind feet length as the latter
ceased to grow after the first month of life. The-highv
variability startedvfo appear at a hind foot length of 15

to 15.9 mm (Table 7), and continued to increase onward

~
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Table 7. Numerical data for estimating the age of the main-

land bank vole from the hind foot length:

G. HF 1/ 7P. 0.Range/ MeantS.E. S.D. V. Estimated age
No mm days range/95%c. 1.
1 7-8.9 6 5 qays 5.0& - - - 5 days

2 9-10.9 8 5~ 7 6.8+ 0.25 0.71 10.52 BeB— T3
3 11-12.9 13 7- 10 9.8+ 0.23 0.83 8.50 9.3~ 10.3
4 13-14.9 15 10- 17"15.9t 0.72 2.79 20,03 12.4~ 15.5
5 15-15.9 19 14- 90 31.0+ 5.09 22.20 71.73 20.4- 41.6
6 16-16;4 49 24-540 176.7121.75 152.24 89.17 127,5-214.5
7 16.5-18.0 126 17-510 186.1+12.46 139.80 75.14 161.6-210.5
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(groups 5, 6, & 7). These size-groups represented a véry
wide range of age extending from 14 days to 540 dajs; It
included 82.2% of the whole sample (194 voles out of 236).
The high varisbility and the overlap of the data indicate
that using the hind foot length as an age indicator, above

the age of 3 weeks, 1s of no value.
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b. The Skomer vole:

Results on the growth of the head & body, tail, ear
pinna, and hind foot of the Skomer vole were analysed.
Data for the sexes were combinea, because no significant
differehCes were found, (HB:.t64=O.55, P20.6; T: t64=0.22,
P>0.8; E: ~t64%0.04, P>0.9; HF: t64=0.13, P>o.é).

b.l. The head-body length:

Data for the growth of the head and body of the
Skomer vole are presented in Fig. 10 and Appendix 8.

The value for males was slightly greater than that
for females between the ages 72 days and 9 months. It was
not noticeable beyond the age of 9 months and not existing
throughout the first two months of the vole's life, i.e.
before sexual maturity.

Skomer ﬁoles grew very fast in length in the first two
months of their life. An increase of 20 mm was added during 
a period ektending between the ages 5 to 17 days ( an |
increaéevin average length of 48.5 mm to 68.88 mm), another
.increase of 14 mm was recorded up to the age of 30 days,
(averagg length was £2.44 mm), and 12 mm up to the agevof
2 months, (94.23 mm). The growth slowed down afterwards,
and no more than another 4 mm were added up to the age of

5 months (98.4 mm), and a further 7 mm, up to the age of

15 months (105.4 mm) - The head and body, above the age of

+15 months, ceased to grow. The highest average length

reached by the voles was 110.295 mm, at the age of 15 months
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The correlation.coefficient for the whole sample was O.71..

It was 0.95 for voles 42 days and younger.

L= = e e e ed  mew e RS MM e Wme e

The whole sample was arranged into 14 size-groups
(Table 8). The values for the sexes were combined in the
first eight groups as no differences were found between
them. These groups included all the young voles and most
of thé imnatures. Their averagé‘age ranged between 5.7 to
38,5 days, and their head-body length, ranged between 45
to 89.9 mm. | '

The values of the two sexes were arranged separatély
in the last six groups‘(g to 14), as slight differences
were found between them. These grcups included all the
adult vglésiand very few of the immatures. Thelr average
‘age ranged from 95.5 to 442.5 days for the females, and
from 68.4 to 390 days for the males. Their head-body length
ranged from 90 to 115 mm. More than half of the females
(60.78%) in these groups fell into the first three groups
(9 to 11), (31 females out of 51 individuals), while 68.57%

of the males were in the last three groups (12 to 14),
(48 males out of 70 voles). This is due to the males being

bigger than the females, and therefore resulting in females
always being older than males within each size-group.

Accuracy for estimating the age in the first 8 groups
was high, extending from + 0.0 (groups 2, &, & 4) to % 10
days (group 7), and repreéenting a mean age of up tov58.5"
days, a maximum age of 45.6 days, and a head-body length
of up to 89.9 mm.

The accuracy was lower in voles with a head-body
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Table 8. Numerical data for estimating the age of male and

female Skomer vole from the head~body -length:

G. HB 1/ P. O.Range/ MecantS.E. S.D. V. Estimated age
No mm _ days range/95%c. 1.
1 45-50.9 3 5- 7 5.7+ 0.66 1,15 20.37 2.8- 8.5

2 51- 55.9 3 7 days 7.0+ - - - 7.0 days

3 56- 59.9 3 10 days 10.0+ - - - 10.0 days

4 60~ 65.92 3 14 days 14.0+ - - - 14.0 days

5 66- 70.9 5 14- 17 16.4: 0.60 1.34 8.18 14.7- 18.1

6 7l- 79.9 7 21- 30 24.0+ 1.60 4.24 17.68 20.1- 27.9

7 80~ 85.9 8 24- 60 32.1f 4.22 11.93 37,14 22.1- 42.1

8 86- 89.9 14 30~ 72 538.5+ 3.29 12.31 31.99 3l.4- 45.6

9 90~ é4.9? 9 42-210 ©95,6+20.07 60.20 62.99 49.2-141.9
M 5 42—100 68-4i 9091 22-20 32.45 4009— 9600

10 95~ 98,9% 19 60-300 135.9t16.62 72.46 53.32 101l.0-170.8
M13 42-165 89.4+11.60 41.87 46.84 64.1-114.7

11 99— 99.9F 3 100-210 143.3+33.87 58.59 40.88 *
M 2 60’165 112-5i52.66 74.25 66000 *

‘12 100-104.9F 11 135~-420 302.7+28.20 93.63 30.93 239.8-365.6
M18 72-300 161.5+18.86 79.97 49.52 121.7-301.3

13 105~109.9F 7 300-540 420.0+35.20 93.37 22.21 333.8-506.2
M17 180-540 363.5+31.09 128.11 35.24 297.6-429.5

14 10~-1150F 4 330-510 442.5159.42 78.90 17.83 3Z7.1-567.9
M1 180-540 390.0+27.77 100.25 25.71 329.5-450.5

Female

Male '

The 957 confidence limits were not attached to the
mean age because the sample size was small.

» ==

ae se se
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length of more than 90 mm (groups 9 to 14). Moreovér, it
was lower in the females than 1n the males. This is
probably'due to most of the females having a limited growth
above the length of 90 mm. Only 30% of them, within the -
groups 9 to 14, had a length greater than 100 mm, while the
 growth of males was uniform throughout life.

The lowest accuracy, being = 125.4 deys (group 14),
was in females with a mean age of 442.5 days. This low |
accuracy was mainly due to the small éample size (only 4
females), as the variébility for this group was low ( v
being 17.83). The accuracy for estimating the age of males
of the same group was = 60.5 days, corresponding to a mean
age of 390 days, a maximum age of 450.5 davs, and a minimum

age'of 329.5 days.

b.2. The tail length:

Sou WIS et mm e B Swe G

Data for the growth of the tail of the Skomer
vole are presented in Fig. 10 and Appendix 9.

The tail in the Skomer vole grew very quickly and
‘reached the adult length at the age of 60 to 90»days.
Further growth wasAnot detectable beyond that ége, and the
overlap of the values was apparant. The variability and
_standard deviation within each age-group sample was not
* high. The qorrelaﬁionvcoefficient for the whole‘sample wa§

0.60. It was 0.96 up to the age of 42 days.
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The whole sample was divided into 14 tail-length

categories (Table 9). |

Varisbility in the distribution of'the material was
not high up to a tail length of 40.9 mm (groups 1 to 7),
corresponding to a maximum mean age of 28.5 days, a minimum
estimated age of 33.3 days. The lowest accuracy for esti-
mating the age of voles with a tall length of less than
41 mm was + 4.8 days (group 7). ,

The variability increased in the distribution of voles
with a tail length of more than 41 mm (groups 8 to 14).
The highest variability (v=74.22, group 12) was in voles
with é tail length of 50 to 51.9 mm. Their mean age wés
236.6 dgys and the accuracy for estimating their age'was
+ 66.8 days. |
| Adult voles have a fully grown tall of length varying
between 44°and 61 mm, and this variability of adult tail
length rules out its use beyond 40 days, as an age criter-

ion.
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Table 9. Numerical data for estimating:the age of the Skomer

vole from the tail length:

137, 00

G. T 1/ PF. O.Range/ MNeantS.E. S.D. V. LEstimated age
No mm days : : range/95%C. L.
1 13-14.9 4 5 days 5.0+ - - - 5.0 days
2 15-16.9 6 7-10  7.5% 0.50 1.22 15.33 6.2- 8.8
17-19. 9% | | |
3 20-22,9 7 10 days 10.0x - - - 10 déys
| 4 23-26.9 7 14 days 14.0& - - - - 14 days
27-27, 9% |
5 28-31,9 8 17 days 17.0+ = - - 17 days
32=33. 9% .
6 34-38.9 11 21- 30 ; 25.21 1.08 3.57 15.41 20.8- 25.6
7 39-40.9 4 24- 30 28.5+ 1.50 3.00 10.53 23.7= 33.3
8 41-43.9 12 24-100 37.4+ 5.75 20.00 55.45. 24.8- 50.1
-9 44-45.9 6 35-180 85.5+24.04 58.89 68.87 23.7-147.3
10 46-47.9 17 35-240 107.9+15.74 64;84 60.11 74.5-141.3
11 48-49.9 25 49-420A 144.3+18. 05 90.25 62. 54 107.1—181.5
'12 50-51.9 29 60-540 256.6i52.58 175.62 74,22 169.8-303.4
13 52-53.9 21 42-510 268.5+32.74 149.97 . 55.86 200.1-336.9
14 54-61.0 D 60-540 >529.4i24.42 41.59 279,3-379.4

* Voles with this measurement were not

sample.

available in the
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b.3. The ear pinna length:
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Daté for the growth of the ear pinna are presented
in Fig. 11 and Appendix‘lo. | |
The ear pinna grew very quickly while the voles were
sfiil in the nest. They reached the adult length when the
vole was 2 to 3 months old; The growtﬁ rate slowed down,
through time, but it never ceased. |

The correlation coefficient for the whole sample was

0.52. It was 0.90 in voles 5 to 42 days old.

. The whole.sample was divided into 10 ear-length
groups (Table 10). The first 6 of them included all young
voles under 30 days old (except for one vole, 42 days old)
with ear pinné length of up to 10.9 mm and s maximum mean
age of 25.2'days. The accuracy for estimating their age
was high, éxtending from + 0.0 (groups 1, 3, & 4) to'i 5.8
days for a mean age of 20.7 days (group 5).

. Variability in the distribution of voles with ear pinna,
length of more than 11 mm, was high. Only two ear-lengfh

groups were identified above an ear pinna length of 12 mm

~ and above a mean age of 60.8 days. The first group ( 9 )
with an ear pinna length of 12 to 12.5 mm, had a mean age
of 143.2 days, and a standard deviation of 95.1 days. The
second group (10) had an ear pinna length of 12.6 to 13.8
mm, & mean age of 341.3 days and a standard deviation of
142.7 days. The accuracy for estimating‘the age of voles

B belonging to'these’two groups was, # 23.5 and % 39.2 days

respectively.
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- Table 10. Numerical data for estimating the age of the Skomer-

vole from the ear pinna length:

8-1"‘ 90 9
10—10;9 10 21~ 42 25.2% 2.20 6.96 27.61 20,2~ 30.2

17- 30 20.7+ 2.39 6.34 30.63  14.9- 26.6

G. EP 1/ P. 0.Range/  Mean+S.E. S.P. V. Estimated age
No mm days : ' range/95%c. 1. -
1 25~.3.0.1" 4 5 days 5.0+ - . - - 5.0 days

2 81-5.9 6 5-10 7.2t 0.65 1.60 22.34 5.5- 8.8

3 4~ 5.9 8 >10 days 10.0+ - - - 10.0.dl.ays |
4 6-8.0 7 14 days 14.0+ = - - 14.0 days

5 7

6

7 11-11.4 15 21-100 - 9.5+ 5.62 21.76 55.13 27.0~ 51.1
8 1L5-11.9 8 50-135 60.8+12.68 35.89 ' 59.07 30.7~ 90.8
9 12-12.5 63 30-450 143.2¢11.75 93.10 65.00 119.8-166.7
10126-15.8 53 60-540 541.5+19.60 142.66 41.81 302.1-380.5
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Although not many groups could be identified from the
length of éar pinna becauce of its very slow growth in later
life, the few groups which were idenfified are distinct,
and data for estimating the age did not'overlapvand can be

used for ageing the Skomer vole.

b.4. The hind foot length: X

o

| Data for the growfh of the hind foot aré presented
in Fig. 11 and Appendix 11. - |

The hind foot in the Skomer vole, as in the mainland
bank vole, grew very quickly and attained the adult length
at the age of one month. The éorrelation'cqeffiéieﬁf for B
the whole sample was 0.42. It was 0.90 up to the age of 30
days, and -0.15 over the agé of 42 days.

b.4.b. Estimating the age_from the hind foot length:

The whole sample was divided into 8 hind foot-
length groups. Data'were treated as before and presented
© in table 11, - | |

' As in the mainlend bank vole, the high varisbility
-in the distribution of Skomer voleé éccording to their
hind foot length rendered'using the latter as an égé |
indicator of no value above the age of 3 weeks, and above

- a length of 16.5 mm.
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Table 11. Wumerical data for estimating the age of the

Skomer vole from the hind foot length:

30-540

G. HFf 1/ ¥F. 0.Range/ Mean+S.E.  S.D. V. Estimated age
No mm days ‘ range/95%c. 1.
1l 8- 9.9 | 6 5 days 5,0+ - - - 5.0 days
2 10-11.9 5 7 days 7.0+ - = - - 7.0 days
5 12-15.9 10 10 days 10.0% — - - 10.0 days

| 4 14-15.9 12 14~ 17 15.5£ 0.46 - 1.54 10.13 ,14'5-.16'2
5 16-16.5 11 17- 35 21.9i l1.76 ~ 5.84 26.65 18.0-~ 25.8
616.6-16. 9 54 21;510 151.0+93. 53 209.50 138.74 00.0-411.0
7 17-17.9 69 21-540 188.5+20.33 168.92 89.61 147.9-3229. 2
8 18~19.0 72

206.0+16.80 142.64 69.24 172.4-239.6
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D. Discussion:

Of the linear measurements used as age characters, the
head-body length shdwed the best corfelation with age, in
the mainland bank vole and the Skomer vole, r=0.66 & O.71
respectively. In the mainland bank vole, the ear pinna
length was next in value, r=0.57. The tail and hind foot
lengths were of no value in assessing the age, r=0.56 &
0.43, respectively. They ceased to grow during the third
month in the case of the tail, and above the age of 3 weeks
in the hind foot. . | |

In the Skomer vole, the tail length was next in va;ue
to the head-body length, r=0.60. Although its growth was
more regular than in the mainland bank vole, as it is -
longer and needs longer time to attéined the adult siZe,'
_but it is still not useful as an age criterion above the
age of 2 months as it grows very fast and reaches adult
size very quickly. The ear pinna length was less correlat:d
with age, r=0.52, but 1t is more useful fér ageing than |
the tall 1éngth as it continues growing throughout iife.

The hind foot length is of no value in assessing the age

of voles over the age of 3 weeks, r=0.42. The results fof
the hind foot length of the bank vole, ih'the present study,
‘are in agreement with that given by Uhlig (1955) in his

. work on age determination of the gray squirrel (Sciurﬁs

carolinensis), in Wést Virginié. He concluded that the
hind feet offered a good indication of age during the first
three weeks only. - o

B&dy measurements of'g.glareolué have been}discussed
'by many authors, some of whom dealt with their variabi-

lities, while othefs‘used them as taxondmic characters.
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Kubik (1965) in Bialowieza (in Poland) analysed the
variability in the body length of a field population of
C. glareolus and their seasonal variation. He mentloned
that body length is an indicator of grqwth in relation to.
age, and this growth is greater in juveniles and subadults,
' He added that the body length might serve as an indicator
in defining the age-structure of the pbpulation. |

Haitiinger (1965), in Wroclaw (in Poland), discussed
the growth and seasonal variations pf the headAbody; and
tail lengths of C. glareolus. His results were similar to
those of Kubik (loc.cit.). Both of them showed that the -
bank voles grew much quicker in spring and summer; their
growth siowed ddwn in winter. They added that the rate of
body growth was at its ‘maximum during'the second month of
the vole's life. Therefore, body growth, in their opinion,
is connected with age during the first twb months. Aftér--
wards it becomes a subject of seasonal variafions.

The results of the present study agree with what the_l
~ above authors have mentioned regarding the maximum body
growth which was reachedvduring the first two monthévof |
* the vole's life. | o

Environmental factors have been excluded under
laboratory conditions, as the bark voles were kept under
'a constant temperature and light regime, and uniform food
‘throughout 1life. Therefore, variability in body measure- .
“ments were mainly products ofvindividual variation,uand

not. of seasonal variations.

Zejda (1971) studied body growth in a field population
of Q. glareolus in Moravia (in Czechoslovakia). He linked

the growth of Juveniles and subadults, which lasts aﬁout

z‘montha, with age,régardiess of the date of the vole's
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5irth; And, he égéin concluded that the growth curve 6f
body length in adult voles, 1is subject to seasonal variation,
and that there is a closer correlation between growfh;
sexual maturation, and sexual activity, than between growth .
and age. . |

The results of the present study showed that maturation
of the male and female bank vole occurred at the end of |
the second month, or during the third month, regardless the
date of birth. Becsause neither seasonal, nor sexual varia- ..
tions were found to exist under the laboratory conditions,
as the voles continued to breed throughout the year, ége
remained the main factor which influenced body growth.

In the British bank voles, body measurements have
ﬁeen used as taxonomic characters only, Southern (1964).

Body measurements have also been used és aée critéria
in some other rodents. Different results were obtained. |
Chipman (1965), for instance, considered the use of body
measurements as age criteria, of limited value in the

cotton rat (Sigmcdon hispidus). He gave priority to the

body length, and then to the hind foot and ear pinna
length. The body and tail lengths of Apodemus agrarius

were also claimed by Adamczewska—Aﬁdrzejewéka (1973 b) to

give satisfactory results as age indicators.
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II. 3. Linear skull measurements

A. Introduction:

Skull measurementé have always been considered és
uéeful features in mammalian studies. They have mainley been
used in sgystematic work,.but in recent years have aiso been
used for age determination. ' '

Different skull measurements have been used for the

égeing of several species of mammals,<such as, the Michigan

otter (Lutra canadensis), Hooper & Ostenson (1949); the

muskrat (Ondatra zibethicus), Alexander (1951); the cotton
rat (Sigmodon hispidus), Chipman (1965); the cottontail

(8ilvilagus floridanus), Hoffmeister & Zimmerman,(1967);lthe

California vole (Microtus californicus), Lidicker &MacLean

.(1969); and the striped field mouse (Apodemus agrarius),

Adamczewska-Andrze jewska (1973 b).

Skull measurements‘derived from wild populations of
Clg;hf;gngng have been discussed by many authors, sﬁch as
Razorenova (1952) in Russié;‘Manning‘(lgés) in Canada;
Wasilewski (1952), & Haltlinger (1965) in Poland; and
Delany & Bishop (1960) in Britain.

All these studies mainly dealt with the morphology,
growth, and seasqnal variations.

- The measurements which wefe used in the presenf

study to correlate with age in Clefhrionomys were:

1. Skull length. -
2. Zygomatic breadth.

3. Lower Jjaw length.
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Skull depth and molar row length were also examined,
but after a preliminary study, they were discarded, as they

were found to be of no value in estimating the age.

B. Methods:

The skull of eVery sacrificed vole was removed from
the carcass, boiled for 5 minutés in water, and cleaned.
It was left for one week to dry and then, the measurements
, wefe made. In order to avoid the errors in measurement
: resﬁiting from shrinkage of the skull, (Alexander, 1960),
.measurements were made sooﬁ after the skull had dried.
Vernier calipers, accurate to 0.05 mm, were used for taking
these measurements.

Skull length was recoréed és the'distance, in the
midline of the skull, from a line across the most anterior
point of the curvature of the incisors to the most posterior
points of the occipital con@yles. |

Zygomatic breadth was the-greatest distance between
the exterior surfaces of the zygomatic arches..

Lower jaw length was the grcatest length of the.ramus,
extending from the posterior surface of the condyle to the
midpoint of the alveolus at its attaéhment with the incisor.

The left ramus was usually measured (Fig. 12).



- FPig 12. A diagram for the skull and the lower jaw of

e mainland bank vole showing the measurements

wvhich were studied;



A SKULL LENGTH

B zvGomaric BreADTH

C LOWER JAW LENGTH
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C. Results:

a. The mainlend bank vole:

’ Data for the gexes were combined, regarding the
three skull measurements, as differenceé between them Wefe
not significant, (skull 1ength£ t64=0.16, P> 0.8; zygomatic-
bresdth: t64=0.24, P>0.8; lower jaw length: t64=0.28,
P>0.7). | |

a.l. The skull length:

S G aw WS GRS el G e e BEE  Gret  bmer S

- Data for the growth of the skull of the méinland

bank vole are presentedAin Pig.1l3 and Appendix 12. .

e The skull of the mainland bank vole grew very-quickly
during the first month of the vole's life, (r=0.86‘up‘to
the age of 42 days). While its length averaged 13.56 mm
at the age of 5 days, it soon reached an avefage length of
20.24 mm at one month. The growth then slowed down, and
the skull attalned an average length of 21.89 mm at 2 -
months, 22.53 mm at & months, 22,98 mm at 4 months, and
23.19 mm at 7 months. The avefage length bf the skull, 7
beyond‘the age of 7 months, was always above 25fmm, with ,
a minimum skull length of 22.1 mm. The correléﬁion

coefficient for the whole sample was 0.62.

v \

e " e g ™ e oy em hm Eed TS v B e ke e B Tase e

| ’The whole sample was divided into 14 groups
according to the skull length (Table.lzj.
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Accuracy for estimating the age of the mainland'ﬁaﬁk'
vole with a skull length of up to 21.9 mm (groups 1 to 9),
was high, as the variability in the distribution of the
- material within each group was low. The lowest accuracy

among the first O groups was % 14.1 daye for a mean age of
56.7 days, and a skull length of 21.6 to 21.9 mm (group 9).

Accuracy was lower in groups 10 to 13 which includéd
voles with a skull length'of 22 to 23.9 mm. The lowest
was + 41l.4 days for a mean age of 185.9 days and a ékuillengh
of 22.6 to 22.9 mm (group 11).

Accuraéy for estimating the age was higher in voles -
with a skull length of 24 mm and more, because varisbility
was lower (v=18.84) after the skulls attained this length,
which meant that their growth was completed.»The accurac&.

' for this group was + 41 days for a mean age of 342.5 days
(group 14).
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(]

Table 12. Numerical data for estimating‘the age of the maih- i

1énd-bank vole from the skull length:

G. SK 1/ P. O.Range/ MNeantS.E.  S.D. V. Estimated age
No mm days _ range/95%c. 1.

13-13.9 3 5 days 5.0+ = - - 5.0 days
14-14.9) 4 5- 7 6.5¢ 0.50 1.00 15.38 4,9~ 8.1
15-15.9 1 7 days 7.0+ = - - 7.0 days

1

2

3

4

5 18-18.9 9 14- 30 17.4+ 1.64 4.93 28.25 15.7- 21.%
6 19-19.9 10 17- 30 28.5% 1.60 5.06 21.54 19.9- 27.1
7 20-20.9 14 21- 60 50.1% 2.85 10.67 B85.49 23.9- 36.2
8 21-21.5 17 21- 72 46.0+ 3.44 14,19 30.85 38.7- 53.3
9 216-21.9 6 42- 80 56.7% 5.47 13.41 23.67 42.6- 70.7
10 22-22.5 52 49-270 110.8+10.88 61.54 55.55 86.6-133.0
11 2.6-22.9 B34 60-540 185.9:20.28 118.23 63.60 144.5-227.3
12 23-23.4 43 72-540 218.9+16.97 117.54 53.70 184.8-253.0
13 23.5-23.9 25 120-540 330.0+28.25 141.24 42.80 271.8-388.2

14 24-24.84 12 240-450 342.5+18.63 64.54 18.84 301.5-383.5
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‘a.2. The zygomatic breadth:

 a.2.a. Growth curve_of the zygomatic breadth:

T bewe  gwm  mes wwe  Sne o' Smer et Sace  Gme  wew  bmw e

The relevant daﬁa are presented in Fig. 14 and

‘Appendix 13. o

The zygomatic breadth was found to increase slowly
and regularly throughout the vole}s life: 10.52 rm wasvthe'
average zygomaﬁic'breadth‘bf 14 days old voles; 11.97 mm
for the one month c¢ld voles. All the voles above this age
and up to the age ofvs‘monfhs had a mean value extending
from 12.19 mm to 12.8 mm. The average zygomatic breadth
for all the voles beyond the age of 100 days was over 13
mm. '
| The correlstion coefficient for the whole sample was

0.62. It was 0.84-for voies 42 days and younger.

a.2.b. Estimating the age from the zygomatic breasdth:

The whole sample was divided‘into 1l groups
according to the zygomatic breadth. Data were treated as
before and are pfesented in table 13.

Varigbility in this chafacter was found to be less
than the variability in the skull length, and therefore
accuracy for estiﬁating the age from the‘zygomatic breadth
is higher. All the coefficiehts of variation were less
than 50% except in group 9 (v=62.16). This group had a
zygomatic breadth of 13 to 13.4 mm. It is most likely that
this was due to three voles aged 540'days each. Their skulls
appeared to have shrunk after reaching this old age. -
Although the correlation coefficient'for the whole sample 4

was not high (r=0.62), due to the slow growth, the lower
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Table 13. Numerical data for estimating the age of the main—

land bank vole from the zygomatlc breadth:

G. ZB / PF. O.Range/ MNeantS.E. S.D. V. Estimated age

No mm days N : range/95%c. 1.
7- 7.9 3 5 days 5'.‘01 - - - 5.0 days
8- 8.9 4 5= 7 6.5+ 0,50 1.00 15.38 4.9- 8.1
9- 9.9 2 7= 14 10.5f 5.48 4.95 47.14 *
10-10.€ 7 10-.17 12.1& 1.08 2.85 25.51 0.5- 14.8
9 14~ 42 23.0f 2.83 8.49 36.89 16.5~ 29.5

1
2
3
4
5 11-11.5
6 1.6-11.9 10 17- 35 25.0¢ 1l.67 5.27 21.08 2l.2- 28.8
7 12-12.4 20 21- 90 46.8+ 4.09 18.31 39.17 33.2~ 55.3
8 12.5-12.9 39 35-210 8l.3% 6.09 38.06 46.84 68.9~ 93.6
9 13-13.4 57 49-540 202.0£16. 63 125.59 62.16 168.6-235.5
10 135-13.9 50 60-510 ‘278.7118.64 131.77 47.28 241.2-316.2

11 14-1442 11 150-480 330, 0£32. 86 109.00 33,03 256.7-403.3

* The 95% confidence limits were not attached to the mean -

age because the sample size was small.
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variability end the regular growth gave the zygomatic

breadth objective value as an age~1ndicator.

a.3. The lower Jaw length:

Data for the growth of the lower jaw of the main-
land bank vole are presented in Fig.yls and Appendix 14.

Thfee age groups could be identified on the basis 6f
the average length of the lower jaw, thesec were: |
l. Voles 35 days.and younger. They had a mean lower Jjaw
length less than 12 mm. The average lower jaw length of
35 days old voles was 11.81 mm. ' .
e Voleéjaged 42 to 135 days. They had a nean lower jaw
‘length less than 13 mm énd more than 12 mm. The éverage .
lower jaw length was 12.12 mm for 42 days old vbles.aﬁd,
12.97‘mm‘for 120 days old voles.

Be Yoles 5 months and 61der. The mean lower jav length

for this group was more than 13 mm. Only 4 voles out of
the whole sample (1.8%), had their lower jaws 14 mm and
longer. Their ages weré 11, 12, 15, & 17 months. ’_

' The correlafion coefficient for the whole sample was

0.64. It was 0.80 for voles 42 days and younger.

A The whole samp}e was divided into 12 groups
according to the length of the lower jaw (Table 14).

Véri&bilityvin the diStribution of the.material
within each group was higher than in the skull length and .
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'the zygomatic bfeadth.f '

Accuracy for estimating the age was high in voles with
a lower jaw length of up to 12.4 mm (groups 1 to 6) rep-
resenting a maximum mean age of 66.9 days (group 6). The -
- lowest accuracy among these 6 groups was % 8.8 days for a
| mean age of 37.8 days, and a’maximum lowef jaw length of
11.9 mm (group 5). |

The accuracy decreasgsed in voles with a lower jaw
length of 12.5 to 13.5 mm (groups 7 to 10), being & 43.4
days for a mean age of 231l.8 days énd'a lower jaw length

of 13 to 13.2 mm (group 9), and % 60.5 days for a mean age

of 278.4 days and a lower Jaw length of 13.3 to 13.5 nmm.
.The accuracy increaéed for estimating the age 6f VOles

ﬁith a lower jaw length of 13.6 mm and more (groups li &

12). The low accuracy in group 12, being £ 131.3 days,

was mainiy due to the small size of the sample (only 4

voles). In euch cases, the standard deviation, and

coefficient of variation should be referred to.



Table 14, Numerical data for estimating the

land bank vole from the lower jaw

87

age of the main-—

length:

V.

11

G. LJ 1/ P. O.Range/ MeaniS.E. S.D. Estimated age
‘No mm . days range/95%c. 1.
1 776~ 8.9 5= 7  5.5% 0.50 1.00 18.18 3.9~ 7.1
2 9.0- 9.9 4 5= 7 6.5t 0.50 1,00 15.38 4.9~ 8.1
5 10.0-10.9 8 10- 14 = 11.0% 0.65 1.85 16.85 9.5= 12.5
4 11.0-11.5 19 14~ 42 24.6+ 1.70 7.39 29.99 921.1- 28.2
5 11.64;1.9 17 17- 72" 37.8: 4.16 17.15 45.34 29.0- 46.6
6 12.0-12.4 42 21-120 €0.9% 3.45 22.36 B36.75 53.9- 67.8
7 12.5-12.7 27 30-360 116.8+15.18 78.90 67.56  85.5-148.1
8 12.8-12.9 28 60-540 196.5:21.58 114.17 58.11 152.3-240.7
9 13.0-13.2 42 60-540 231.8:21.47 139,14 60,03 188.4-275.2
10 15.3-13.5 19 100-510 278.4428.82 125.62 45.12 217.9-338.9

18.6-13.9 22 120-480 301.4424.61 115.44 38.51 250.2-352.5
12 14.0-14%7 4 330-510 82.61 20.03

412.5141. 30

281. 2-543.8
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fb. The Skomer vole:

Data for skull measurements of the two sexes of Skomer
vole were combined, as no significant diffefences were
found between them, (skull length: t64=0.25, P=0.8 ;
zygomatic breadth, t64=0.41l: P> 0.61; lower Jjaw length:
£64=0.12, P20.9). |

Growth data for the three skull measurements are

presented in Figs. 15, & 16, and Appendices 15, 16, & 17.

b.l. The skull length:

bsl.a. Growih_curve_of the skull lengti:

e Gme mm mew Mat G Mes Gme eme Gme e Em e

\ ~ A slight preponderance in the length of the males'
skulls upon those of‘the females, was noticed sfarting |
above the age of 6 months. This difference was not evident
above the age of 10 months. ' .

The skullhcf the Skdmer vole grew very quickly in thé
first month (r=0.93 up to the age of 42 days). Afterwards
the rate slowed down but growth never stcpred. A slight
shrinkage was noticed in the two last groups which contained
17 and 18 months old voles. Three age groups could be |
identified on the‘basis of the skull average length, thése
are: | N |
1. Voles 42 days and younger: 95.6% of them had their
skulls less than 22.55 mm long.

2. Voles 49 to 180 days old. The average length of their‘
skulls was more than 23 mn1 aﬁd less than 24 mm;
3. Voles 210 days and older. The averﬁge length of tﬁeir

skulls was 24 mm and longer, but less than 25 mm.
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.Only 6 voles out of the whole sample (3.6%) had skulls
over 25 mm long. These voles were 11,'14, 15, &,16 months
old. |

The correlation coefficlent for the ﬁhole samplé was |

‘00610 ‘ ' ) ~

b.1l.b. Estimating the_sge from the skull length:

The whole sémple was divided into 16 groups‘
according to the skull length (Table 15).

Accuracy for estimating the age of voles with a skull
length of up to 22.5 mm was high (groups 1 to 10) repre-
seﬁting a maximum mean age of 39.2 days. It decreased in
voles with longer skulis,'reaching its lowest at a skull
length of 23.6 to 23.9 mm (group 13). The variebility in
thé distribution of the material in the latter gfoup was -
high (v=62.67). The accuracy for estimating the age of
voles with this skull length, was £ 47.7 days fof a mean
age of 1&4.6 days.’ ' -

Variability decreased in the last 3 groups, corres-
ponding to a high accuracy for estimating the age of volés
with a skull length of 24 to 25.34 mm (groups 14 to 16).
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Table 15. Numcrical data for eetima’clng the age of the Skomer
vole from the skull length'

G. ©SK 1/ F. O.Range/ MeantS.E. S.D. V. ZEstimated age

No nm days range/95%c. 1o

1 14.0-14.5 2 5 days 5.0% . - - - 5.0 days

S 14.6-15.9 4 -7 days 7.0% - - - 7.0 days

16.0-16.5% . |

5 16.6-17.9 5 10 days 10.0x - - - 10.0 days

4 18.0-18.9 3 14 days 14.0x - - - 14.0 days

5 19.0-19.9- 5 14- 17 16.4: 0.60 1.34 8.18 14.7- 18.1

6 20.0-20.5 3 21 days 21.0% - - - 21.0 days

7 20.6-80.9 5 21- 30 24.6: 1.47 5.29 15.86 20.5- 28.7

8 21.0-21.5 8 24- 30 20.3+ 0.75 2.12 7.25 27.5- 31.0

9 21.6-21.9 6 30— 35 33.3+ 1.05 2.58 7.75 B50.6= 56.0
10 22.0-28.5 5 B35- 40  30.2% 2.80 6.26 15.97 B5l.4- 47.0
11 22.6-22.9 9 B35-100 57.0% 6.73 20,19 35.42 41.5- 72.6
12 23.0-23.5 29 49-240 100.8% 9.74 52.45 52.02 80.9-120.8
13 25.6-23.9 % 60-450 184.6£23.13 115.67 62.67 136.9-332.2
14 24.0-24.5 35 80-540 510.725.20 149,07 47.98 259,3-362.1
15 24.6-24.9 18 180-540 B43,3427.78 117.87 34.33 235.3-401.4
16 25.0-2554 6 330-480 ' 410.0426.46 64.81 15.81

542, 0-478.0

* Data for this measurement were not available.
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b. 2. The Zygomafic breadth:

e M0 ewt B ews  Bew et famg  Wee  Shag e e et wme W At e e

The growth of the zygomatic breadth was very fast
during the first month.ﬂlt slowed down afterwards, but

continued in a regular way throughout the snimal's 1life.

~ FPour age groups could bé identified on the basis of
average values of the zygojatic breadth, these were:
1. Voles under 21 days old with a mean zygomatic breadth
of less than 12 ﬁm. | _
2. Voles between 21 and 42 days old with a mean éygomatic
breadth of 12 to 12.85 mm.
3. Voles between 42 and 180 days o0ld with a mean zygomatic
breadth of 13 to 13.97 mm (the mean‘éygomatic breadth beiﬁg
13.19 mm for 42 days old voles and 13.97 mm for 180 days.
old VOleé); ‘ |
4. Voles 7 months and older with a mean zygomatic breadth
of more than 14 mm.

The skulls ¢f only 2 voles out of the whole sample
(1.2%) had their zygomatic breadth 15 and 15.1 mm. They
were 14 & 11 months old respectively. ' h

The correlation coefficient for the whole sample was

0.67. It was 0.93 for voles under 42 days old.
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The'whole sample.was'divided into 11 groups according

tb the zygomatic bresdth. Data were treated as before
(Table 16). '

Accurscy for estimating'the age of the Skcmef vole
from the zygomatic breadth was high in thé first 7 groupé
corresponding to & maximum mean age of 31.7 daysAand a
zygomatic breadth of up to 12.9 nm (group 7). The accuracy
was also high in group 11, being * 58.3 days for a mean

age of 420 days and a zygomatic breadth of 14.6 to 15.1 mm.

Variability for the distribution of the material was
high.in groups 8, 9, & 10. These groups included vbles ,
with a zygométic breadth of 15 to 14.5 mm but the saccuracy
for estimating their'agé is still high, due mainly to the
artificial large sample‘size. The accuracy was, for

example, + 32.5 days for a mean age of 146.3 days (group 9).

The high accuracy for estimating the age,'and the low
variability make the zygomatic breadth a reliable index
of age up to a breadth of 12.9 mm, but less reliable in
voles with wider zygomatic breadth. -
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Table 16. Numerical data for estimating the age of the Skomér

vole from the zygomatic breadth:

¢. 2BL/ F. O.Range / Mean:S.E.  S.D. V. BEstimeted age

No nmm days - ' . range/95%c. L.
1 8.9- 94 2 5 days 5.0 - - - 5.0 days
5 9.1~ 9.9 3 7 days 7.0+ = - - 7.0 days

3 10.0-10.9 5 7- 14 10,2 1.11 2.49 24.41 7.1- 13.5
4 11.0-11.5 5 14~ 17  15.2: 0.73 1.64 10.81 15.9-:17.2
511.6-11.9 6 17- 24  20.2¢ 1.10 2.71 13.46 17.4- 23.0
6 12.0-12.5 10 21- 55  28.9% 1.46 4.61 15.94 25.6- 32.2
7 12.6-12.9 11 24- 35  51.7% 1,08 3.58 11.28 29.3- 34.1.
§ 15.0-18.4 20 55-210 - 70.2% 8.32 44.81 56.55 62.2- 96.5
9 12.5-15.9 20 60-360 = 146.315.86 85.42 58.59 113.8-178.8

10 14.0-14.5 51 60-540  279.8+19.53 139. 44 49.83 240.6-319.1
11 1406“1501 16 180-540 42000t27059 109.54 26008 561;7—47805
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5.5. The lower Jaw length:
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The lower jaw grew #ery quickly énd'regular1y4up
to the age of 42 days (r=0.92). Growth then slowed down
but continued thréughout'life. It was not as regular as the
growth of the zygomatic breadth. . , |

Four age groﬁps could be identified on the baéis of
the lower jaw length, these were:
1. Voles 35 days and ybunger with a lower jaw mean length
of less than 13 mm. | _
2. Voles between 42 and 150 days old with a mean lower Jaw
length of more than 13 mm and less than 15.79mm. |
3. Voles between 165 ddys and 9 months 0ld with a mean lower
jaw length of more than 13.8 mm and less than 14 mm.
4. Voles 10 months aﬁd older with a mean lower jaw length
of more than 14 mm.

Only 2 voles out of the wholec sample (1.2%) had lower
jaws 156 mm long. They were 11 & 16 months old.

A The correlation coefficient for the whole sample'was

0. 64.

— =y wm e e - mey =g

: b.S.b.'gsgigaixég_tge_age_rgom the lower Jjaw length:

The whole sample was divided into 10 groups
according to the lower jaw length (Table 17).

The most variable values of the 1ower‘jaw length
were located within the range 13 to 13.9 mm. Skomer voles
with this lower jaw length (group 8) would have a mean age

of 202.9 days with a standard deviation of 136.3 days,
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.a minimum age of}157.5 days,'and a maximpm of 248.4 days.“
This result is accurate with 0.05 probability . Vafia;
bility in the distribution of voles with a lower jaw length .
of more than 14 mm and less than 13 mm was not high. For
example, Skomer voles with 14 to 1l4.4 mm lower jaw length
(group 9) would have a mean age of 522;5 days, a minimum
age of 280.6 days, and a maximum of>564.4'days.

Lower Jjaw length is evidently useful as age iandex up °

to 13.5 mm, but less reliagble above this length.



Teble 17. Numerical data for estimating the age of the Skomer

vole from the lower jaw length:

o8

’

G’. LJ l/ Fo O. Ral‘lge/ I¥Ieanis. Eo .So Do

V. Estimzted age

No mm days range/95%c. 1.
1 9.0- 9.4 2 5 days 5.,0% = - - 5.0 days
2 9.5- 9.9 3 7 days 17.0% - - - 7.0 days
5 10.0-10.9 3 7= 10 9.0 1.00 1.73 19.25 4.7~ 13.3
4 11.0-11.9 8 10- 17 14.6% 0.85 2.39 16.31 12.6- 16.6
5 12.0-12.5 12 17- 30 24.9¢ 1.39 4.81 10.32 21.9- 28.0
12.6-12.9 11 24- 35 31.6% 1.32 4.39 13.87 28.7- 34.6
13.0-13.5 42 30-240 90.0% 8.01 51.95

13.6-13.9 37 42-540

O W =N O

14.0-14.4 42 60-540
10 14.5-15.0 7 330-480

202, 9+22. 40 136.28

322.5£20.74 134,42

57.72 73.8-106.2
67.16 157.5-248.4 ,
41.68 280.6-364.4
16.40 345.3-469.0
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D. Discussion:

The skull in the mainland bank vole and the Skomer
vole grow quickly oniy.during the first 2 months of fheir
1ife, after this, the gro&th decreases in a way which
differs from one measurement -to énother; |

The zygomatic breadth grows regularly throughout the
vole's life. It is the best age indicator among the three

skull measurements which have been investigated. Skull

length is next in its value, and then the lower jaw length.

Skull measurements'have been used by some authors in :.
ageing different species of mammals. Alexander (1960)

recommended the use of the Zygomatic brecadth as an agé

indicator in the muskrat (Ondatra zibethicus) where there

is a 1.5% decrease in the zygomatic breadth after the skull
dries. Since all the skull measurements in the bank voles
were recorded one week after they had been cleaned and
dried, the measuring error should be uniform, and the data
are still wvalid. _

| Chipman (1965) identified four age groups on the

basis of the zygomatic breadth in the cotton rat (Sigmodon
hispidug). Green & Jameson (1975) confirmed Chipmen's
.suggestion in using the zygomatic breadth in §1gmggggb
higpidus as an age.indicator. They mentioned that this

character is useful ih separating juveniles from aduits.
They added also that estimation of age from the zygomatic

arch in laboratory and field populations are the same.

Skull length was held by Prychodko (1951) to be

a dimension which constantly increases in C.

glareolus.
Wasilewski (1952), disagreed. According to him; the
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condylobasal length increases more slowly in autumn than
in spring. While Adamczewska-Andrzejewska (1973 b) found
the condylobasal length to exhibit a regular course of

growth in Apodemus agrariusg, she suppo?ted Wasilewski in
agreeing that the condylobasal growth was influenced by
season. ' ' | |

In the present study, seasonal variations weré assumed
to have been excluded by fhe maintenance of uniform lab-
oratory conditions, and from the obserfation that all
skull measurements refiected growth throughout life (see
Chapter IV ). Under these conditions, growth of the skull
was found to be less variable than body weight and bodJ
measurements, which might mean that any fuctor, whether it
is internal or external, is less likely to affect skull
measurements, and therefore, skull measurements are more
reliagble age'criteria than the body measurements. Moreé
over, sexual maturity had no effect on the rate of growth
of the skull, as fhe latter continued.to grow after'the
voles attained sexual maturity. Therefore, age is the main

factor which influence the skull growth.
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II. 4. The molar teeth

A. Introduction:

I. Development and growth of the tooth rbots:

The molar teeth in the bank vole (Fig. 17) are charac-
terized by having a single root ('neck') which becomes
divided into two at a definite age. The length of roots
increases with age. Therefore, the onset of thié phenomenon,
and the speed with which‘it progresses ought to-be related
to age. ' '

Zimmerman (1937) first drew attention to the use of
this character as an age criterion in his work on C.
glareolus in Germany. 'This method has since been used by
many other authors working on different species of this
genus in Europe and also in Asia. Wrangle (1959), and
Prychodko (1951) used it on C. glareolus in Germahy 3 -
Koshkina (1955) applied it to C. glafeolus, C. rufocanus,

& C. rutilus in Russia; Shaw et al (1959) on C. rutilus
in China; Zejda (1955 & 1961), & Mazak (1963), on

C. glareolus in Czechoslovakia; Wasilewski (1952),
Haitlinger (1965), Tupikova et al (1968), and Pucek &
Zejda (1968) on C. glareolus in Pland; Viitala (1971) on

C. rufocanus in Finland; Delany & Bishop (1960) on C.

glareolus in Britain. |
Lowe (1971) in Englaﬁd, studied durihg the years 1955

& 1956, the root growth of lsboratory and fiéld populations

of C. g. britannicus. He injected the voles with alizarin-
red to stain the calcium‘being deposited in the roots. He
did not succeed in studring the root growth in the laboratory- .

‘ralsed population, and his results were dgrived from the
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Plg. 17. A diagram for the first lower molar of

a male C. g. britannicus.
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'study.of a fieid population.

In‘stﬁdying the development aﬁd growth of the molar
roots,AMl has usually been used. But XKoshkina (1955),
Tupikova et al (1968), and Viitala (1971) used MZ, and
Delany & Bishop (1960) used M3 for the same purpose. |

Most of the investigations which héve been.made,
ghowed that the roots started to appéar at the age of 2 to
4 months in C. glareolus, and at 7 to 8 months in C.rufo-
canus (Koshkina, 1955). Zimmerman (1937) mentioned that

the roots develop-at the age of 6 months in C. glareolus.

Lowe (1971) found that the tooth roots of laboratorj—'
raised voles did not develop throughout tne first six months
of life. He mentioned also that in the field population,
the onset of molar roof development was variable (2 to 4.5
months) depending on the season of birth. And the root

growth fates varied from 0.05 to 0.55 mm per month.

Regurding the Skomer vole, nothing has been published
- concerning the growth and development of the roots of the

molar teeth.

II. Tooth wear:

It is known that the teeth of any animal are Worn'
away progressively with age as a result of their use for

feeding and other purposes throughout life.}

In the case of the genus Clethrionomys, the growth of
the molar cro&ns ceases at a certain age, but they continué
to wear down throughout the animal's 1life. At the same
time the roots continue to grow until, in old animais only

the roots remain with a thin crown. Ag a result the
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root length/ crown height ratio increaseswith age.
" Review of the literature indicated tooth wear to be
a reliable criterion of age for several species of smali

- mammals, such as the cotton rat (Sigmodon hispidus), Chip-

man, 1965; the brown rat (Rattus norvegicus), Tanaka,1968;

the brown and black rats (R. norvegicus and R. rattus),

Karnoukhova, 1971; the lesser‘jerboa (Allactaga elater);.

Smirnov et al, 1971; and the striped field mouse (Apodemus

agrarius), Adamczewska-Andrzejewska, 1973 b. '
Nothing.has been written, however regarding the use

of tooth wear (as digtinet from root growth) to determine

the age of Clethrionomys.

In ﬁiew Qf the gbove studies the present work was
undertaken td: | ‘ | |
l. Obtain a correlation between age and mblar root growth.
2. To find out which of the molars gives the best correla-
tibn with age. o
3. Study the tooth wear and its value for use as an age

criterion.

B. Methods:

In order to study the root development and growth, and
tooth wear, all thelmolars of the left maxilla and right-

mandible were used.
)

Extracting the teeth was done by boiling the skull in
very dilute KOH sdlution, less than 1%, for 10 minutes.
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With fine forceps, each tboth was‘pﬁlled out, put on a file
card with its buccal (externmal) face, facing upwards, and‘
then covered by Sellotape.

A low power verniér ¢ -measuring m;croscppe (Utilex),
(Swift Microscopes-London) with an eyepiece of %6 magnifi-
cation was used for recording the tooth measurements. The
eyeplece was provided with a graticule consisting of a
single line crossed by two-parallel lines 0.2 mm apart. _
These lines were used to determine the starting and ending
points of each measurement. A micrometer screw, fitted with
a calibrated drum, which is mounted on one end of the |
casting, adjusts the movable stage. It mbves for diétances
up to 25'mm aﬁd measurements were made entirely on the
micrometer drum to a reading of 0.0l mm. The tooth to be
measured was put on a glass stage and then the table was
.moved albng the desired amount and the measurement read off
the microdrum. 7 |

Two meaéuréments were recorded for each of the six
molars (Fig. 18). The first was the crown height. In young
animals, it wés the whole length of the tooth. In the adults
its length extenied from the oéclusal surface to the end of
the longest groove after the latter has been closed. The
second measurement was the lehgth of the roots.- It is the
distance between fhe end of the longest closed groove to
the line connecting the free end of the two roots . A

After a preliminary study of the neck height, varia-
bility was found to occur, in voles of the same age, which

in turn would affect the time when the crutch started to
.develop (see Fig. 17). Moreover, Lowe (1971) stated that
the crutch does not remain striptly constant because layers

of cementum are continually being added to all tooth
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Fig. 18. Molar teeth of a male mainland bank vole,
315 deys old, showing the two measuremenis

which were taken for eachvof them.
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‘surfaces below gum level throughout life. Therefore, the

. neck height was included.in the root measurement in the

present study.

C; Results:

I. Root development and growth:

a. The mainlsnd bank vole:

Data.for the sexes gre combined, as no significant
differences were found between them. The results of applying-
the t test on the whole sample (14].speciniens between the

ages 42 to 540 days) are:

Root length of the first lower molar (RM;): t48=0.26, P>0.8

) " " N cesond M ] (RMZ): £48=0, 26,_ P>0.7
" . S thipd ] " (RMS): +48=0, 30, P>0._7
W W pingt upper " (RUL): t46=0.18, P>0.8
" ] " 0 gecond M " (RMz): £48=0.27, P>0,7
" WM % gpipd " " (RMO): 146=0.41, P>0.6

Sy A Sw Sl e e SR e " wew wen cem eme M

—t T MEme e Seum  eems Sewm

These data are presented in Pigs. 19, 20, 21, and
Appendices 18, 19, snd 20. | '

The neck of the three lower molars started tb develop

after the closure of all the lateral grooves, which gre®

found on the crowns. This closure occurred at the age of
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35 to 42 days. The neckAcontinued to grow with its lower

end open. This end started to close, at its lower middle
point, at the age of 72 to 90 days in Mj and Mo, and at the
age of 90 to 120 days in Mz, the time when the roots started
to develop.

The roots of Mj and M2 grew regularly throughout life.

Growth slowed down gbove the age of 14 months, but 1t never
ceased. The growth of the roots of Mz was also regulaf, but
the root shape was not regular, and rather difficult to -
measure. - |
The average monthly increase in the root length,'bf :

voles 90 to 420 days old was 0.16 mm for RMy, 0.13 mm for
RMQ,.and 0.08 mm for RMz. It was O.14 mm, O0.10 mm, and
0.07 mm, in voles 90 to 540 days old. '

v The correlation coefficient between age and the length
of roots of the lower molars were: 0.96 for RM; & ng, and

0.95 for RM5 .
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a.2. Estimating the_ape_from the length_of the meck end

roots of the_lower molars:

1. Riy: ‘ | |
The whole sample was divided into £2 groups‘according

to M1 root length. The mean age, standérd deviation, stan-
dard error, and coefficient of variation were taken for
each size—gréup and 95% confidence limits were attached_tb
the mean age, (Table 18) - |
' Variebility and standard deviation, for thé distrib-
ution of the materisl within each group were low, and‘
therefore accuracy for estimating the age of voles from.
the Toot length of My is high, extending from 1.9 day
for a mean age of 59.2 days (group 3), to % 85.9 days for
4 mean age of 378 days‘(group 19). | '

| The most variable root length value was 0.7 to 0.79‘
mn (group 8). The accuracy for estimating the age of voles‘
with this root 1ength'is still high’(being t 18.4 days),
because the age of most of the speéimens belonging to'this.
group concentrated around the mean age of the group,‘and
therefore voles with this root length would most likely -
have a mean age of 153.5 dayﬁ, a minimum age of 115 days,

and a maximum age of 151.9 days.

The high correlation coefficient (r=0.96), the low
varisbility (¥=14.29), and the high accuracy for estima-
ting the age, made the use of‘Ml root length of high value

as an age indicator.throughout life..

)

¢
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Table 18. Numerical data for estimating the age of the main-

land bank vole from the root length of Ml :

G. RMyl/ F. Q.Range/ MeentS.E.  S.D. V. Estimated age
No. mm Qays : range/95%c. L.
1 008-0.09 4 35— 49 42.0t 2.86 5.72 13.61 32.9- 51.1
2 0.1-0.19 14 42~ 60 50.4% 1.55 5,79 11.49 47.0- 53.7
5 0.8-0.20 15 49- 60 59.2t 0.85 3.05  5.16 57{5— 61.0
4 0.3-0.39 15 60-100 71.9+ 3.21 12.43 17.30 65.0- 78.7
5 0.4-0.49 12 60-100 79.7% 3.00 10.40 13.06 75.1- 86.5
6 0.5-0.5¢ 12 80-120 98.5+ 4.41 15.28 15.53 88.6-108.0
7 0.6-0.69 8 90-150 110.4% 8.68 24.56 20.57 98.8-140,0
8 0.7-0.79 13 100-180 133.5% 8.46 30.51 22.86 115.0-151.9
9 0.8-0.89 6 120-180° 147.5:10.55 25.84 17.52 120.4-174.6
10 0.9-0.99 8 120-210 165.1#15.12 37.12 22.76 183.0-194.2
11 1.0-1.09 15 150-270 186.0% 8.64 53.45 17,98 167.5-804.5
12 1.1-1.19 9 150-270 203.3:+12.02 56,06 17.73 175.6-251.1
13 1.2-1.21 6 180-240 210.0% 7.74 18.97  9.04 190.1-226.9
14 1.3-1.49 8 180-240 213.8% 6.80 19.23 8,99 197.6-229.9
15 1.5-1.59 6 240-270 260.0% 6.32 15.49 5.95 243.8-276.2
16 1.6-1.79 7 240-330 278.6+12.62 33.38 11.98 247.7-309.5
17 1.8-1.99 5 240-560 500.0:21.81 47.43 15,81 241,0-359.0
18 2.0-2.09. 7 270-450 B355.7423.08 61.06 17.17 299.2-412.53
16 2.1-2.19 5 3530-480 378.0£50.89 69,07 18.27 292.1-465.9
20 2.2-2.39 16 B330-540 433.1x17.10 68.38 15.79 596.7-469.6
21 2.4-2.59 5 B590-510 444.0£19.90 44,50 10.02'588.7-499.3v.
22 3 480-540 435.5-584.,5

20 6"20 80

510.0£17. 32

"50 88
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2. gﬁga

The‘whole éample wasAdivided into 17 RM2—1ength gfoups{
Data were treated as before (Teble 19).

Although, Mg has noﬁ been thought éf, by many, as a )
footh useful for age determination, it proved, in the ﬁresent
study, to be of high wvalue for this pufpose. The accuracy
for estimating the age from the root length of Mg was found
to be very high,'extehding from + 3.4 days for a mean age |
of 52.7 days and 63 days and root length of 0.1 to 0.2 mm
(groups 2 & 3), to % 48 days for a mean age of 431.53 days
aﬁd root length of 1.8 to 1.89 mm (group 16).

The most variable root length value was 0.7 to 0.79 mm
(v=15;92), corresponding to a mean age of 160.5 days, a
minimum age of 142 days and a maximun age of 178.8 days
(group 8). |

The accuracy for estimating the age of voles from the
root length of Mg. were higher than those obtained for the
. root length of Ml'

The high accuracy, in addition to the low variability
in the distributicn of the material (¥=11.68) make the use

| of the root length of lg of higher value than M7 throughout

life. | | | -
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Table 19. Numerical data for estimating the age of the.maih~"

-

land bank vole from the root length of Mo 3

G.

V.
Yo

Estimated age
range/95%c. 1.

RM;l/ F. O:Range// MeantS.E. S.D
m . .

aays

003-009
0.1-0.19
0. 2-0. 29
0. 3-0. 39
0. 4-0.49
0.5=~0,59
0.6-0.69

’0.7—0.79

0 ©® < o e o ® O P

0.8—0.89

0. 9=0. 99

=
H O

10 O""lo 09

.
20

1.1-1.29

-
]

1. 5-10 69
10 4-10 59

]
>

15 10 6-10 79
16 1.8-1.89

17 10 9"‘20 29

4

17
12
14
10
10

9
10
12
13
10
13

5
10

16

8
10

35— 42
42- 60
60~ 72
60~ 90
80-100
80-120

100-135

120-180

150-810.

135-210

210-270

210-270

270-300

240-360.

300-480
360-510
390-540

40,3+ 1.75
52.7+ 1.62
65. 0+ 1.57
77.7% 2.07
93.0¢ 2.60

105. 0+ 4.53

122. 2+ 4. 80

160.5% 8.08
173, 8464 25

184.64 7.48
231.0+_7. 81
oB7. 7% .17

276.0+ 6.00

306. 0£14, 00
38G. 3114, 46
431, 3+20, 39
485. 0£17. 00

3. 50
G. 67
5.43
7.76
8. 23
14, 34

14.39

25. 54

- 2l.65

26. 96
24.70
25.87
13.42
44,27

57.84

57. 68
53.76

8.70
12.65
8.61
9. 99
'8.85

160 65 :

11,77
15. 92
12.46
14.60
10.69
10.88

4.86
14. 47
14. 97

13,37
11.13

34,7~ 45.8
56.1 .
66.5

49. 5-
59 6-
73.2- 82.2
1 87.1- 98.9
94.8-115.2
111.1-133.3

160, 0-187.5

168. 3-200.9

213.4-248.7
228.1~253.3
2569, 3-292. 7
274.4-537.6
355,5-417.1 .

382.9-479.6
444.6-521.4
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3. Rlg

The whole sample was di%ided into 14 RMS-lehgth groups
(Table 20). . -
| Variability in the disﬁribution of.the material within
each size-group was higher than in Rl and Ry (¥=16.78),
and therefore the accuracy for estimating the age of voles

from the root length of Mz was lower. It extended from

+ 4.8 daya for a mean age of 51.8 days and a root léngth
of 0.04 to 0.09 mm (group 1),_to + 86 da&s for a mean age
of 470 days and a root length of 1.4 to 1.49 mm (group 13).

The most variable root length value was 0.2 to 0.29 mm
corf63ponding to & mean age of 85.7 days. This might be due
to individual variationé_in the onset of root development.

_The accuracy for estimating the age of voles in this group
was + 10.9 days (group 3). )

Although the.correlation coefficient between agé and
the growth of the’rodts_bf this molar was very high (r=0.95),
there was high variability (F.—.zs.zs,' Appendix 20), and
standard deviations, in addition to irregularities in the .
root shape. All these factors reduce the value of using

this tooth compared with the two other lower molars..
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Table 20. Numerical data for estimdting the age of the

mainland bank vole from the root length of Mgz:

G. Riz;1/ F. O.Range/ MNeaniS.E.

No mm

days

S.D.

V.

Estimated agg

rang¢/95%c.1.

Q04-0. 09
0.1-0.19
0.2-0.29
0.3-0.39
0. 4-0.49
0.5-0.59
0.6-0.69
0.7=0.79

O 0O N O o i B’ v

=
(@]

1. O"'lo 09
1.1-1.19

e
NV

1l.2-1.39

[
(v

10 4-1. 49

[
NN

1.5-1.55

35- 60
42-100

49-120

80-155
135-210
120-240
165-270

135=-270 -

210-450
270-480
330-450
360-540
450-510
480-540

5l.8+ 2.26

67.7+ 3.30
85.7+ 5.14

10l.8+% 4.37

168.8% 7.64
174.6%

221.5%

7.62
9.50

222.3+£11.23

297, 3119, 59
352, 5:18. 14
871. 3+15. 97

456. 917, 37
470. 0£20. 00

510. 0£30. 00

8.75
16.853
21.79
16. 36

26647
35.73

1 39.16

37.24
64.98
62.83
45.18
62.63
34.63
42.43

16.90
24. 84
25.44

16. 07
15.68
20. 46

17.68

16.75
21. 86
17.82
12.17
13,71
7,37
8.32

47.0- 56.6
60, 9=/T7455
74.8- 96.5
92.4-111.2

151.9-185.6

158.7-190.4
201.3-241.6.

197.2-247. 53

253, 6-541. 0

5312, 6-5392. 4

333.4-409.1

419.1-494.8

384.0-556. 0

&

* The -957% confidence limits were not attached

to fhe

mean age .because the sample size was small.
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The relevant data are presented in Figs. 22, 23, & 24
end Appendices 21, 22, & 23. | |
The lateral grooves on the crown of each of fhe three
upper molars started to close, at their 'upper' end, at the
age of 42 days in MY and M3, and at the age of 35 days in
| Mz, the time when the neck started to develop. The neck
grew with its 'upper' end open until the age of172 to 20
days in M} and M2, and 80 to SO days in M. The roots
developed afterwards, and grew regularly with an average
monthly increase of 0.14 mm in RMl; 0.12 mm in RMQ; and
0.10 mm in RM®, in voles 90 to 420 days old. The growth of
the roots slowed down afterwards, and the average monthly
increase in voles 90 to 540 da&s bid was 0.13 mm, O.08 mm,

and 0.06 mm, respectively.

The correlation coefficient between age and the length

of the roots were 0.96 forvalg 0.95 for RM® and RMO.

¥ or alveolar end. .
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1. RMY:

The whole sample was divided into 20 R -length
groups (Table 21). | |

Variability in the distribution of the material
withlin each size-group was not high (?:14.86). The acecuracy
for estimating the age of voles from the root length of Ml
is high, extending from + 4.5 days for a mean age of 52.4
and 60.2 days, and a root length of 0.1 to 0.29 mm (groups
2 & 3), to £+ 62.4 da&s for a mean age of 288 days end a
root length of.1.5 to 1.69 mm (group 15).

The:most variable foot length value was 0.8 to 0.89
mm, (v=22.87) cofresponding to an average age of 152.9
days, ; minimum‘age of 152.7 and a maximum of 173 days
(group 9). - . ' A

The varisbility for the distribution of the material
was found to be lower gbove an average age of 210 days
with the root length being more than 1.1 mm (groups 12 &-,
20). | I - |
The'high accuracy for estimating the age of bank
' voles from the root length of MY as has been shown in
fable 21, along with the high correlation coefficient
made the use of this character for determining the age

of the bank vole of a high value.



Table 21. Numerical data for estimating the age of the main-
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K

land bank vole from the root length of M1 -

G-l
No

rut1/
mn

P. O.Range/ MeantS.E.

days

S.D.

V.

Estimated age
range/955%c. 1.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

04 -0.09

0.1-0.19
0.2-0.29
0,3~0.39
0.4-0.49
0.5-0.59

Oo 6"'00 69 :

0.7=0.79
0.8-0. 89
0.9-0.99
1.0-1.09
1.1-1.19
1.2-1.29
1.53=1.49
1.5-1.69
1.7-1.89
1.9-1.99
2.0-2.19
2. 2-2. 49
2.5-2. 84

10
15

42- 60
42- 60

49~ 72

60- 80
80-120
80-120
90~150
120-180
100~-210
135~210
135-270
180-240
180-270
210-270
240~360
240-390
270-360
500-540
330~540
450~540

50. 3+ 2.62

52,4+ _2.06

60. 2 2.0
69.0% 2.47
90.8+ 3.58
97.5% 5.90
104.6% 5.632

150.0% 7.74

152. 9+ 9.34
171.4% 9.18
190. 0£10. 82
210.0x 9.49
220. 04£11.18
242,53+ 7.18
288. 0+22. 45
320. 0£20. 00
321.4£14. 22
432.0£22.45
426. 0+15. 55
502. 5+18. 88

7.86
7.15
7.82
8.55

12. 40

16.69

18. 64

24, 49

34. 96

24. 98

41.92
21.21
55. 54
25. 87
50. 20
48. 99
37. 61
70. 99
60. 21

37.75

15.61
13.65
12.98
12.59
15.65
17.12

17.82

16. 33
22.87
14.16

22.06

10.10
15.25
10.68

17.43

15.31
11.70
16.43
14.13

7.51

44.3- 56.4

47.9- 56.9
55,7 64.7
65. 6~ Ta. 4
83.0- 98.7
85.5-111.5

92.0~117.1

1132.5-167.5

132.7-173.0
148. 9~193. 9
166. 9-213. 2
183. 6-236. 4

194. 2-245.8

226. 7-258. 0
225.6-350. 4
268.6-371.4
286.6-356.3 -
381. 5-482.7
392, 7-459. 3
442.5-562.5
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2. EM?:

The whole sample was divided into 18 RM2-length groups'
(Table 22).

The regulanity.in the’distribution'of the material
according to RM? length, the reason&bl& low standard devia-
tion, in addition to the low ccefficient of ﬁariatian
(v=15.72), gave this molar a high indication for use as
a criterion of age.

It is not the flrst time that RM® has been used as an
age criterion. It has been used for this purpose by Kosh—
kina (1955); Tupikova et al (1968); and Viitala (1971).

Their results will be discussed later.

3. RMO:
| The whole sample wag divided into 15 Rﬂs 1ength
groups (Table 23). -

Variability for'the distribution of the material within
each size-group was not high (¥=15.22). The accuracy for
estimating the age, extended from % 2.2 days for a mean age
of 45.8 days and a roof length of 0.0l to 0.09 mm (group 1),
to + 74.5 days for a mean age of 480 days and a>root length
of 1.6 to 1.83 mm (group 15).

The.most variable roof length value was 0.4 to 0.49 mm
(v=23.3),(individuai variations in the ohsgt of root deve-
lopment), corresponding to a mean age of 115.9 daysAand an
accuracy of t 18.2 days (group 5).

The smail overlap of the data between the size-groups,

in addition to the high correlation coefficient, suggest

that the root length of M® is a reliable age indicator.



126

Table 22. Numerical data for estimating the age of the main-

land bank vole from the root length of ;2 :

G.
No

RM%1/
mm

F. O.Range/

days

Mean+S. E.

S.D.

V. ZEstimated age

range/95%¢c. 1.

© O T O o o ;B v

i e e~ o v e
0N o o od L o O

002-0. 09
0.1-0.19
0.2-0. 29
0. 3=0. 39
0.4-0. 49
0.5-0.59
0. 6-0. 69
0.7-0.79
0.8-0.86
0. 9=0. 99
1.0-1.09
1.1-1.19
1.2-1.29
1.3-1.49
1.5-1.59
1.6-1.79
1.8-1.89
1.9-2.15

19
11
13
18
10
11
16
13

N4 o0 o N =

11
15

35— 49
49— 72
49- 72
72-100
80-135
90-165

120-180

135-210
150-270
180=270
210~-270
240-300
240-360

210-480

240-540
270-=540
360-510
420-540

43.2+ 2.15

57.2+% 1.70
60.2¢ 2.20
82. 0z

103. 3t 4.18

7.65

155.5¢ 7.64

182.8x 7.15

él0.0tll.64
214.3¢12.12

235.,7+10. 20
270.0+10. 95

305.0+£18.03

325, 7T+33. 01

390, 0+27.14

410.0£19.79

432.0£27.82

487.5125.62

2.58

5. 27
7.41
7.28
9. 51

17. 74

24. 20

25. 34

28. 58

41.98

32. 07

26. 99

26. 83

44,16

87. 54

90. 00

76.63

62. 21

51. 23

12.21
12. 94
12.09
11.35
17.17
20. 96
16. 30
15.63
19.99
14. 97
11.45

9.94
14.48
26.82
23. 08

18.69

14.40
10.51

670 6- 4:81 7

53.6- 60.8
55. 5= 65.1
76.4~ 87.6

94.5-112. 2

98. 2-132.8
138.4-172.5
167.6-198.0 -
184.6-235.4
184.6-244.0
210.7-260.7
241.9-298. 1
258, 7-351. 3
244.8-406. 6
329, 5-450. 5
367, 7-452. 4
554.7~509;5
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Table 23. Numerical data for estimating the age of the main-

land bank vole from the root length of 13

G.
No

riC1/
mm

P. O.Range/

days

MeantS.E.

8.D.

V.

Estimated age
range/95%c. 1.

X W

© ® < o o

10
11

13
14
15

Q01-0.09
O. 1"0. 19

0.2-0.29 -

0. 5=0. 39
0. 4-0. 49
0. 5=0. 59
0. 6=0. 69
0. 7=0.79
0. 8-0. 89
0. 9-0. 99
1.0-1.19
1.2-1.29
1. 5-1. 39

10 4_1. 59 .

1‘ 6-10 85

13
19
17
15
11
11
15

19

13
10
15
15

42~ 49
49~ 72
60— 90

80-120

80-165
120-210
120-210

135-210

135-270
210~-270
240-360
240-430
270-540
330-540
360-510

115, 9%

222.64

45.8+ 1.01

60. 7+ 1.153
76. 9% 2. 50
100. 7% 5.71
8.14
169. 1+

173.0%

9.51
8.52
176.3+
9.89
228, 0£12. 00
288, 5+12. 50
363.0+21. 19
416.0£20. 67

422, 019,56

430. 0+17. 32

9.30 ¢

3.63
6.07

10. 30

14. 33
27.00
31.53
32.99

7,94
10. 00
13. 39

14. 28

23, 30

18.65

19,07

14.92
19. 35
11.77

4:5. 6"" 4.‘80 O

58.4- 63.1
71.6—’82.2 .
92.7-108. 6

97- 8—154:0 l

147,9-190. 3

154.8-191.2
154.2-198.3 .
201.9—245.4
194.6—261.4
261.2-3156.7
315.1-410.9
371.8-460. 2
380.1-463.9
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b.. The Skomer vole:

Data for the development of the neck and roots of the
lower and upper molars in the Skomeflvole~are presented
for the two sexes combined, as no significant differenceé
were found betweenvthem. The'results of applying the t
test on @a sample of 136 | specimens, 35 to 540'days

cld are:

Root length of the first lower molar, (RMj):t48=0.17, P> 0.8

" " " " gecond " o ’ (RME) :t48=0.15, P> 0.8
y WM M 4pipd " ", (Rlz):t44=0.29, P> 0.7
WM pingt upper ", (RMY):t46=0.14, P> 0.8
" ] 1] t gecond " ", N (RMz) :t46=0. 06 s P>0. 9
"o " " " thirda M " ,(RMS):t46=O.16, P>0.8

e WD WAD  mem bt SN GEe e Aew Sme s  Dme s

The relévant data are presented in Figs 25, 26, & 27,
‘and Appendicec 24, 25, & 26 o

The lateral grooves on the crowns of the lower molars
started to close at their lower end at the age of 35 to
42 days in My and Mg, and over the age of 42 days in M. |
The neck developed then, and grew until the central part .
- of its 1ower end closed, and then the roots qtarted to
develop. This usually occurred at the age of 72 to 100

.days in My and My, though was sometimes delayed until

120 days. 1In Mz it occurred when the voles were 90 to
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.i20 days old.
| The roots then grew regularly throughout life, with an.
average increase of 0.14 mm in Rilj, O0.12 mm in RMy, and
0.07 mm in RMg. o |
The length of the neck and roots was highly correlated
with age, (r=o0.98 for RM; and RMy, and r=0.96 for. RMg).
Variability in the growth of RM; and RMg was not high,
(¥=14.69 for RMj, starting from the age of 49 days onwérd;
v=13.35 for RMZ, starting from the}age of 42 days onward).
They were highef in RMS; (v=19.96 for the whole sample).

In spite of the growth of RlMz length being regular
end highly correlated with age, the irregulsr shape of the
rooté made measuring their length very difficult, and the -

high variasbility decreased their value as age indicator.

-
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b.2. Estimating the_sge_of Skomer_voles_from the length of

The whole sample was divided into 20 groups'acéording
to the length of the neck and roots of M1 (Table 24).

Variability in the distribution of *the material within
each size-group was not high (¥=10.95). The accuracy for
estimating the age was high extendedlfrom + 4,7 days for
a mean age of 58;2 days and a root length of 0.1 to 0.19
mm (group 2), to + 61.3 days for a mean age of 375 aﬁd
486 days and a rcot length of 2.0 to 2.19 mm, and 2.4 to
2.49 mm, respectively (groups 16 & 19). |

The most variable measurement for RM; length was 0.4
fo 0.49 ﬁm, (v=20.25). This group included voles with an-
average age of 85.3 days, a standard deviation of 17.3
days, a minimum age of 67.2 days, and a maximum age of
103.5 daye (group 5). A \ ,

| The regular growth of the roots of M, the iow

variability and standard deviations, and the high corre--
lation with age, made the_use of M; root length value as

an indicator of age.
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'I"able 24. Numerical data for estimating the age of the- Skomer.

vole from the root length of M

1

.
.

=
)

510. 0£15. 39

37.95

G. RM71/ F. O.Range/ MeantS.E. ‘S.D.v V. ZEstimsted age
No  mm ~days ‘ range/95%¢. Lo
1 004-0.09 5 85- 49 43.4% 2.62  5.86 13.49  56.1- 50.7
8 0.1-0.19 6 49- GO 58.2% 1.85 4.49 7.72  53.5- 62.9
5 0.2-0.20 7 49- 72  60.1f 2.51 6.64 11.05 54,0~ 66.5
4 0.3-0.39 10 60~ 90  76.4% 5.33 10.55 13.79  68.9= 83.9
5 0.4-0.49 6 60-100 85.3+ 7.06 17.238 20.25 67.2-103.5
6 0.5-0.59 8 90-120 103.8% 4.98 14.08 13.57 92.0-115.6
7 0.6-0.69 5 100-135 118.0+ 7.84 17.54 14.86  96.2-139.8
8 0.7-0.79 4 135-150 142.5% 4.33 8.66 6.08 128.7-156.3
9 0.8-0.89 6 135-165 -155.0% 5.00 12.25 7.90 142.2-167.9
10 0.9-0.99 5 150-165 160.0% 5.85 8.66 5.41 143.4-176.6
11 1.0-1.19 10 180-240 204.0% 7.48 23.66 11.60 187.1-220.9
12 1.8-1.85 4 210-270 240.0+17.32 B34.64 14.43 184.9-295.1
13 1.4-1.59 7 240-300 270,0£11.34 30.00 11.11 242.2-257.8.
14 1.6-1.79 7 970-390 521.4+15.65 41.40  12.88 283.1-359.8
1.8-1.99 O 270-390 B540.0+13.23 39.69 11.67 309,4-370.6
16 2.0-2.19 4 B30-420 575.0£19.27 38.75 10.33 B13.7-436.7
17 2.2-2.29 6 360-450 415.0£14.32 35.07 8.45 378.2-451.8 -
18 2.3-2.39 6 420-510 480.0%l5.42 332.86 6.85 445.5-514.5
19 2.4-2.49 5 420-540 486.0522.05 49.30 10.14 424.7-547.3
20 2.5-2.82 6 450-540 7.44

470, 5=542.6
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2. RMg:

The whole sample was divided into 20 Rlio-length groups
(Table 25).

The distribution of the material within each group
was regular, resulting in an average coefficient of wvaria-
tion, for the whole sample, of 10.07. The accuracy fér
estimating the age was very high and extended from x 3
days, for a mean age of 40.8 days and a root length of
0.02 to 0.09 mm (group 1), to x 60 days for a mean age of
412.5 days and a root length of 1.9 to 1.99 mm (group 16).

The most variable value for the root length was 0.5
to 0.59 mm (group 6), corresponding to a mean age of 114
days and an accuracy for estimating the age of + 27.2 days.

The very low variability and standard deviations, in
addition to the high correlation coefficient suggest that

MS root length is a highly reliable indication of age.

3. 3@5:
The whole sample was divided into 13 RMg-length
groups (Table 26).

Variability in the distribution of the material within
each group were higher than in RMj and RMs, (¥=16.08).
Growth abnormalities in RMS were frequently encountered.
‘The accuracy for estimating the age from the root length
of MS was less than from My and Mg. It extended from % 4.8
days for a mean age of 55.9 days and a root length of 0.06
to 0.09 mm (group 1), to £ 74.5 days for a mean age of
510 days and a root length of 1.5 to 1.73 mm (group 13).

The most variable root length value was 0.2 to 0;29‘

mm (v=27.52), corresponding to a mean age of 102.s days
. ’

and an accuracy for estimating the age of + 13.6 days.
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Although, the root length of Mz was less accurate for’
~ estimating the age of the Skomer vole than My and My, it

js still a reliable criterion, but less so than the other

two lower molars.



vole from the root length of M
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Table 25. Numerical data for estimating the age of thé Skomér

V. Estimated age

15

540 days

)

540.0x -

G. Rilsl/ F. 0.Range/ MeantS.E. ~S.D.
No rm days ' ‘ ' range/95%c. 1.
1 Q02-0.09 6 35- 42  40.8& 1.17 2.85 7.00 37.8- 43.8
2 0.1-0.19 6 49~ 60 52.7+ 2.32 5.68 10.78  46.7- 58.6
5 0.2-0.29 10 60- 72  63.4% 1.60 5.06 8.11 58.8- 68.0
4 0.3-0.39 8 60-100 76.5% 5.93 16,76 21.91  62.5- 90.6
5 0.4-0.49 8 72-100 87.8% 3.49 9.88 11.26 79.5- 96.0
6 0.5-0.59 5 100-150 114.0% 9.80 21.91 19.22  86.8-141.8
‘7 0.6-0.69 6 120-165 135.0% 6.71 16.43 12.17 117,8-152.2
8 0.7-0.79 7 135-180 154.3% 6.31 16.69 10.82 138.8-169.8
9 0.8-0.99 4 150-165 -157.5% 4.33 8.66  5.50 143,7-171.3
10.1.0-1,19 12 180-270 212.5% 7.80 27.01 12.71 195.3-229.7
11 1.2-1.39 8 240-300 266.3+ 8.85 95.04 0,40 245.5-287.2
12 1.4-1.59 8 300-390 335.8+14.59 40.69 12.19 500, 0-367.9
13 1.6-1.69 5 270-390 342,0£20.35 45.50 13,30 285.4~393.6
14 1.7—i.79 6 300-420 B350.0+18.44 45.17 12.90 302.6-397.4
1.8-1.80 4 B360-420 382.5:14.36 28.72 7.5 336.8-428.2
16 1.9-1.99 4 360~450 412.5:18.88 37.75 0.15 353.5-472.5
17 2.0-2.09 5 426-510 1 462.0415.30 34,21 7.40 419.5-504.5
18 2.1-2.19 6 450-510 490.0£10.00 24.49 5.00 464.3-515.7
19 2.2-2.59 5 480-540 522.0£12.00 26.85 5.14 488262555, 4
20 2.49 mm 1 - -

540.0 days
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Table 26. Numerical data for estimating the

vole from the root -length of M:3 :

G. S.D. V. Estimated age
No

range/95%c. 1.

RMz1/ F. O.Range/ MeantS.E.
mm days '

006-0.09 8 49- 60 55.9+ 2.01 5.69 10.19 51.1- 60.6

49- 80 62.8+ 2.33 8.08 12.88 57.6= 67.9

1
2
3
4
5
6
7
8
0

10
11
12
13

0.1-0.19
0. 2-0. 29
0. 3-0. 39
0. 4-0. 49
0.5-0. 59
0. 6-0. 69
0.7-0.79

Oo 8-'00 89 )

0.9-1.09
1.1-1.29
1.3=1.49
1.5-1.73

10

11
12
10

72-165
100-165
135-180
165-270

-165-300

210-390
240-360
270-390
330~540
B360~540
480~540

102. 8% 6.49

128.8+ 6.43
165.0£15. 42
212.5+15.69
212.5120.65

270.04£16.73

306, 0+19. 90

346.4£13.64
447,5+16. 23
453, 0+22. 11
510. 0+17.32

28. 30
22.27
SC.OO
58;44
50. 87
52. 92
44,850
45,33
56.43
69. 93

30. 00

27.52

17.30

18.18
18.09
23.80
19.60
14.54
15. 06
12.61
15.44

5.88

89.2~115.5

114.6-142.9

127.7-2302. 3
172. 2-252. 4
159, 4-265. 6
232. 2-507. 8

250.7-361.3

315. 9-36"7.8
411.7-483. 3
403. 0~-503.0
435.5-584.5
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The relevant data are presented in Pigs. 28, 29, & 30,
and Appendices 27, 28, & 29.

The lateral grooves on the crowﬁs of the upper mélérs
closed at their 'upper™ end when the voles were 35 to 42
days o0ld. The neck then developed and grew until it had
1ts middle 'upper' point closed at the age of 72 to 100
days, though was sometimes delayed ﬁntil 120 days in MR
only. The earliest closure for the neck of M2 was recorded
in only one vole 60 days old. The roots then developed
and grew regularly throughout life with an average monthly
increase of O.lmm in RMY, 0.11 mm in RMZ, and 0.09 ma in
ruS, ‘ |

| The growth of- the neck and roots of the upper molars
~was highly correiated with age, (r=0.95 for RMl; r:O.Qé |
for RM® and RMJ) . | |

Varisbility was not high in the root length of ut
and Mg, as the mean value for the coefficient of wvariation
for the whole sample (¥) was 15.5 &>16;35 respectively.
The variability was higher in RMC, (¥=20.04).

% glveolar end.
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b.4. Estimating the age of ghg Skomer_vole grgm_tgé_lgngtg'
of the neck gnd rootg of _the upper _molarg: |
1. ngz

v The‘whole sample was dividedlinto 17 groups acéobding
to the length of the neck and roots of ul. The mean age,
standard deviation, standard errof, and coefficient of
variation were taken for eéch group, and‘are presented in

table 27. The 95% confidence limits were attached to the

mean age of each size—group.

The root length of Ml proved to be a reliable criteéion
as an age indicator. Variablility within each group is low
(v=12.41). fhe accuracy for estimating thes age was high,
extended from % 4.5 days for a mean age of 57.1 days and
a root length of 0.1 to 0.19 mm (group 2), to % 74.5 dayé
-(groups 10 & 17). The low accuracy for the latter two

groups was mainly due to the small gample size (only 3
: specimens comprised each of them).

The most variable root length value was l.l.to 1.29

mm (group 11) corresponding to a mean age of 242.7 days,

and an accuracy for estimating the age of + 39.8 days.
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Table 27. Numerical data for estimating the age of the Skomer

20 6"‘20 80

510.0x17. 32

vole from the root 1ength of Ml :
G. RMll/ F. 0.Range/ MeantS.E. S.D. V. Estimated age
No mm days range/95%c. L.
1 002-0.09 4 42— 49 47.3x 1.75 3.50 3.50 41l.7- 52.8
2 0,1-0.19 10 42- 60 57.1x 2.00 6.33 11.09 52.6- 61.6
3 0.2-0.39 9 60- 80 67.6% 2.53 7.60 11.25 61.7- 73.4
4 0.4-0.49 7 80-100  87.1% 5.59 9,51 10.92 78,3~ 95.9
5 0.5-0.59 5 90-100 92.0% 2.00 . 4.47 4.86  86.4- 97.6
6 0.6-0.69 7 100-165 117.1t 9.50 25.14 21.46 95;9—140.4‘
7 0.7-0.79 6 120-165 137.5% 7.16 17.54 12.75 119.1-155.9
8 0.8-0.89 8 120-165 144.4% 4.86 13.74 9.52 132.9-155:9
9 0.9-0.99 4 165-210 ~180.0£10.65 21.21 11.79 146.,1-213.9
10.1.0-1.09 3 210-270 240.0£17.33 30.00 12.50 165.5-314.5
11 1.1-1.29 11 180-360 242.7:17.84 59,18 24.38 203.0-282.5
12 1.3-1.49 4 210-300 240.0+21.22 42.45 17.68 172.5-307.5
15 1.5-1.69 9 240-420 5320.0421.21 63.64 19.89 - 271.0-369.0
14 1.7-1.99 13 270-450 355.4+12.64 45.57 12.82 327.8-383.0
15 2.0-2.30 7 420510 462.9+l4.45 38.17 8.25 427.5-498.2
16 2.4-2.59 9O 420-540 496.7+14.24 42.72 8.60 463.8-520.6
17 3 480-540 30.00 5.88

435.5=-584.5
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2. sz | |

~ The whole semple was divided into 20 RM?-1length
groups (Table 28). ' |

The digtribution of the material within each group
was regular and the variability was not high (v=14.6).
The accuracy for estimating the age extended from + 5.6
days (group 1), to + 98.4 days (group 19). The low accuracy
for the latter group ahdkalso for group 14 (accuracy being
+ 90.3 days) was mainly due to the small sample size.

The most variable root length value was 0.8 to 0.89
mm (v=24.44) corresponding to an aVérége age of 182.1 days .
(group 9). | o

Therefore, the root length of MS is considered to be
a good index of age, but is less reliable than the root
1ength of Ml

. Be EMS{

The whole sample was divided into 14 RM°-length
groups (Table 29). | - | A

Varlsbility in this molar was higher'than in RMl and
RM° (¥=16.33). The accuracy for estimating the age extended
from + 4.2 days (group 2), to + 70.9 days (group 9) The
.most varisble root length value was 0.4 to 0.49 mm (v=
24.94).

Again thié measurement is a good index, bht it‘isi

less reliable than RML and RMZ.
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Tabie 28. Numerical data for estimating the age of the Skomer

vole -from the root length of .2 :

S‘D. V.

4. 86

G. ngl/ . O.Range/ MeantS. E, Estimated sge
No mm days range/95%c. 1.
1 006-0.09 4 42- 49 47.3x 1.73  8.50 7.41 41.7- 52.8
2 0.1-0.19 7 42- 60 55.9% 2.78 7.36 13.17  49.1- 62.7
5 0.2-0.29 10 60- 80 ~ 66.4% 2.74 8.68 13.08 60.2- 72.6
4 0.3-0.39 12  60-100 B2.8% 4.20 14.56 17.58 75.6-02:1
5 0.4-0.49 3  80-120 100,0£11.55 20.00 20.00  50.3-149.7
6 0.5-0.59 7 90-135 109.3% 6.02 15.92 14.57  94.5-124.0
7 0.6-0.69 7  90-150 130.7% 7.82 20.70 15.84 111.6-149.9
8 0.7-0.79 5 135-165 159.0% 6.00 13.42 8.44 142.3-175.7
9 0.8-0.89 7 150-270 '182.1i19.91_ 44.52 24.44 133,4-230.9
10 0.9-0.99 4 180-240 217.5£14.36 28.72 13.21 171.8-263.2
11 1.0-1.09 8 180-300 232.5:17.70 50.07 21.54 190.6-274.5
12 1.1-1.290 5 210-360 270.0£26.83 60.00 22.22 195.4-544.6
1% 1.53-1.39 5 240-390 294.0£25.81 57.71 19.63 222.3-365.8
14 1.4-1.49 4 B00-420 337.5:£28.40 B56.79 16.85 247.2-427.8
15 1.5-1.59 5 270-390 B548.0£22.45 50.20 14.43 2£85.6-410.4
16 1.6-1.69 4 360-390 _567.5£ 7.50 15.00 4.08 B43.7-301.4
17 1.7-1.89 9 B500-480 383.3:21.08 65.25 16.50 334.6-432.0
18 1.9-2.09 9 B360-540 470.0:17.32 51.96 11.06 430.0-510.0
19 2.1-2.89 4 420-540 472.5%30.93 61.85 13.09 374.1-570.9
20 2.3-2.50 5. 480-540 516.0£11.22 25.10

484.8=-547.3




Table 29. Numerical data for estimating the

vole from the root length of M5 :
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6. Re®1/ F. O.Range/ MeantS.E.  S8.D. V. Estimated age
No mm days range/95%c. 1.
1 Q04-0.09 7 48~ 60 50.1: 2.8l 7.43 14.81 43.3- 57.0
9 0.1-0.19 11 49~ 72 61.2% 1.89 6.27 10.26 57.0- 65.4
5 0.8-0.29 14  60~100 79.6% 3.65 13.66 17.17 71.7- 87.5
4 0.3-0.39 8 90-135 110.0% 6.20 17.53 15.93  05.3-124.7
5 0.4-0.49 8 80-165 128.1:11.30 31.95 24.94 10L.4-154.9
6 0.5-0.59 8 100-165 140.0% 7.38 20.87 14.91 122.5-157.5
7 0.6-0.69 6 135-240 187.5:14.36 B55.18 18.76 150.6-224.4
8 0.7-0.79 7 165-270 210.0%14.27 57.75 17.98 175.0-245.0
9 0.8-0.89 6 180-360 250.0£27.57 67.58 27.01 179.2-320.9
10 0.9-1.09 14 240-420 B306.4£14.13. 52.86. 17.25 275.9-337.0
11 1.1-1.89 O 270-420 550.0+15.00 45.00 12.86 B15.4-384.7
12 1.3-1.39 7 300-510 415.7+24.87 65.79 15.83 354.8-476.6 -
15 1.4-1.59 12 360-510 447.5:18.26 63.26 14.14 407.3-487.7
14 1.6-1.90 7 450-540 510.0£13.07 34.64 6,79




148

Ii. Tooth wear:

The whole samplé of each subspecies was divided into
two groups, according to the presence or absence bf 8 neck
& roots in their molar teéth. The first group included all
young voles up to 35 days old. The growth of their molar
crowns was studied. The second group included all Voles

42 days and older. The wear of their molar crowns was studied.

a. The mainland bank vole:

Data for tooth wear in the‘mainland bank vole are
presented combined for the two sexes, as no significant

differences were found between them. The results of applying

the t test on 199 specimens, 5 to 540 days o0ld, are:

Crown of the first lower molar, (CHy): t64=0.13, P>0.8

" | " " gecond " "o (sz) s $64=0.26, P>0.,7
1" n . i third " ‘ 1" ’ (OM5) M t64=00 16, P > Oo 8
WM w pipet upper ", (CHY): t64=0.42, P>0.6
WM w geconda ' M ,(CMP): t64=0.32, P>0.7

woow W tpipa " ", (CMP): £60=0.31, P>0.7
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a.l. Growth and wear of molar crowns:

D e e e Paup WS e Tavs  Geub R el oW G et s e

Data for the growth and wear of each of the six molars
in the mainland bank vole are presented in Figs. 31 to 36
and Appendices 30 to 35.

The crown,'qf each molar, gréw very quickly during the
first month of the vole's life. It reached its maxinmum
height at an age extending from 30 to 35 days in CMq, -
(average height was 3.34 to 3.35 ma); 30 days in CMo,
(average, 3.04 mm); 35 days in CMz, (2.7 mm); 35 to 42
days in OM*, (3.92 mm); 35 days in CMZ, (3.23 mm); and
35 to 42 days in CM® (2.38 mm). |

;The crown height, over the age of 14 days, was affected’
by wear, as the voles had started to eai} solid food by that
time. Since the growth was very fast during the first month,

tooth wear was not obvious.

The crown, after reaching its maximum height, ceased
to grow. Its height started to decrease, 2s a result of
wear, and continuved throughout‘lifé, with a monthly éverage
rate of 0.14 mnm in CM;; 0.12 mn in CMg; 0.09 mm in CMg;
0.16 mn in Cl; 0.13 mm in CM%; and 0.08 mn in GX°,

The growth and wesr of the crowns of all the lower
and upper molars were highly correlated with age. Varla- ,

bility was not high throughout life (Table 50)
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Table 30. The correletion coefficient'between age and crown

height, and the mean coefficient of variation'for

the growth and wear of the six molar crowns in

the.mainland'bank vole:

haracter

Clty

>

Cilg

Citz

ot

3

cMe oM

r up to the

age of 35 days

r between the
ages 42 days
& 18 months

Average coeffi-
cient of varia-
tion up to the
age of 35 days

Average coeffi-
cient of wvaria-
tion over the
age of 42 days
onward '

0.80

_O- 90

5.09

13.26

0.79
~0. 90

. 6.55

12.33

C. 87

_00 95

6. 37

10.89

0. 86

"O. 95

5.96

14.95

0. 86 0. 85

-0.93

8.15

13.75 13.50




151

*(uoTpEwETdXe 07 6T *5Tg mm.mv *TOA JUB( PURTUTEW 8U3 JO .n? Jo 3u3TeY UMOJIO oY} JIOF OAIND Jesn pme .Apzo.uw oT¢ ‘o813

: : , (SAVQ) 39V .
009 . - 00§ oov ooe 00z - ool oS 0

0
-

——
o
~

(ww) wbBlay umoud Iy

——
—_——
[
(3]

+0-€

+5€

Lo



152

*(UOoT3eweTdxe J0F AT *3Tg 999) ¢2TCA JUeq PURTUTEW 94j JO Nz 3o ..Ew.mmn TIMOJIO oﬁ..nom o?nso;.n.mmz_wﬁm YMoxn ez 3T

(SAva) 39V :
009 00s 00r 00¢g 00z oot (39 0
. . L " L N s 0
+S-0
-o.—
* Iz
' Gt b
2
0
b3
o]
t 0z 3
@
ti :
- 2

. i
il b

G-

(Luwu)

LO-¥



153

s

+ (uoTdeUeTdX? 07 6T *STg 93g) «0TOA duEq @ﬂdﬁﬁmﬁ 2u3 Jo mz JO JUSTSY WMOID 89U} J0F SAJIND JeSM PUR UIMOIH *CE *3Tg

: (SAvQ) 39V
009 00$ - 00¥ 00¢ 00z oot 0s 0

n

S0

+ b | | . | | ._ o4

IR i

(ww)

tS-€

oy



154

.

.

o (uoT3EURTdX® JO0F LT *ITJ ©95) *OTOA Hweq PURTUTEW oUj ho_Hs JO 2uBTeY UMOJD OU3 JOF SANO JEOM PUR YMOIH *4¢ *STJ

. (SAva) 39V
009 00§ ’ oor 00¢g 00¢ oot oS 0
=
v S0
o}
o+ . W
4 , r§t 0
. 0
2
3
0T 3
Q
2

(i)

t0-v




155

.wdo..ﬂwqm.mmwom I07 6T .mﬂw 995) +oTOA Nueq PUETUTEW SU3 JO Nz JO 2USTOY UMOIO OY3 JOF OAJINO JEeM DPUR YMOID *S¢ *STJ

009

00¢

ooy

(SAvQ) 39V
00¢

(0]074

.

oot 0s

L6-0

0l

&

+0-Z

ot

‘0-v

(ww) 618y umouo ‘zw

Lgg .



156

o (uoTgeweTdxs 03 6T *STH 998) +TOA MU vnmﬁwﬂda U} 30 N 30 3U3TOY UMOJO 9UY3F JOT SAINO JedMm pue oIy ¢9f *STI

: : : (SAva) 3oV . _ ,
ooo oow , ,oov Oom ooN oo_ on o

4

ﬁné

o Py
& -—

0
(o]
(ww) mbpgq UAMOID CW

o€

‘0-¥



157

—— e s e e SHm bem M b GRS Sead R MOS med WS S ES M B e em R s

St S et My mea e S Wes  Mme  maD  Wed W mae | swe

The whole sample was divided into' two main categories
on the bagis of the presence or absence.of a neck‘and robts
in the first lower molar. The first group included all
voles 30 days and younger, whose fifst lower molars had not
yet developed necks. This‘group was divided into 7 groups
according to the height of the whole molar. The second
group included all voles 35 days and older, whose first
lower molars had developed necks and roots. This group was
divided into 16 categories according to the height of fhe
Crown.
The mean age, standard deviation, standard error, snd
coefficieﬁt of variation were computed for each category
and 95% confidence limits were attached to the mean age
(Table 31). . |
The accuracy for éstimating the age of voles of the
first main group (gfoups 1 to 7), was very high, as the
variability was low (¥=9.41). The.lowest accuracy was
'+ 3.7 days for a mean age of 22.1 days and a molar crown '
height of 3.2 to 3.29'mm‘(group 6). The accuracy was still
high in the second main group (¥=17.05), extended from

+ 5.1 days for a mean age of 66 days and a crown height
~of 3.09 to 2.9 mnm (éroup 12), to % 61.1 days for a mean
age of 365 days and a crown height of 1.29 to 1.2 mm
(group 20). |

_ Because of the low variability, the high accuracy for
estimating the age, the crown height of‘Mi is conéidered

8 reliable index for ageing the mainland bank vole.
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Table 31. Numerical data for estimating the age of the main-

land bank vole from the crown height of My :

49.90

G. CMlh/ F. 0.Range/ lleantS.E. S.D. V. Estimated age
No mm days range/95%c. 1.

11.3-1.79 6 5~ 77 5.7+ 0.42 1.05 18.22 4,6~ 6.8

3 9.0-2.69 6 10 days 10.0% - - - 10.0 days

4 2.7-2.89 4 14 days 14.0x - - - 14.0 days

2. 9"'20 99* -

6 3.2-3.20 7 17- 30 922.1% 1.52 4.02 18.15 18.4- 25.9
9 3.3.3.50 © 21- 30 27.7f 1.20 2.6l 13.03  24.9- 30.4

8 3.59-3.4 35— 42 38.5% 2.02 4.04 10.50 32.1- 44.9

9 3.39-3.3 4 42- 49 47.3+ 1.75 3.50 7.4l  41.7- 52.8
10 3.29-3.2 10 35- 60 5l.4% 3.74 11.82 22.99 43,.0- 59.9
11 %.19-3.1 O 42— 80 - 55.6+ 4.94 14.81 26.65 ~ 44.2- 67.0
12 5.09-2.9 24 49~ 90 66.0% 2.46 12.06 18.23 60.9- 71.1
13 2.80-2.8 7 60-100 80.3% 6.48 17.14 21.35 64.4- 96.2
14 2.79-2.6 20 72-120 95.3+ 3.91 17.49 18.35 87.1-103.5
15 2.59-2.4 19 100-210 147.6% 7.34 31.99 21,67 132.2-163.0
17 9.19-2.0 18 150-240 102.5+ 7.79 B33.04 17.17 176.1-208.9
18 1.99-1.7 15 180-270 234.0% 7.86 30.43 13.00 217.2-250,8
19 1.69-1.3 10 240-360 297.0+13.00 41.11 13.84 267.6-326.4
20 1.29<1.2 6 B300-450 365.0+23.77 58.22 15.95 303.0-426.1
21 1.19-1.0 9 B300-510 393.3+23.69 71.06 18.07 338.6-448.1
22 0.99-0.8 12 B330-540 420,0+16.92 58.62 13.96 5382.8-457.2
23 0.79-0.6 10 390-540 477.0+15.80 10. 46

441.3-512.7 -

% These measurements were not available in

the sample.
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2. CMo: - . | ‘ o

The whole sample was divided into 2 main groups on
the same basis which has been used on CM1. The first groub
Was‘divided into 7 and the second into 15 crown—heighf
gub-groups (Table 32). »

Variability in the distribution of the material within
each size-group was not high (¥=7.21 for the first main
group =-groups 1 to 7- , and F=15.94 for the second - -
groups 8 to 22- ). The accuracy for estimating the age
was high. The lowest was + 56.9 days (group 20).

The low varisbility, along with the high correlation
coefficient madé the use of the crown heighf of Mg, as an

age indicétor, of a higﬁ value throughout life.

3. CMz: v A
The whole sample was divided into two main groups.
The first group was, in turn, divided into 6 sub-groups,
and the second into 13 (Table 33).
The distribution of the material within each sub—group,'
was 1ess regular than in CM; and CMg, and the variability-
. was higher, (v=8.29 for the first main group, and 19.69
for the second). But the accuracy for estimating the age
was high enough to make the crown height of Mz a reliable

index of age.



160

Table 32. Numerical deta for estimating the age of the main~

land Dbank vole from the érown height of M? :

S.D.

G. Ciigh/ F. O. Qqnge/ lieantS. E. V. Estimated age
No mm days . renge/95%c. 1.
1 1.0-1.49 6 . 5~ 7 5.7+ 0.42 1.03 18.22 4,6~ 6.8
2 1.5~1.59 2 7 days 7.0+ - - - 7.0 days
1.6-=1,990% = -
3 2.0-2.29 4 10 days 10.0+ =~ - - 10.0 days -
4 2,3-2.59 4 14 days 14.0¢ - - - 14,C éays
5 2.6-2.79 & 17 deys 17.0¢ - - - 17.0 days
6 2.3-2.99 10 17~ 30 28.3+ 1.30] 4.11 17.64 20. 4~ 26.2
7 3.0-3.29 11 21—~ 30 26.7+ 1.18 3. S0 14.59 24,1~ 29.4
8 3.20-3.2 2 35— 49 42,0+ 7.00 9.90 23.57 A
9 3,19-2.9 15 35= 60 48,5+ 2.43 2.40 18,40 43,3= 53.7
10 2.86-2.7 26 365~ 80 €2. 2% 2.75 14.02 22.56 56.5— 67.8
11 2.69-2.6 9 60-100 78. 0+ b.44 16.31 20. 91 65.4= S0.,6
13 2.49-2.4 5 90-120 100.0+ 5.48 12.25 12.25 84.8-115;2
14 2.39-2.2 24 100-210 140.,0+ 6.94 33.93 24.27 125.6-154.4
15 2.19-2.0 256 120-270 190.2+ 7,28 36.41 19.15 175.2-20L.92
16 1.99—1.8 16 13E-270 216.6+ 92.39 37.54 17.33 196.6-2356,.6
17 1l.79-1.6 6 210-270 245.0+12.04 29.50 12.04 214,1-275.9
18 1.59-1.3 12 24Qﬁ560 302.5+11.94 41.37 13.68 275.2-328.8
 19 1.29-1.2 8 330-480 386.3£20.78 58.78 15.22 537;0—455.0
21.0.9940.8 10"560—480 426,0+14.00 44.27 10.39 394,0-457.6
22 0.79-0.6 7 420-540 4902.9+17.12 45, 36 89.20 450.9-534.8

* These meacurements were not available in the sample.

A The 95% confidence llmits were not attached to the mean.

age because the sample size was small.
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Table 33. Numerical data for estimating the age of the main-

land bank vole fron the crown height. of M3 H

Cligh/ .

age because the sample size was small.

G. 0.Range/ MeanzS.E. S. D, V. DBstimated age
" No mm . days : ' ‘rfngg/95%c.1.
11.0-1.39 4 10 days 10.0x - - - - 10.0 days

1.4-1.49% ~. )

l1.7-1.89% - :

2. 2=2, 20% _ _ v
4 2,3-2.32 2 17- 24 20.5+ 3.50 4,05 24.15 A
5 2.4-2.59 13 21- 30 @ 24.9+ 1.04 3.7 15.06 22,7~ 27.2
6 2.6-2.89 4 30 days 30,0+ = - - 30.0 days

\ .

7 2.99=2.9 2 .35=- 49 42,0+ 7.00 9.90 23.57 A v
8 2.89-2.6 17 35- 60 46,2+ 2.26 9.30 20.11 41.7~ 50,8
9'2.5é~2.5 6 - 42- 80 58,5+ 5.27 12.90C 22.04 45.0-72.0
10 2,49-2.3 19 49- 90 ‘65.7i 2,45 10.67 16.24 60.5- 70.8
11 2.29-2.1 26 46-120 92,7+ 4.30 21.91 23.63 83.8-101.6
12 2.09~1;9 23 72-210 " 145.1+ 9,37 44.95 30.98 125.7-164.5
13 1.89-1.6 42 100-270 197.3+ 7.38 47.80 24.23 182.4-212.2.
14 1.59~1.4 9 210-300 250.0+12.25 36.74 14.70 221.7-278.3
16 1.19~1.1 8 300-420 356.3+13.22 57}39 10.50 524.9—587.6
17 1.09-0.9 16  330-~540 ‘403.1118.16 72.64 18.02 '364.5-441.8
18 0.89~-0.8 6 360-~510 44Q.Oi20.00 48. 99 11.15 388.6—491.4_
19 0. 79-0,7 8 3&90-540 476.3x16.47 46.58 - 9.78 457.2—515.5

* These 'measurements were not available in the sampléf

A The 95% confidence limits were not attached

to the mean
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4. gml:

The whole sample was divided into two main groups on -
the bagis of the pregénce or absence of a neck and roots
in the first upper molar. The first gfoup was divided into
7 sub-groups, gnd the second into 17, according to the crown
height of the first upper molar. Data for each sub-group
were treated as before and presented in table 34.

The distribution of the material w1thin each group was
regular. Variability was very low in the first 7 sub-groups,
(¥=4.91)., They were higher in gub-groups 8 to 24, (v=19.0).
~ Accuracy for estimating the age was high. The lowest, being
+ 80.9 days (group 20), corresponding to a crown height of
2.09 to 2.2 mm. All other results showed in table 34 ére |

accurate enough for CMl-height to be used as én ageindicator

throughout life.

" 5. 932:
" The whole sample was divided into two main groups.h
The first was, in turn, divided into 7 sub-groups and the
second into 18 (Table 35). | |
The distribution of the materialwithin each size—groupl
was regular. Variability was not high, (v=5.94 for the first
main grouﬁ, and ¥=18.51 for the second). The accuracy for
estimating the age was high, extended from + 0.0 (groups 1
to 4), to & 65.5 days (group 20). The latter represented
a mean age of 360 days, end a crown height of 1 59 to 1. 4
mm.

The helght of CM2 is again another relisble age index

throughout l1fe._
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Table 34. Numerical data for estimating the age of the main-
land bank vole from the crown height of

/Il B

G.

Mean+S, E.

13

40. 36

ciln/ F. 0.Range/ S.D. V. Estimated age
No mm - days : range/95%c. 1.
11.3-1.69 4 5 days 5.0+ - - - 5.0 days
2 1.7-1.99 4 7 days 7.0 =~ - - 7.0 days
200“2.19* -
3 2.2=-2.79 6 10 days 10.0% =~ - - ~10.0 days
2.8-2,89% - .

4 2.9-3.19 4 14 days 14.0+ - - - 14.0 days
5 3,2-3.49 8 17- 24 21.0+ 1.22 3.46 16.50 18.1- 23.9
6 3.5=2.79 15 17— 30 24.5% 1.13 4.39 17.89 22.1- 27.0
7 3.8-3.99 4 30 days 0.0+ - - - 30,0 days
8 4,29-408. 6 B35~ 60 48.0t 4.20 10.30 21.45 37.2- 58.8
9 3.99-3.9 8 35~ 60 49.6% 3.42 9.66 19.47 41.5- 57.7

10 3.89-3.7 17 35— 80 53.1t 2.89 11.93 22.46 47.0- 59.3

11 3.69-3.5 20 42- 90 . 65.3% 3.17 14.18 21.72 58.7- 71.9

12 3.49-3.4 6 60- 90 " 73.7+ 4.91 12.03 16.33 6l.1- 86.3

3.39~3.2 16 72-150 92.8#% 4.97 19.88 21.43 82.2-103.3

14 3.19-3.1 7  90-135 109.3+ 6.02 15.92 14.57 94.5-1284.0

15 3,09-3.0 11 120-165 143.2+ 5.49 18.20 12.71 130.9-155.4

16 2.99-2.8 21 100-240 156.2¢ 9.05 41.47 26.55 137.3-175.1

17 2.79-2.6 14 120-270 205.7+14.10 52.76 25.65 175.3-2%6.2

18 2.59-2.4 14 135-270 205.7+13.20 49.38 24.00 177.2-234,2

16 2.59-2.1 13 180-330 233.1+12.32 44.42 19.06 206.2-259,9

20 2.09-2.0 5 210-360 246.0+29.09 65.04  26.44 165.1-326.9

21 1,99-1.7 10 240-450 327.0+21.19 67.01 20.49 303.6-350.5

22 1.69-1.4 10 270-540 390.0+31.62 100.00 25.64 318.5-461.5

23 1.39-1.0 18 B330-540 403.3x13.77 58.41 14.48 374,3-432.4 -

24 0.99-0.8 7 450-540 484.3+15.25 8. 53

446-9*521.7

* These . measurements were not available in the sample..
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Table 35. Numerical data for estimating the age of'the main-
land bank vole from the crown height of

MR P

520.0+10. 00

17.32

¢. Ciu*h/ P. O.Range/ MeantS.E. . S.D. V. Estimated age
No mm days range/95%c. L.
1 0.9-1.19 4 5 days 5.0% = - - 5.0 days
1: 2‘-10 29* hend . . ’ . . .
2 1.3-1.59 4 7 days Te O =~ - - 7.0 days
1.6-1.79% — . _ '

3 1.8-1.99 4 10 days 10.0+ - - - 10.0 days
. 2.0-2.19% - '

4 2.2~2.59 4 14 days 14.0+ - - - 14.0 days

6 3.0-3,19 9 21— 30 24.7+ 1.39 4.18 16.96 21.5- 27.9

9 3.20-3.1 15 35- 60 48.5+ 2.52 9.77 20.15 43.1- 53.9
10 3.09-3.0 11  49- 80 59.9+ 2.87 9.52 15,90 53,5~ 66.5
11 2.99-2.9 9 49- 90 68.9% 4.97 14.90 21.62 57.4- 80.4
12 2.89-2.7 18 60-150 87.6+ 5.10 21.64 24.72 76.8- 98.3
18 2.69-2.6 11  72-185 98.1t 6,14 20.38 20.78  84.4-111.8
14 2.59-2.5 11 100-180 125.0+ 8.20 27.20 21.76 106.7=143.3
16 2.39-2.2 21 100-270 200.5+10.44 47.83 23.86 178.7-222.3
17 2.19-2.1 9 135-270 200.0:14.36 43.08 21.54 166.8-233.2
18 2.09-1.9 12 135-330 228.8£14.20 49.18 21.50 197.5-260.0
16 1.89-1.6 11 210-360 283.6+16.86 55.91 19.71 246.0-321.2
20 1.59-1.4 10 240-540 360.028.98 91.65 25.46 204, 5=425. 5
21 1.39-1.2 9 300-510 403.3+24.04 72.11 17.88 347.8-458.9
22 1.19-1.0 8 320-540 412.5+26.44 74.79 18.1% .349,8-475.2
23 0.99-0.9 5 B360-480 420.0+21.21 47.43 11.29 361l.0-479.0 °
24 0.89-0.8 4 420-480 450.0:12.25 24.49 5.44 411.0-489,0
25 0.79-0.7 3 510=-540 3,33

A77,0-563.0

* These measurements were not available in the sample.
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6.,QM3:

The .whole gample was divided into two .main groups.. N
The first of them was divided into 6 sub-groups, and the
second into 15 (Table 36). | | ,

 Variability in the distribution of the material,

within each size~group, was somewhat, higher for this molar,
than for CMY and CHP, (¥=8.74 for the first main group,
and ¥=23.82 for the second). The highest varizbility |
(v being 52.99) occurred in voles with CM® height of 1.89
mm, a mean age of 146 days,va étandard deviztion of 53.6

days, a maximum age of 174.6 days, and a minimum age of

117.5 days with a probability of 0.05.

" In spite of the slightly high variability, cumd height
is still a .reliable character for ageing the mainland bank
vole (Table 36), as the accuracy is still high.
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Table 36. Numerical data for estimating the age of the main-

land bank vole from the crown height ofv

I\'Is :

G. CM°h/ TPF. O.Renge/ MeantS.E. s.D. V. Estimated age
No um . cays : range/95%c. 1.
1 0.9-1.29 4 10 days 10.0+¢ - - - 10.0 days
2 1.5-1.59 8 14- 17 15.5+ 0.57 1.60 10.35 14.%2- 16.9
3 1.6-1.99 4 17. 21 18.0f 1.00 2.00 11.11 14.8- 21.2
4 2.0-2.19 8 21. 24 22.5+ 0.57 1.60 7.13 2l1.9- 93.9
7 2.59=2.5 3 35= 42 37,3+ 2.33 4,04 10.83  O7.%= 47.4
8 2.49-2.3 18 35— 60 29.4% 2.31 9.79 19.82 44,5~ 54.3
9 2.20-2.2 9 49~ 80 64.7+ 3.97 11.91 18.41 55.5-:7328
10 2.19-2.1 13  49-100 70.9+ 4.55 16.39 23.13 60.9- 80.8
11 2.09-2.0 12 60-150 92.5+ 7.08 24.54 2£6.53 76.9-103.1
12'1.99-1.9 14 60-180 109.1+10.07 37.68 B34.55  87.3-130.8
14 1.79-1.7 17 72-270 169.5+13.57 55.93 32.99 140,8-198.3
15 1.69-1.6 11 100-240 175.5+12.91 42.81 24.40 146.7-204. 2 .
16 1.59-1.5 15 135-270 210.0+10.04 38.87 18.51 188.5-231.5
17 1.49-1.4 13 150-360 258.5+16.12 58.14 22.50 223.3-203.6
18 1.39-1.2 10 150-480 294.0+29.93 94.66 32.20 £26.4-361.6
19 1.19-1.1 8 270-540 3G7.5+28.77 81.37 22.14 299, 3-435.7
20 1.09-0.9 14 270-540 409.3+21.00 %8.59 19.20 363.9-454,7
21 0.89-0.6 15 434.0417.29 66.95 15,43

330-540
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b. The Skomer vole:

Data“forAtooth wear in-the Skomer vole are pfesented
combined for the tvo sexes, as no significant differences
were Tound between thém. Regults of applying the t test
on 169 gpecimens, aged 5 to 540 days, (64 degrees of free-

dom), are:

Crown of the first lower molar, (CMj): 64=0.35, P>0.7

""" seconda " "o, (cmg): t64=0.58, P>0.5
woon M thirg " "o, (CM5) t60=0.56, P> 0.5
1 " " firs‘t upper " ’ (Giﬂl) H ‘ t64‘=00 50, P 5 O. 7
WM M gecond M M, (CHP): t64=0.42, P>0.6
moowwogpirda " v, (cu®): t60=0.46, P>0.6

b.1l. Growth and wear of molar crowns:

e i vem e e WS e G e Gt Gma e wms  Gwe  Gem G

The relevant data are presented in Figs 37 to 42 and
Appendices 36 to 41. |

The lower and upper molars in the Skomer vole, grew‘

very quickly during the first month of life. The crown,
after reaching its maximum height, started to decrease, as
"a result of wearing, which started since the voles were
14 days old. Wear .of the crown continued throughout life
with an average monthly decrease which differs from one,v
moler to another (Table 37). | | |

The growth aﬁd wear of ali the molar crowns were
highly correlated with age and variagbility was ﬁot high
' (Table 38). | | |
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‘Table 37. Data showing the average maximum height 6f molar'
| crowns in Skomer voles, the age of voles when
their molar crowns reached this height, and the

monthly average decrease of the crowns:

Character cup  CM,  Clg cart ou®  od

Average maximum

height/mm of 3.74 3,38  2.92 4.21 & 3.59& B2.79&
the crown B - 4.23 3. 60 2.80

Age of Skomer

voles when they 42 35 35 & 42 & 42 & 42 &
have the maximum ‘ 42 49 49 ' 49

crown height/days

Average monthly

decreage of 0.15  0.15 0.11 0.16 0.14 0.10
crown height/mm A




169

Table 38. Data showing the correlation coefficients, and .
the average coefficients of variation of . the

molar crowns in the Skomer vole:

Character ~  CM;  CMy cu,  out ow® o

r up to the age 0.89 0.88 0.86  0.95 0.92 0.9l
of 35 days : : L

r between the : ’ '
ages 42 days ~0.96 =0.96 =0.94 -0.95 =0.94 =0,94
& 18 months :

Average coeffi~ '

cient of veria- 2.07 2.51 4.74 2,30 2.94 . 4.36
tion up to 35 '

days

Average coeffi- ‘ '
tion over 42 A . _
days onward
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The whole sample was divided into two main groups, on
the basis'of the presence or sbsence of -a neck and roots in
each of the six molars which were anaiysed separatly. The
first group included all voles 30 days and younger. The
gsecond, included all voles beyond the age of 35 days. Each
of these two main groups, were divided into many other.'
groups according to the crown height of'each of the six

molars which are ﬁresented as follow:

.‘1. ngz _ ‘
The first main gr@up was divided into 8 and the second
into 17 CMy-height groups (Table.39).

Varishbility in the distribution of the materiasl within
each group was not high (¥=2.18 for groups 1 to 8, and V=
13.% for groups 9 to 25). The accuracy for estimating the
age was high. It extended from % 0.0 in groups 1 to 5 with
a crown height of up to 3.19 mm; group 8 with a crown
height of 3.6 to 3.79 mm; and in group 25 with a crown
height of 0.94 to 0.82 mm, to & 54.5 days (group 22), for
a mean age of 390 days and a crown height of 1.59 to 1.4

.mMm.
The most variable crown height value Was 2.99 to 2.9 .

mm (group 15) representing a mean age of 130 days and an

accuracy for estimating the age of + 36.5 days.

The regular distribution of the material, the low
dispersion and the high accuracy, together with the high.

correlation coefficient enhance the value of CM; height as

.age indicator. ‘ . o - '
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Table 39. Numerical data for estimating the age of the SkomerA~

vole from the crown height of Ml :

Yo mn;l' days range/95%c. L.
1 1.5-1.59 2 5 days 5.0+ = - - 5.0..days
10 6"‘1. 79* band N . ’
2. 0-20 29* hand 7 . ‘ .
3 2.3-2.49 5 10 days 10.0+ = . - - 10.0 days
2. 5-2, 79% = |
4 2.8-2.99 4 14 days 14.0%+ - - - 14.0 days
5. O_So 09* -
5 %.1-3.19 4 17 days 17.0¢ - - - 17.0 days
50 2-5- 29* bt ’ . .
7 %.5-3.50 8 . 24- 50 27.8% 1.10 3.1l 11.19 25.1- 30.4
8 3.6=3.79 b 30 days 30.0f =~ - - 30.0 days
9 3.99-5.8 4 35— 42 - 36.8% 1.75 3.50 9.52 51.3- 42.5
10 3.79-3.6 8 35— 60 45.1f 2.96 8.37 18.56 38.1- 52.2
11 3.59-3.5.12 - 85- 60 51.3% 3.28 11.36 22.12 44.1- 58.6
12 %.49-3.4 2 60- 72 66.0% 6.00 8.49 12.86 A
13 3.39-3.1 21 60-100 81.2+ 3.03 13.89 17.10 74.9- 87.6
14 3.09-3.0 3 120-135 125.0% 5.00 8.66 6.93 103.5-146.5
15 2.99-2.9 100-165 130.0£13.13 29,37 22.59 93.5-166.5
16 2.89-2.8 4 120-150 138.8%+ 7.18 14.3¢ 10.35 115.9-161.6
17 2.79-2.5 13 120-210 169.6+ 8.20 .29.61 ~17.46 151.7-187.5
18 2.49-2.3 7 150-240 201.4112.62 33.38 16.57 170.5-232.4
19 2.29-2.0 7 210-330 278.6+15.62 41.40 14.86 240.3-316.8
20 1.99-1.7 10 240-390 309.0416.76 53.00 17.16 271.1-346.9
21 1.69-1.6 4 330-390 3560.0+£12.25 24.49 6.80 321.0-399.0
22 1.59-1.4 12 270-540 590.0+24.77 85.81 9£2.00 335.5-444.5
23 1.39-1.3 3 420-450 430.0£10.00 17.35 4.03 387.0-473.0
24 1.29-1.0 12 420-540 482.5+10.08 34.93 7.24 460.3-504.7
25 0.94-0.82 2 540 days 540.0% = - -~ 540 days

* These measurements were not available in the sample.

A The 95% confidence limits were not attached to the mean
age because the sample size was small.
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2. CMo: v ‘

The first group was divided into 9 and the second ihto
16 CMg-height groups (Table 40). |

The distribution of the material within each group was

regular. The accuracy for estimating the age was high, which
extended up to  88.3 days (group 23) for a mean‘age of 440
days énd’a crovn height of 1.39 to 1.2 mm. The most variable
erovn height value was 2.99 to 2.8 mm (v=28.13) repre enting
a mean age of 116.4 days, an accuracy for estimating the age
of £ 30.3 days (group 14). The varizbility in the distrib-
ution of the material for the whole sample was not high
(v=2.33 for the firét 9 grbups and v=16.81 for groups 10
to 25). All theée'factors along with the high correlation

coefficlent, make CMg height a useful age indicator.

5; CMyzs

The first main group wasg divided into 7 and the second
into 16 CMz-height groups (Table 41).

In spite of the third lower molar being not straight
in shape, and therefore difficult to measure, results with
high accuracy were obtained. Variability for the diStrib-
ution of the material, within each size-group, was- not
high, (¥=3.24 for the first group, and ¥=20,19 for the

second).
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Table 40. Numerical data for estimating the ége of thé'Skomer

Yole from the crovm height of M2 :

G. CMZh/ F. O.Range/ licantS.E. 8.D. V. 'stlmafcd aée
No mm days ' : range o5%c. 1.
11.2-1.29 2 5 days 5.0+ - - - 5.0 days
1.3-1,59% - v .
2 1.6 1.69 4 7 days 7.0+ - - - 7.0 days
5 1.9-5.00 3 10 days 10.0+ - - - 10.0 days
2.1-2,490% - |
4 2.5-2,69 4 14 days 14.0% =~ - - 14.0 days
2. 7=2.79% = ;
5 2.8-2.89 4 17 days 17.0+ =~ - - 17.0 days
2.0-2, 90% -
6 3.0-3.19 4 21 days 21.0+ =~ - - 21.0 days
7 3,9-3.29 7  24=- 30 27.4%f 1.21 3.21 11.60 24.5- 30.4
8 3,3=3,39 5 24~ 30 28.8% 1.20 2.68 0.32 25.5- 22.1
9 3.,4-3.49 2 30 days 30.0t+ = - - 30.0 days
10 3.59-3.4 4 B5- 42 . 36.8+ 1.75 3.50 9.52 31.2- 42.3
11. 3.39-3.2 16 B5= 60 ° 47.64 2.51 10.02 21.04 42.3=-55.0.
12 3.19-3.1 13 60-100 70.3% 3.76 13.56 19.29 62.1- 78.5
13 3.09-3.0 6 60-100 80.7+ 6.12 15.00 18.80 64.9~- 96.4
14 2.99-2.8 7 80-165 116.4+12.38 52.75 28.13 86.1-146.8
15 2.79-2.7 8 100-165. 133.8+ 8.22 23.26 17.39 114.3-153.2
16 2.69-2.5 6 120-270 175.0+21.45 52.54:% 30,02 119.9-230.1
17 2.49-2.3 12 135-300 188.8+13.24 45.88 24.31 159.6-217.9
18 2.20-2.0 9 210-300 236.7+10.54 31.62 .13.36 212.3-261.0
19 1.99-1.9 5 240-360 294,0£19.90 44.50 15.14 238.7-349.3
90 1.89-1.8 6 .270=-390 340.0+20.00 48.09 14.41 988.6-391.4
21 1.79-1.6 5 B300-390 348.0+18.00 40.25 11.57 298.0-398.0
22 1.59-1.4 O 970-420 360.0+17.32 51.96 14.43 320,0-400.0
24 1.19-1.0 10 420-540 474.0+11.66 36.88 7.78 447.7-500.4‘
25 0,99-0.65 5 480-540 516.0+11.21 25.10 - 4.86 484,9-547.2

* These measurements were not available in the sample..
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for estimqting the age of the Skomer

23

1.09-0.78 7

480-540

vole from the crown height of MS :
G.  Cil,h/ F. O.Range/ MeantS.B.  8.D. V. Estimated age
No mm days : range/95%c, 1.
11.0-1.19 3 10 days 10.0+ = - - 10.0 days
10 2""1. 69* - ’ )
2 1.7-1.89 4 14 days 14.0+ - - - 14.0 days
3 2.0-2.19 4 17 days 17.0¢ = - - 17.0 days
2, 2-2.20% - ' R
4 2,3=-2.69 4 21 days 21.0+ =~ - - 21.0 days
5 2.7-2.79 6 24- 30 27,0+ 1.34 3.29 12,17 23.6- 30.4
6 2.8-2.80 4 24— 30 28.5% 1.50 3.00 10.53 23.7- 33.3
7 2.9-3.05 4 30 days 30,0+ = - - 30.0 days
9 2.99-2.9 5  35- 60 44.2+ 4.73 10.57 23,91 3l.1- 57.4
10 2.89-2.8 11 35- 80 - 53.6+% 5,10 16.93 31.61 42.2~ 64.9
11-2.79-2.7 11  49- 90  64.6% 4.49 14.88 23.02 54.6- 74.7
12 2.69-2.6 10 60-100 78.4+ 6.06 19.16 24.43 64.7- 92.1
14 2.49-2.4 6 90-165 123.3:12.63 30.93 25.08 90.9-155.3
15 2.39-2.3 6 120-165 137.5+ 8.14 19.94 14.50 116.6-152.4
16 2.29-2.1 11 135-300 181.4+15.59 51.72 28.52 146.6-216.1
17 2.09-2.0 6 165-270 195.0+16.43 40.25 20.64 152.8-237.2
18 1.99-1.8 7 210-390 295.7£23.99 63.47 21.46 236,9-354.5
10 1.79-1.6 14 210-420 285.0£17.72 66.30 23.26 246.7-323.3
20 1.59-1.4 5 270-390 B342.0£20.35 45.50 13.30 285, 4-398.6
21 1.39-1.2 10 270-480 390,0£23.24 73.48 18.84 337,5-442.5
22 1.19-1.1 7 390-540 458.6+19.33 51.13 11.15 411,2-505.9
514.3+10.20 26.99 5.25 489,3-539.3 .

. ¥ These measurements were:not available in the sample.
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4. cml |

‘ The first main group was divided into 8 and the
second into 15 ClL-height groups (Table 42).

The distrlbution of the material according to ol
height was regular with low variabllity, (v=2.26 for the
first main group, and v=20.87 for the second), which, with
the high correlation coefficient, make cut height a useful

index.

5. Qﬁzz ' ‘

The first main group was divided into 8,Aand the
second into 17 CMg-height gfoups. Data for each size—grdup
were treated as before and presented in table 43.

The regular distribution of the material according
to CM® height, the low &ariability, (¥=0.0 for the first
mein group, v=16.53 in the second), and the high accuracy
for estimating the age , again make om® height a reliable

index.

The first main group was divided into 7, and the second
~into 13 CuP-neight groups - (Table 44).

A The distribution of the material, according to oM
height, within each size-group was regular. Varlability
was low, (¥=3.18.for the first main group =-groups 1 to 7 -,
and v=18.57 for the second, =-groups 8 to 20-).

| The accursacy for estimating the age was high, extended
from + 0.0 in groups 1 to 4, & 7, to £ 96.4 days (group 19).
‘All these factors, . along with the high correlation coeffi-
cient, enhance the value of omd height to be used as an-

‘age indicator in the Skomer vole.
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Table 4u. Numerical data for estimating the age of the Skomer

vole from the crown height of

.

wt

Ci*h/ F. O.Range/
mm days

G.
No

Mean+S. T, S.D. V. Estimated-age

range/95%c. 1.

1.7-1. 5.0f = - -

1.

89
9
.09
3
5
9

5 days 5.0 days

ale
ko4

7 days 7.0+ - - - 7.0 days
0 _ -

9
Y

2
3.19
3.
3

7
1.9~
2.0~2
2e 12 _
e 4—2. 10 days 10.0+ -~ - -
.6
0~
P
3~
L
7
9-

10.0 days

. 14 days 14.0+ - - - 14.0 days
20%
.59
3.69
-3.89

3. 99

17.0¢ = -
22. 0% 0.63 1.55
28. 0+ 1.27 3.10

17 days
21- 24
24—~ 30
30 days

*

17.0 days
20,4~ 23.6
24,7- 31.3
30.0 days

oo, B w v ¢
ool pdlulpdl

2
3
Se
5 LY.
3
3
3

10
11
12
13
14
15
16
17
18

19

20
21
22
23

4.39-4,1
4.09-4.0
3.99-3.9

5. 89"508 ‘

3.79-3.6
3.59-5.4
3. 59~3. 2
3.19-3.0
2. 99-2.6
2.59-2. 3

26 29-2. O

1.99-1.8
1.79-1.6
1.59-1.4
1.39-1.0

16
11
10

11
10

11
10
10

o 0 O O

35— 60
35— 80
60— 90

' 80-100
90~-165

100-180

135-300

165=360

180-420

210-390

240-390

270-510

| 330~540

420-540

480-540

48.1+
' 53.4%
68.6% 3. 52

88. 0+
119. 2+12. 48
117.7+ 7.24
175.5418. 58
218. 3+23. 20
250, 9+24. 34
300. 0£16. 75
330. 0£16. 7%
390, 0£37. 15
455, 0430, 41
480.0417. 32

505,0+14. 32

’

239
5' 71

3.75

.57
18. 95
10. 50
8. 38
30. 56
24. 02

58.76

69.60

80.80
52.92

52. 92
90. 99

74.50

42.43

35,07

: 45. O- 530 1

40,6~ 66.1
61.1- 76.1
77.6= 98.4
87.1-151.2
101.6-15%. 9
153.5-217.5
164.7-271. 9
196. 6-305. 2

262, 2-357.8
292, 2-367.8
294, 5-485.5
376.9-533. 2
455.5-524.5

468, 2-541.8

‘¥ Thege measurements were not available in

the sample.
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Numerical data
vole from-the
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for estimating thc age of the Skomer
crovn height of -

¢. Cu’n/ F. O.Range/ lNMeaniS.E.  S.D. V. Estimated age
No mm days g ' range/05pc 1.
11.2-1.29 2 5 days 5.0+ - - - 5.0 days
lo 5-10 59* - :
2 1.4-1.59 4 7 days 7.0+ - - - 7.0 days
1.6-1.89% — . . ’
3 1.9-2.09 3 10 days .10.0% ~ - - 10.0 days
2.1-2,39% =
4 2,4-2.69 4 14 days 14.0+ - = - 14.0 days
5 2.7-2.89 4 17 days 17.0% - - - 17.0 days
20 9"‘80 99* - s .
6 3.0-3.19 4 21 days 21.0+ - - - 21.0 days
7 3.2-3.29 4 24 days 24.0% - - - 24.0 days
8 3.3-3.49 10 30 days 30.0f ~- - - 30.0 days
9 3.75-3.7 3 35- 49 42,0+ 4.04 7.00 16.67 a
10 3.69-3.5 13 35— 60 46.5+ 2.92 10.53 22.67 40.1- 52.8
12 3.39-3.3 14 60-100 74.4+ 4.0l 15.01 20.17 65.8- 83.1
13 3.29-3.2 6 72-100 87.0f 3.96 9.70 11.14 76.8- 97.2
15 3.09-2.9 15 100-180 136.0+ 7.04 27.27 20,05 120.9-151.1
16 2.89~2.7 9O 135-270 171.7+14.17 42.50 24.76 138.9-204.4
17 2.69-2.5 11 185-270 208.6+ 9.59 31.79 15.24 187.3-230.0
18 2.49-2.3 6 210-360 280.0+24.08 58.99 21.07 218.1-341.9
19 2.29-2.1 8 270-390 307.5+13.59 38.45 12.50 275.3-339.7
20 2.09-1.9 O 240-420 B320.0+33.91 101.73 31.79 241.7-398.3
21 1.89-1.7 5 270-360 330.0£16.74 36.74 11.13 284.3-375.7
22 1,69-1.6 7 300-480 415.7+22.13 58.55 14.09 B361.5-469.9
23 1.50-1.3 8 420-540 480.0+13.89 39.28 8.18 447.1-512.9
24 1.20-1.17 4 480~540 510.0+12.25 24.49 4.80 471.0-549.0
95 1.09-0.8 3 510-540 530.0£10.00 17.32 3.27 487.0-575.0

¥ These measurements were not available in the sample

A The 95%

age because the sample size was small.

confidence limits were not attached to the mean -
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Table 44. Numerlcal data for estimating the age of the Skomer

vole from the crown height of MS :

L

G. C°n/ F. O.Range/ MeansS.E.  S.D. V. Estimated age
No mm days range/95%¢c. 1.
1 1.0-1.10 3 10 days 10.04 - - - 10.0 days
lo 2-10 29* - .
2 1.3-1.69 4 14 days 14.0+ - - - 14.0 days
3 1.7-1.89 4 17.days 17.0% = - - 17.0 days
10 9-20 19* - \ . . . _

5 2.4-2.49 4 24- 30 25.5% 1.50 3.00 11.76 20.7- 30,3
6 2.5-2.59 4 24~ 30  28.5% 1.50 3.00 10.53 23.7- 33,3
7 2.6=-2.79 6 30 days 30.0% = - - 30,0 days
9 2.79-2.7 21 35~ 80 51.8% 3.56 16.31 31.48 44,4~ 59,3
10 2.69-2.6 10 60-100 72.4+ 4.89 15.46 21.35 6l.4- 83.5
11 2.59-2.5 4 72-100 . 85.5% 6.08 12.15 14.21  66.2-104.8
12 2.49-2.3 20 100-180 132.3+ 5.68 25.42 19.22 120,4-144.1
13 2.29-2.1 14 80-300 200.7£17.22 64.42 32.09 163.5-2357.9
14 2.09-2.0 8 165-240 200.6% 8.47 23.97 11.95 180.6-220.7
15 1.99-1.8 12 240-420 320.0+17.84 61.79 19.31 280.8-359.3
16 1.79-1.7 5 270-390 324.0+£19.90 44.50 13.73 268.7-379.3
17 1.69-1.5 10 330-510 596.0+18.87 59.67 15,07 353.4-438.7
18 1.49-1.3 7 9270-480 407.1426.88 71.11 17.47 341,3-473.0
19 1.20-1.2 6 300-540 475.0£37.49 91.82 19.33 378.7-571.4
20 1.19-1.0 6 480-540 26.83 5.26 481.9-538.1

510. 0+10. 95

=3

These measurements were not available in the sample.
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D. Coneclusion and discussion:

I. Root growth snd develcoment:

The main purpose of gtudying the root growth and deve-
lopment of all the molars, in addition fo discuséing their
relation withAage, was to see which of them would give the
begt correlation with age. The study showed that the neck
in the three lower molars started to develop at the age of
35 to 42 days, and at the age bf 42 days in the three upper
molars, in both, the mainland bank vole and the Skomer vole.
The neck closed at its central lower end in the lower molars -
and at its central 'upper!' end in the uppér mplars, at an
age fluctuating between 72 and 100 days and sometimes aé
late as 120 days according io the different mélars.

| The roots then déveloped soon after the closure of the
central end of thé neck and grew with an average monthly
incréase which differedaccording to the different molars

(Table 45).

Since the onset of root development, and the average
monthly increase in root length were known, egeing voles

woﬁid be easy by applying the following equation: .
M

y= %k + (~--=) 30 days
a . .

y: Age in days. .

k: Age of the vo1e ét the onset of root development,
(a miniﬁum of 35 days for the lowerAmolars and 42 days
for the upper molars). |

‘M: Root length + neck_height.

a: Average monthly increase in the root length -
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Table 45. The average monthly increase in the molar roots

of the mainland bank vole and the Skomer vole:

Average monthly Ry  RM; RMz Rt RT RO
increase/mm

mainland bank

vole up to the ° 0.16 0.13 0.08 0.15 0.12  0.10
age of 14 months

mainland bank .

vole up to the 0,13 0.10 0.07 0.13 0.08 0.06
age of 18 months : ' ,

Skomer vole up

- to the age of .14 0.12 0.07 0.0 0.1l1 0.09
18 months : : ~
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For example, the age of a mainland bank vole with RMl'

length being 2.2 mm would be:

202
= 35 2.2
y= 35 + (016)_50
y= 35 + 412.5
y= 447.5 days

This result does not differ much from that presented
in table 18 (page 114), for voles having the same root.
‘length, The estimated agevin table 18 was 455>days (group

20). |

To compare the validity of each of the molars és;age
criterion, the correlation.between their length and age
was examined. Because all the six molars had almost the
saﬁe correlation coefficient with age, the variability
for thé scatter of the measurements and the voles within
“each age-group sample and size-group was examined for
every molar. The results showed that root length of Mg
had the lowest variability, and therefore the highest
accuracy for esfimating the age, then le, RMl, RMz, RMS,
end RM; in order of reliability. This result applies to

both the mainland bank vole and the Skomer vole.

My end M2 have been used Ey many'authOPS'to study
root development, as an age criterioh..The root length of
M3 has rarely beén used as;an ageing'guide in Brifish"
bank voles (Delany & Bishop, 1960) end (Bishop & Belany,
1963), but the method has not been discussed in detail.

The work which has been done on the roots of W

was by Koshkina (1955), on C. glereolug, C. rufocanug,

and C. rutilus; Tupikova et al (1968), on C- glereolus,
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end C. rutilus; and Viitala (1971), on C. rufocamus. Their

results showed that the formation of the neck of RM<

occurred at 2 to 2.5 months in C. glareolus and C. rutilus

(Tupikova et al, 1968 énd Koshkina,J1955). While Koshkina

(loc.cit. ) recorded the éppearance of roots at the age of

7 to 8 months in C. rufocenus, Viitala (1971), on the other

hand, mentioned that the roots appear after the age of 65

days in this species.

The results of this study, on RM2 of the two British

races, C.g. britannicus, and C. g. ckomerensis, showed

that the neck (included with the roots in the material
of the above authors), started to appear at the age 6f :
42 days which is earlier than in the above species. The
difference in the onset of roofidevelopment between the
- British subspecies and the above species is probably
specific. Feeding habits might speed up the development
of the molar roots. ZXKoshkina (loc.cit.) attributed the
delay in the development of the mélap-roots to feeding

habits elso.

The average monthly increase in the roots of M2 was -

found by Tupikova gt al (loc.cit.) to be 0.1 to 0.2 mm

in C. glareolus and C. rutilus. Viitala (loc.cit.)

- recorded it in g.vrufocanus to be 0.16 mm in winter and

0.27 mm in males, 0.39 mm in females in summer months.

In the present stﬁdy, the average monthly'increase of

the root length of M® in C. g. britannicus, from 60 days
and up to the age of 14 months, was 0.12 mm. In g. g
skomerensis, it wasAOtli mm, from 60 days = . up to 18

months of age.
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‘ The rooﬁ iength of M has fre@uently been employed as
an age indicator in C. glareolus 5y many authors includiﬁg,
Wrangle (1939), Prychodko (1951), Wasilewskl (1952), Zejda
(1961), Mazak (1963), Haitlinger (1965), Pucek & Zejda
(1968), and Lowe (1971). j

The results of their studies showed that the roots of

My (excluding the neck) started to develop during the third'v
month of life or'slightly later, IMazak (loc.cit.) for
instance, recorded the rodt development to begin at the
age of 3.5 months . Zejda (loc.cit.) stated that the neck
formed during the third month‘of life and the roots cduld. |
be measured at an age exceeding 3 months. |

. The results of the presént study showed eafliér
development for the roots of Mi. The neck started to
‘dévelop at 35 to 42 days in the twd races. The roots
could be measurcd starting at the age of 72 to 80 days
and sometimes until the age of 4 monﬁhs, the same result

ﬁhich was obtained for RMZ.

The monthly increase in the roots of M; of C. glareolusg
hasg béen estimated by several authors, e,g,'Prychqdko
" (loc.cit.), and Haitligér (loc.cit. ) recorded a monthl&'
"increase of 0.18 mm; Mazak (loc.cit.), 0.155 mm; Zejda
(loc.git.), 0.15 to 0.16 mm; Wasilewski (loc.cit), and‘
Pucek & Zejda (loc,cit.), 0.15 mm. Lowe (loc.cit.)
meﬁtioned that the root growth rates variedeith age and
season raﬁging from 0.05 to 0.55 mm. h
The results of the present study showed that the

average mohthly increase in the roots of H& for the main- _

land bank vole from the age of 60 days - up to the age' )

of 14 months, was 0.16 mm. It was 0.13 mm up to 18 months
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because of the slow growth of the roots above the age bf 14
months, hence supportihg Prychodko-(l951) in his statement
that growth of roots of Ml is slower during the second year
of 1life. | | |

The average monthly increase in the roots of Mi in the
Skomer vole, from the age of 60 days ~up to the age of :

18 months, was 0.14 mm.’

Data on the development of molar roots in this stﬁdy
showed thet they grew almost regularly throughout life
(with a sloWing of growth in old age) regardless.of the
different seasons. Overwintered voles did not have a élow-
down in their molar root growth as it has been indicated
by Zejda (1959), Haitlinger (1965), and Lowe (1971). 1My
results are basedbupon a laboratory population and this
régularify is probably due to the uniform conditions
Which prevented the environmental conditions from influen-
cing the growth of molar roots. Mazak(1965) similarly

reported a lack of seasonal effects in his laboratory

population of C. glareolus.

Lowe (1971), in his study on the root development of
the mainland bank vole, mentioned that the teeth of
laboratory—bred.animals proved gberrant . in their develop-
ment. He added that the first mandibular molars were
rootless for at least the first 6 months of life. This |
‘ abnofmal growth has not occurred in the voles in the present
study, and the roots in all cases were normal in their ' .
growth énd developmentywith regard to othér authors'.results.~

The'abnormal growth.of Lowe's laboratory animals is

difficult to explain. However, his sample was possibly
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drewn from a small localised population with a 'defect' in
tooth development. The founder members of his colony may
have been few and all the descendents were the result of
inbreeding among the briginal stock. However, he has not

mentioned how many 1aborat9ry animals he used in his studye.

Another possible explanation for the abnormal tooth
growth is that alizarin injections might have affected PR
the time of earliest root division in Lowe's laboratory
FVOles, but hig field animals showed no great effects of
alizerin . If alizarin does have an effect, then it seems

to be the only external factor that does;

II. Tooth wear:

The toocth wear has been used for ageing several big
and small ma@mals._lt has never been applied on Clethrio-
nomys, mainly because of the most characteristic feature
of the bank vole's molar teeth which develop roots at
a definité age of life. Thus, investigators overlooked
studying the tooth wear, as the "root length was éatis-._
‘factory for ageing the bank vole:. |

The occlusal surfaces of molar'teeth in Clethrionomys

are of the 1ophodontltype, similar to those of the herbi-
- vores. In mammals with such teeth, the increasing area éf

exposed dentine on the occlusal surface of_teeth has been

measured to study tooth wear . Tanaka (1968), for instance,

.analysed the molar wear in the brown rat (Rattus norveosicus)

by measuring the total sizé of occlusal area of the upper



192

molars and calculating the molar wear index as a ratio of

total worn surface to tooth row length times molar breadth.

In carnivores and insectivores, with their check teeth
having pointed cusps, a linear measurement.ils taken to

study'tooth wear. This measurcment is usually the distance

between the gum line and the highest cusp.

Although, molar teeth in Clethrionomys are of the

same type as the herbivorous mammals, their wear was stud-
jed by taking linear measurements for the crown height.
The molar crown grew during the early stage of life, then

stopped to grow at a definite age, and later, its height
decreased with age. '

Voles first teke solid food when they are 14 days old
énd thié is when wear starts. However, the degree of this
wear cannot be measuyed quantitiyely, until'the age of 35
to 42 days, due to the continuous growth of the crown up

to this age.

Tooth wear continued throughout the vole's life with
a monthly average decrease in the crown height which differs

in the different molars (Table 46).

Ageing voles from the crown height is easy if the age
of voles having the maximum crown height, and the average
monthly decrease of the crown height are known. This is

accomplished by applying the following equation:

y= k + (-EL) 30 days
. a
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Table 46. The average monthly decrease of molar crown height

in the mainland bank vole and the Skomer vole:

/rm Cii,  Cllg  Cig

cul  om®  cou®

mainland bank

vole,60 days 0.14 0.12 0.09
up to 18 months '
Skomer vole,

60 days up O.;4 0.14 0.1l

to 18 months

0.16 0.13  0.08

0.16 0.14 - 0,10
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&: Age in days.

k: age of wvole af the time of having the maximum crown
height. | "

M: Crown height measuremént;

a: Average monthly decrease in the crown height.

The molar growth (increase ih crown height), and wear
(decréase in crown height) were highly correlated with‘age.
The correlation coefficient was almost the same in all the
six molars, but vériability.within eéch age-group sample
and gize-group was found to differ among the different

‘molars, and therefore aécording to this: variability, the
religbility of each molar, as an age cfiterion, was consi-
dered. The results of the present study showed the crown
height of Mg was the leés variable charactzr, then CMl,
CMl, CM2, CMS, and Clig. This result is applicable to the

mainland bank vole and the Skomer vole.

Mazak (1963) mentioned the crown wear in gQ glareolus.
He recorded a decrease in the total height of the molar
teeth which started aﬁove thé age of 200 days, undef the
influence of crown Weaf. The results of the present stﬁdy
were dissimilar ih that molars kept their height constant
throughout life. This can be explained depending upon |
results which showed that the decrease in Qrowﬁ height
was comparable to the increase in molar root length. Since -
crown heights always decreased above the age of 42 days,
.the crowns needed support from inside. This was accomplished*””
by the continuous growth;of the roots. The average monthly
decrease in the crown height being almost comparable to thé

average monthly increase in the root length, gives support

to the above speculation.
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Although tooth wéar proved to be a reliable age crite—
rion in the bank vole and other small mammals, it has'beeh
gshown to be highly unreliable for ageing certain speéies

of bats, (lMyctis lucifugus and M. keenii: Hall et al, 1957;

and M. myotis: Sluiter, 1961).

Adamezewska~Andrzewska (1973 b) also found some

individual wvariations in tooth wear occurred within each

age group in Apodemus zgrarius. Individual variations

were very low in bank voles raised in the laboratbry.‘This
was presumsbly due to the wniform hardness of the foéd
pellets. Szabik (1973) in his work on the roe-deer, men-
tioned that the rate of tooth wear is connected with the
hardness of food. |

Tooth wear might be influenced by the hardness of teeth
also. This hafdness in turn is affected by different factors,
such as the date of birth (seasonal. factors), the quality
of food tke voles and their parents eat, the type of soil.

and possibly hereditary factors.

Caution should be exercised when using tooth weér.for
ageing, as teeth are directly affected by external factors,

(see chapter IV.).
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II. 5. Fupion of epiphyses

A. Introduction:

The presence or absence of an epiphjseai cartilage in
the subterminal regions of the long bdneé, between the
epiphysls and metaphysis, has long been used as an age 4
criterion for different mémmalian species, (e.g. thé‘cotton-

tail rabbit (Sylvilasug floridanus), Thomsen & Mortensen,

1946; The grey and fox squirrels (Sciurus carolinensis &

S. niger), Petrides, 1951, and Carson, 1961.; the red &

grey foxes (Vulpes fulva & Urocyon cinereoargenteus),

sullivan & Haugen, 1956; the European hare (Lepus gurop-

aeus), Bujalska et g;, 1965; the cotton rat (Sigmodon

[t S e Attt

hispidus), Chipman, 1965; the field voles (Microtus gregalis

- & Lagurus lagurus), Tarasov, 1966; the European hedgehog .

(Erinaceus europaeusg), Morris, 1971; the red squirrel

(Sciurus yulgaris), Davis & Sealander, 1971; the Danish

red squirrel (8. vulgaris), Degn, 1973.

The use of this method is based on the fact that the
epiphyseal cartilage is a growth centre which is after
a certéin interval, gradually‘replaced by a spongy bone
while the énimal grows older. Thus, the different stages of
replacement of the gpiphyseal cartilage could be closely'.
connected with the age of any animal, and studying serial
stages of replacement can give a key to the age of mammals.

This method has never been used on Clethrionomys snd the

present work was carried out in order to find how far this

method can be successfully applied to thls genus.
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B. Methods:

X-ray cxamination has been used by many authors to

study the Tusion of epiphyses, but Chipmen (1965), in his

work on Sigmodon hispidug, found that alizarin staining
gave better results. Thomsen & Mortensen (1946), in their

work on Sylvilagus flofidanus came to the game conclusion.

Palpating through the skin to feel the degree of formation
of epiphyseal thickening,was used by Bujalska et al (1965)

on Levus europacus. Hale (1949) examined cleaned bones to

detect the epiphyseal cartilage of the humerus in Sylvilagus

floridanus. He found bones easier to study than the x-ray

and better in detecting remnants of cartilage that x-ray
failed to show. Degn (1973), also examined cleaned bones

to stucy the epiphysis 6f the distal end of the radius in

Sciurus vulgaris.

In the present gstudy, alizarin red-stained specimens
were used, as they gave clear ?iew of the bones and carti-
lages. X-ray has not been used in order to avoid pitfalis
mentioned by the above authors. Results of alizarin red-
stained specimens wére found to be clear and easy to»study
than examining the bones. The technique of Mahoney (1966)
has been followed. This, reéult in the flésh becpming
transparent, leéving the red stained bones ciearly visible
in situ. _

A low power binocular microscope was ﬁsed to- study the
skeletons looking for stain-free cartilage (eéiphyseal
cartilage) between the epiphysis and the diaphysis. In
studying areas of cpiphyseal fusion, the degree of fusibn
wag recorded and assigned to one of 4 categories. ‘Thésev

are:
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\1. Open epiphmﬂé: with a non-staining band of cartilage
'(did not take alizarin), between the epiphysis and the .
diaphysis. | |

2; Fusing epiphysis: with the band being'narrowef than in
the firsst category; and the epiphysis has not fused to
the diaphysis yet. |

3. Fused epiphysis, suture visible: The epiphysis fused'td
the diaphysis and the suture line between them was

vigible.

4. So0lidly fused epiphysis: The suture line disappeared..

A total of 55 mainland bank voles (26 females & 29
males), and 50 Skomer voles (24 females & 26 males) were

examined in the present study for epiphyseal fusioﬁ.

C. Results:

Studying the alizarin stained skeletons of

Clethrioncnys revesled the presence of different‘sets of

epiphyses. The most obvious ones, which formed the material

for this study were:

1. Forelimb: Phalangeal, metacarpal, distal radio-ulnar, ..

‘proximal humeral, and suprascapular.’

2. Hind 1imb: Phalangeal, metatarsal, distal tibio-fibular,

proximal tibiale, and distal femoral.

The tail was examined also to study the degree of
fuéion of the vertebrai epiphysis, but after a preliminary

study, its use was discontinued because variabllity was
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high between voies of the same age and the fusion was.less'

correlated .wlth age.

a. The meinland bank vole:

The forelimb was studied for areas of eﬁiphyseél fusion.
Results are summarized in Eig. 4.3,

The epiphyéeal cartilage of the proximal phalanges
remained unossified up to the age of 3 weeks. It reduced in
size to a deeper staining suture line at the age of 30 days.
The line disappeafed soon afterwards.-lt was absent in spe-~
cimens 42 days and older. | .

The metacarpal epiphyses were distinct and éeparate
from fhe diaphyses in spebimens 3 weeks old and younger.

The epiphyseal cartilage was replaced by bone and the suture line

remained obvious up to the age of 2 months, then disappeared.

The distal epiphyses of the radius and ulna remained
separate from thelr diaphyses, up to the age of 2 months.
Thé epiphyseal cartilage was replaced gradually during - =
a time which extended to the se#enth month of the vole's
‘life. After the fusion of the epiphyses, the suture line

'remained visible up to the age of 14 monthsf

The ﬁroximal epiphysis of the humerus Was distinct;in
specimens up to one menth old. The ossification of the

epiphyseél cartilage took place soon afterwards. At 9 monﬁhs

the epiphysis had fused to the diaphysis. The suture line

was visible up to the age of 13 months, the.time when it

| disanpeared, but sometiﬁes, traces of this line remained

visibles |

The suprascapular cartilage, at the corner between the
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vertebral and éhteriorvborders of the scapula, started to
take stain at the age of 21 days.’Its ogsification took
place along the vertebral border. By SAmonths a stain-free
cartilage remained separating the ogsified external parts
of the suprascapular cartilage from thé gcapula. The osgsi-
ficatioh was completed at the age of 6'mon£hs. The suture
line remained vigible ih specimens less than 12 months old.

It was absent in voles abbve 12 months old.

The hind 1im5 was studied for areas of‘epiphyseal
fusion. Results aré sumnarized in Fig. 43.

The phalangeal cpiphyseal cartilage oséified very
qﬁickly. It was visible up to the age of 3 weeks. Ogsifi-
cation was complete at the age of one month and the suture

line was absent in specimens aged, 2 months or older.

The metatarsél epiph&ses remained separate from the
diaphyses until the ossification of the epiphyseal carti-
lage, which took place over the age of one month,‘and was
complete before the voles reached the age of 2 months.

Suture lines were absent in specimens 72 days énd older.

The distal epiphyses of the tibia and fibﬁla were
distinet in specimens up to 3 weeks old. Ossification of |
the epiphyseal cartilsge continued until the age of 42 days.
Suture lines were visible in specimens 42 and 60 days old

- but were absent in specimens aged 72 days and older.

The proximal epiphyses of the tibia and fibula were
distinct in specimens younger than 2 months. Ossification
of the epiphyseal cartilage took place in specimens 2 to 7

months old. The suture line was visible in specimens of 8 ‘
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months and older.

Changes in the distal epiphysis of the femur were vefy
simiiar to the proximal epiphyses of the tibia and fibuia.
It was clearly distinct in specimens iess than 2 months‘01d,
"and fused to the diaphysié in specimens between 2 énd 7
months o0ld. The suture line was Visiblevin specimens from |

8 to 14 months old.

b. The Skomer vole:

The forelimb of the Skomer vole was studied and the .

results are summarized in Fig. 44.

‘ The ossification of the phalangeal epiphyseal cartilags
‘of the hand in the Skomer vole was similar to that in the
mainland bank vole. The epiphyées were distinct in specimens
up to 21 days old. Ossification took plaée in specimens 21
to 30 days old. Staining suture lines were absent in voles

of 42 days and older.

The metacarpal epiphyseé were distinct in specimens
younger than one month.AOssification then occurred and the
suture line was visible in gpecimens 42‘days to 120 days

old. It was absent in voles of 5 months and older.

The distal epiphyses of thé'radius énd ulna showed no
ossification in specimens aged 2 months.and younger. Ossi—
fication started taking place at the age of 72 days, and

“continued in specimens 10 months old. The suture lineAwas

wvisible in voles 11 to 14 months old.

The proximal epiphysis of the humerus was separate
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from the diaphysis in specimens less than 2 months bld;
Ogsgification of the epiphyseal cartilage took place in
gspecimens 2 to 3 months old. The staining suture line was

visible in 4 to 12 months o0ld voles. It was absent in voles

of 15 months and older.

The suprascapular 6arti1age did not take stain in
gspecimens less than 3 weeks old andvavstain—free band con-
tinued to separate the ossifying external parts of the
suprascapular cartilage and the scapula in specimens up'to
3 months o0ld. Ossification up to 9 ménths of age, the time
when the suprascépular epiphysis fused to the scapula; The
suture line remained visible in voles 9 to 12 months old,

then it disappeared.

The hind limk of the Skomer vole was studied and resu-
1ts are summarized in Fig. 44. |

The phalangeal epiphyseal caftilage started to ossify
in 30 days o0ld voles. Ossification was completed before the
voles were 42 days old. The suture line was not visible in

voles of 2 months and older.

"The metatarsal epiphyses were very similar to the
phalangeal epiphyses. They were distinct in specimens less
than 30 days old and fusing in voles 30 days old. The suture

line was absent‘in voles of 2 months and older.

.The distal epiphyses of the tibia énd fibula were
distinct in voles less than one month old, then fused to

the dlaphyses. The suture line was visible in voles 42 to

60 days old and sbsent in voles aged more than 72 days.

The proximal epiphyses of the tibia and fibula were .
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separate from the diaphyses in voles less than 60 days old.
Fusion to the diaphyses was completed when the voles were
4 months old, but the suture line was visible in voles 5 to

13 months old.

The distal femora1 epiphysis wags distinet from the
diaphysis in specimens of 2 months and younger. Gradual '
ossificatioﬁ of the epiphyseal cartilage took place in voles
72 days to 4 months old. Then the epiphysis fused to the
.diaphysis with the suture line remaining‘visible wmtil the

age of 12 months.

D. Conclusion and discussion:

| The results of the present study confirmed that
epiphyseal fusion can be used as an age criterion_in

Clethrionomys. By comparing the different ossification

areas, one cén éstiﬁate the approximate age of bank voles
up to about 14 months 6f ége. This result is highly reliable
if compared with results of using this method on other ma-
mmals. For instance in the cotton rat, Chipman (1965), was
6n1y able to establish the approximate age up to 6 months.
Rybar (1969 & 1971) used the method for the bats Myotis

myotis & Rhinolophus hipposideros. He obtained a high accu-

- racy for estimating the age of the former up to the age of
15 weeks & for the latter up to the age of-6 weeks, after
which>the skeléton became completely fused (Pucek.& Lowe,
1975). | B -
‘The epiphyseal fusion of the forefeet has been used

mosf extensively by some authors to determine the age of

05
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different species of mammals. All agreed that it is a suc=’

cesaful guide for this purpose.

In the European hedeghog (Brinaceus europaeus), epi-

physeal fusion in the forefoot divided ‘hedeghog into 4
age—related categories in the first year of life, and 3
other categories in adults (Morris, 1971). Sullivan snd
Haugen (1956) were able to separate adﬁitvfoxes from ybung

of the year in Vulpes fulva and Ufocyon cinereoargentéus.

In the present study, if the forefoot alone, is uéed
as an age device, the epiphyses of the radius and ulna
prove to be the ones that should be concentrated on, because
the phalangeal and metacarpal epiphyses fuse qulte early to
the diaphyses. Epiphyseal fusion in the forefeet allowed
only four age categories to be derlved for the mainland
bank voles and Skomer voles. Ih the mainland bank vole

these categories are:

l. Voles 42 days and yoﬁnger, with the radio-ulnar epiphyses

_ open, phalangeal fused, and the metacarpal fused with

the suture line present. '

2. Voles 2 to 6 months old,‘with the radio-ulnar epiphyses
fusing to the diaphyses, the phélangeal and metacarpél
epiphyses fused solidly, .

3. Voles 7 to ‘13 months old, with the radio-ulnar'epiphyses

 fused to the diaphyses and the suture line visible. |

4. Voles.above 14 months old, with the radio-ulnar epiphyses

fused solidly and no visible suture line.

In the Skomer vole, épiphyseal fusion took longer so
“that fhe same morphologically distinguished categories -

represented the following ages:
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i. Legs than 60 dsays. -
2. Seventy two days to 10 months.
3. Eleven to 14 monthe.

4. Tourteen months and more.

- The disfai epiphyses of the radius and ulna in the
‘bank vole wefe digtinctly‘separated from the diaphyses in
young voles, but the fusing process took place while the
voles were sexually aduit, and the distinet line of fusion
is easily found in‘adult voles. Theréfore, the ossifiéation
of the distal epiphyseal gartilage of the radius and ulna |
does not coineide with the maturity of the voles, as traces
of it reméined in bank voles 9 months old, that is 7 months
after maturation. In cbntrast, Petrides (1951) found that
in squirrels, the fusion of these epibhyses did correspond

to the attainment of sexual maturity} All squirrels, (Sciurus

niger & 8. carolinensisg) with opeh epiphyses or a distinct
epiphyseal line wefe{immatﬁre. These differences between
squirrels and bank voles are probably due to the differences
in théir habits. The squirrels being more actiVe; and thgreé :
fore activity might speed up-fusion of epiphyses in the f
specles. Similarly, eﬁiphyses in Skomer voles fuse later
than in the mainlénd bank véles, as the former are somewhat
. 1e§s active, with a home rangé.being smaller than in the
mainland bank vole (Jewell, 1965). The hedgehog (Erinaceus
eufopaeus), which is a slow mammal, does not travel for
long distances (a maximum straight-line distance of 600
‘meters, Morris, 1969), its epiphyses fuse at an age of ﬁ?,
to 18 months. this is an early fusion in proportion to the

hedgehog's life span (up to 7 years, Morris, loc.cit.).



208
The epiphyseal fusion of the humerus has also been’
used, as an age indicator. Thomsen & Mortensen (1946)

studied the ossification of the epiphyéeal cartilageé in

the shoulder and elbow of the cottontail rabbit (8ylvilagus

floridanus meamsi). They concluded that the cartilage in

the shoulder persists longer than at the elbow, and there-—

fore can be used as a criterion of age over a longer period.

Hale (1949), iﬁ his study of the epiphyseal cartilage
of the humerus in the same genus, concluded fhat it dis~-
appears at about 9 months of age. In contrast, the humeral
epiphyseal cartilage, ?ersists until the age of 9 months
in the mainland bank vole, and until 3 to 4 months in the
Skomerrvole, which can be considered a bettef ageing'result
for the bank vole than for the cottontail rabbit, if the
‘1ife span of each genus is taken into account. Rébbits are
bigger, with a longer life span, large home. range (few acres
in size, Wélker, 1968), and more aztive than bank voles,
and without early fusion of epiphyses, they can not manage

to perform their wide range movements and high spegd.

The fusion of epiphyses including radio-ulnar, humeral,

and femoral in Microtué gregalis & Laqurﬁs lagurusg, was
studied by Tarasov (1966). Of.the'seven age clssses he
designated for voles up to one year old, the fqut three
were the most reliable...

Results obtained during thé present study are in some
agreement.with Térasov's, especially those which show that
epiphyses do not fuse wntil in old age. This is probably
due to the limited activity of these small rodents as
indicated by their small home range, (being 1970 square

metres for males, and 1354 square metres for female
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Clethrionomys slareolus (Crawley,- 1969); and 1162 square

vards (=971.6 square metres) for Microtus agrestis (Brown,
1956) . | | |
The early epiphyseal fusion of the phalanges, metacaré
pals, metatarsals, radio-ulnsr, and distal tibio-fibular,
could be attributed to the fact that these parts are the
most commonly used by the voles. In contrast, the femofal,
humeral, and suprascapuiar fuse at late étages, as voles do

not rely on them during their early ages.

Hagen (1955 & 1956), studied the fusion of epiphyses

of the tail vertebrae in Microtus arvalis as an age criter-—

ion, and claimed an accuracy of ageing of between 1 & 2
months. But I found some variations to occur in the epi-

.?hyseal'fusion of the tail vertebrae in Clethrionomys.

‘Moreover, Hansson found this method unsatisfactory in small
rodents (Askaner & Hansson, 1967). However, tail vertebrae

need further study.

In view of the results dbtained on fusion of epiphyses

in Clethriocnorys glareolus, the method found a highly relia-

ble index of age, and easy tb apply. Although alizarin red-
stained specimens were used in the present study, which '
.needed deé&iVOles, x-ray method can‘also he used, gince it
-gave successful results on small rodents, e.g. Microtus &
Lagurug (Tarasov, 1966). It therefore, can be used on .live
animals. ' |
The following age-reiated categories are propos§d>to
determine the age of the mainland bank vole and the Skomer

vole, on the bages of the fusion of ten sets of epiphyses:
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" a..The mainlend bank vole:

Category
No.

Age /
days

1.

S

! 4.

lesgs than
21 days

21— 30

30— 42

42- 60

60- 72

All epiphyses are open; stain-free
supragcapular epiphysis.

Open: Radio-ulnar; humeral; suprascapu-—
“lar; metatarsal; tibio-fibular(P);
femoral. '

Fusing: Phalangeal (hand & foot); meta-
carpal; tibio-fibular (D).

Fused, Se ; ————mm—-—
visible |

Fused ! ==ee——

Open : Radio-ulnar; suprascapular;
metatarsal; tibio-~fibular (P);
femoral.

Fusing: Humeral; tibio-fibular (D).

TFused,s. : Phalangeal (hand & foot);
visible = metacarpal. »

Fueed § m————

Open: Radio-ulnar; tibio-fibular (P);
femoral. ,

Fusing: Humeral; metatarsal.

Fused,s. :Metacarpal; phalangeal (foot);
vigible tibio-fibular (D).

Fused : Phalasngeal (hand).

' Open :.Suprascapular.

Fusing: Radio-ulngr; humeral; tibio-
fibular (P); femoral.

Fused,s. : Metacarpal; metatarsal;
vigible tibio-fibular (D).

Fused : Phalangeal (hend & foot).



7. 20-210

8. 210-270

g. _270-420

211

Open : Suprascapular.

Pusing: Radio-ulnar; humeral; tibio=-
fibular (P); femoral.

Fused,s, ¢ ————e——
visible

- Pused : Phalangeal; metacarpal; metatar—

sal; tibio-fibular (D).

' Opeh ettt

- Fusing: Radic-ulnar; humeral; suprascap-—

ular; tibio-fibular (P); femoral.

Mused,s. § ==—rme——
visgsible

Fused : Phalangeal (hand & foot); metacar-
: pal; metatarsal; tibio-fibular (D). -

Open . : =——————--
Fusing: Humeral.

Fused,s. : Radio=-ulnar; suprascapular;
visible tibio-fibular (P); femoral.

Fused : Phalangeal (hand & foot); metacar-
%a%; metatarsal; tibio-fibular
D). . v

Open : -é—-f———

'Fused,s. + Radio-ulnar; humeral; supra-

scapular; tibio-fibular (P);
visible femoral. o '

‘Fused : Phalangeal (hend & foot); meta-

carpal; metatarsal; tibio-fibular

(D): distal

- (P): proximal

Fused s. visible: fused, suture line visible,
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b. The Skomer vole:

Cat. Age/ days
No.

1. less than  All epiphyses are open.
21 days .

2e 21— 30 Open : All except:

~

Fusing: Phalangeal (hand).

3. 30—~ 40 Open : Radio-ulnar; humeral; suprascap—
o ular; tibio-fibular (P); femoral.

Fusing: Metacarpal; phalangeal (foot);
metatarsal; tibio-fibular (D

Fused,s. : Phalangeal (hand).
vigible : ‘

Fused : ——w——————m ’

4. 40~ 60 - Open : Radio-ulnar; hureral; suprascapu-
. lar; tibio-fibular (P); femoral.

Fusing: =————e—=-

Fused,s. : Metacsrpal; phalangeal (foot;;
visible metatarsal; tibio-fibular (D

Fused : Phalangeal (hand).

5. - '60- 70 Opeh : Radio-ulnar; suprascapular; femoral.
Fusing: Humeral; tibio-fibular (P).

Fused,s. : Metacarpal; tibio-fibular (D).
vigible v

Tused :'Phaiangeal (hand & foot); metatar—
Salc

6.  70-120  Open : Suprascapular.

Fusing: Radio-ulnar; humeral; tibio-fib-
ular (P); femoral.

Fused,s. : Metacarpal.

visible ,

Fused : Phalangeal (hand & foot); meta-
S tarsal; tibio-fibular (D}.



8.

9.

10

11l.

120-~150

150-270

- 270-330

' 330-390

390 and
over

Open :
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Open ¢ =—==—ee—————

Fusing: Radio-ulnar; suDrascapular, tibio=-
fibular (P); femoral.

Pused,s. : Metacarpal; humeral.
visible

Fused : Phalsngeal (hand & foot); meta-
tarsal; tibio-fibulsar (DS.

ey R R —
Fusing: Suprascapular; radio-ulnar.

Fused,s. : Humeral; tibio-fibular (P);
visible = femoral.

Fused : Phalangeal (hand & foo%); metacar—
pal; metatarsal; tibio-fibular (D).

Open  : —=—=—————-
Fusing: Radio—ulnar.

Fused,s. : Humeral; suprascapular; tibio-
vigible fibular (P); femoral.

Fused : Phalangeal (hand & foot) metacar-
pal; metatarsal; tibio-fibular (D).

Fusing: -

Fused,s. : Radio-ulnar; humersl; supra-
visible gscapular; tibio-fibular (P).

Fused-' Phalangeal (hsnd & foof), metacar—
pal; metatarsal; tlblo—flbular (D);
femoral.

L

All epiphyses are fused.
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- .II. 6. The Baculum

A. Introduction:

The baculum of mammals has often been used as a taxo=
nomic character, (Thomas, 1915; Burt, 1936 & 1960; Hamilton,
1946; Callery, 1951; Dearden, 1958; and Anderson, 1960)..

In recent years, many authors have also used the baculum
as a means to determine age. Their gtudies were cornfined
to certain groups of mammals (Carnivora and Rodentia mainly)

and have cnly rarely been extended to small mammals.

Deanesly (1935) and Wright (1947) used the weight of
the baculum to distinguish between Juvenile and adult

Musteia erminea & M. frenataQ The baculum weight, length,

and shape were used by  Friley (1949 a & b) in differentia-

ting probable age classes in the otter (Lutra canadensis),

and the beaver (Castor canadensis michiganensis). The weight

and length of the baculum were acceptable age criteria in

the grey squirrel (Sciurus carolinensis), (Kirkpatrick &

Barnett, 1957). Walton (1968) separated Juveniles from

adult polecat (Putorius putorius) depending on the baculum.

Elder (1951) used the weight and length of the baculum to

distinguish between juvenile and adult minks (Mustela vison).
Baumgartner & Bellrose (1943), differentiated between the

adult and subadult muskrat males (Qndatra zibethicus), .

according to the size of the penis and the ease with which

it can be pressed through the urethral papilla.

Sudies of bacula in small mammals are less numerous.

Burt (1936) mentioned that there is considerabie age varia- 4

tion in the bacula of the genera‘Perognathus and Dipodomys,

for the baculum seemed not to be fully developed until the ‘
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‘animal was adult. He also reported that the bacula of young

individuals are smaller with less bulbous basal ends than

‘are those of adults.

Artimo (1964 & 1969) in Finland, studied the baculum

in male Clethrionomys glareolus & Lemmus lemmus, to diffe-

‘rentiate between sexually mature and immature individuals.
He found that the total length of the baculum, the length
of its stalk, and the width of‘fhe proximal part of the

stalk, could all be used for that purpose.

The purpose of the present study was to fihd whether
the baculum is a useful structure from which to determine

the age of male Clethrionomys glareolus britannicus, and

C. g. skomerensis.-

B. Methods:

Study of the baculum shape was based on aiizarin»red— -
stained specimens. Drawings were made with the aid of a
camefa lucida fitted on a binocular microscope. Photographs
were taken showing diffepent stages of development. Any
part of the baculum waS'considered-ossified wvhen it acdepted ;

the alizarin red stain.

C. Results:

The shape of the baculum of the British C. glareolus
is similar to that described by Ognev (1964) in Russia;
Anderson (1960) for a specimen collected in Switzerland;

‘and Artimo (1964) in Finland.



216

The stalk of the baculum lg rather broed end angular °
at 1ts proximal end. It narrpws toward the distal end. Thé
latter 1s slightly broad and rounded. The distal end attached
to three digital processes, one centrél, and two lateral ,
(Fig. 45).

The ossification of the sﬁalk of ﬁhe baculum precedes
that of the digital processes in the mainland bank vole.

It started to acéept stain when the animals_were legs than

7 days old. Its length was 1l.36 mm in one 7 days old speci-
men. Its average length was 2.2 mm at the age of 14 days;
2.48 mm at 21 days; 2.8 mm at 30 days; and 2.9 mm at 42
days. The digital processes at the age of 42 days were still
not ossified. Their ossification occurred during the seventh
week of the vole's life. Bacula with ossified digital ‘
processes were found in voles 46 days old. Ossification of
the thfee digital processes took place simultaneously. The
baculum attains the adult shape,form, configuration after
the ossification of the digital processes (Fig. 45). No
size differences were found between bacula of adult voles

in relation to age. The stalk length remained the same in
voles 60 days to 450 days old, (its average length was

5.33 + 0.04 mu for 15 age-group samples aged 49 to 450 days,

with a stsndard deviation of 0.16 mm).

The digitallprocesses élsd remained the same leﬁgth
since they first took up the stain. Thé»central process,
for instance, had an average length of 2.62 + 0.03 mm, with
a standard deviation of 0.09 mm, in voles aged 49 to 450

days.
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Pig, 45. Alizarin red-stained bacula of C* g. brltannlcus.
a. 30 days old. c. 150days old.

b. 72 " * d. 360 »
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The ossification of the éta;k of the baculum in Skomer
voles also precedés that of the digital processes. It is
longer than the stalk in the méinland bank vole, as a result
‘of a bigger body size for the Skomer vole. It started show- |
ing some staining before the seventh}day of age. Its length
was 1.5 mm for one 7 days old specimeh. Its average length:
was 2.8 mm ét 30 days; and 3.48 mm at the age of 42 days.
The stalk length remained constant above the age of 50
days. Its average length was 4.05 % 0.03 rm in voles 60 to

360 days old, with a standard deviation of 0.09.

The digital processeé started to show staining during
the seventh week of the vole's life, as in the mainland
bank vole, but they took longer time to complete ossifica—
tion. The central procéss was the first to show staining,
'and 1t was the last to complete the ossification. This

happened between the ages 72 and 90 days.
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D. Discussion:

Based solely on the ossification of the baculum, two
groups of laboratory—born'g. glareolus could be distingui—
shed. The first included voles less than 7 weeks old, with
thelr baculum having only its stalk ossified, and rénging
between 1.36 mm to 2.9 mm in leﬁgth. The second group inc-
luded voles 7 weeks and older, with their bacula having, in

addition, the digital proéesses ogsified.

Artims (1964), working on the bacula of C. glareolus
in Finland, stated that the development of the adult type
of baculum is correlated with sexual maturation and not-
with age. He found that the age range for immature volés;»
was i.5 to 10 months, and for the mature, 1.5 to 15 months;
In the present study, if we consider that the laboratory-
born bank VOles breced throughout the year, which they d4id,
males became sexually mature during the seventh week of '
theif life and the digital ?rocesses of their bacula ossified |
at this age. On this interpretation, the rcsults of this
study agree with that of Artimo (1964) when he stated that
the bacula attain their eariiest full size in breeding '

voles 1.5 month old.

The youngest agevat which a femalé mainland'bank vole
" gave birth fo her first litter was 56 days , having been
impregnated By her iittérmate. Subtracting a gestation
period of 18 days gives an age at conception of 38 days.
If the ossification of the digital processes corresponded
$o maturity in males, and males mature at the same age as
femalesg, the earliest male mgturation was thus, ét 38 days
old. All bacula in males above thé age of 42 days, in this

study, had their digital processes ossified and were thus
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‘of the adult form. .

Measurements of the stalkblength in C. g. britannicus,

‘and C. g. skomerensis, are higher than in the Finnish sub-

species, (probably C. g. suecicus , Ellerman & Morrison-
Scott, 1951). The mean stalk length for the mature Finnish
subspeciles was 2.45 + 0,12 mm. It was 3.33 + 0.04 mm for

C. g. britannicus, and 4.04 & 0.03 mm for (.g.skomerensis.

The size difference of the bacula between these three sub-
species might be a reflection of the size of the body and

the gkeleton of each of them. -

In spite of the baculum having been uéed successfully'
by many authors’as an age criterion for several species
of mémmals, it is not as satisfactory in C. glareolus. It
~is only useful to distinguish voles less than 7 weeks
from those above this age. Be&ond the ége of 7 weeks,
the shape and size of the baculum 1s fixed and no longer

dependent on the agé.

In voles less than 7 weeks old, with the digital
processes being not ossified, the stalk length is the
" only means to distingﬁish’between voles with different

ages.
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II. 7. The dry weight of the eye leng

A. Introduction:

Using the dry weight of the eye lehé to determine the
age of animals is based on the principle that the growth of
the eye lens does not cease with that of the body, but o
continues throughout 1ife; of humans , for instance (Smith;
1883). Krause (1935) made the same statement concerning
the eye lens of the domestic rabbit. Norrby in 1958,
working on rats, has also mentioned that the weight and
volume of the lens and eyeball increased along an asymptotic ’
curve . ' | | |

Using this method as an age criterion fbr wildlife
«spécies, is a quite recent development. Lord in 1959 was
the first to suggest it for determining the age of the

cottontail rabbit (Sylvilagus floridanus). In his method,

Lord depenéed on,the'fact mentioned by Lansing (1952) that
"new lens fibers are continuously being'proliferated‘by the
growth and elongafion of the epithelial cells at the lens
equater. The lens fibers at the centre of the lens are laid
down during intra-uterine life and because of the avascular
nature of the 1ens and its density, those fibers- at the
centre of the lens lose their cell membrane and becomé

dense and rigid, and their cytoplasm loses water'. |

Lord (1961 & 1962), in addition, has applied this

"method to the grey fox (Urocyon cinereoargenteus), and the

white~tailed deer (Odocoileus virginianus).

Since then many research workers have followed Lord

in using this method with other species of wild mammals.



Ehe lens technieue was reviewd by Friend in 1965, 1967 &
1967a. The method appears most suiteble for medium-sized
‘mammals, and relatlvely few attempts have been made to
apply the technique fo small mammale; Chipmen (1965) estab-
lished 5 age classes for the cotton rat (Sismodon hispidus),

depending on the dry weight of the eye 1ens only; Martinet

(1966) obtained satisfactory results with the common vole .

(Microtus érvalis); Ostbhye & Semb;Johansson (1970) studied

lens growth of known-age Norweglan lemmings (Lemmus lermrmig);

Fisgher & Perry (1970) mentioned the lens weight method is
gsufficient ageing criterion for separation of juveniles and

adults, and for estimating year clagsses of adult grey

squirrels (Sciurus carolinensis); Degn (1973) managed to

differentinte juveniles from adult Sciurus vulgaris depen-
ding on the eye lens Weight; Adamczewska~Andrze jewska . |
(1973 a & b) found that increase in eye lens weight is

closely parallel with the age in Microtus arvalis & Apcdemus

 agrarviug; and Gourley & Janmett (1975) found lens weights
a satigfactory basis for estimating ages of Microtus

pinetorum and M. montanus..

Nothing has previoﬁsly been recorded concerning the
use of the eye lens Weight as an age indicator for Cletnh-
-riono@xe'epp. except that of Askaner & Hansson (1967), and
Le louarn (1971). The former authors foﬁnd that the'dry

weight of fhe eye lens in Clethrionomys rufocanus and

C. rutilus, coilected in Norway, Sweden, and Finland gave
greater accuracy for egeing than the molar roots. Le 1ouern )
applied the technique on C. glareolus in France and
established monthly differences in eye lens weight.



223
B. Methods:

The method which was applied to all the 1aboratory¥
bred and enclosure populations, followed the technigues of
Lord (1959), and Friend (1967a).

Two minutes after the voles were killed, the eyeballs
were extracted and preéerved, for 3 to 5 days, in vials
containing 5% formalin. The eye lenses were dissected_out,
rolled on blotting paper to remove excess moisture, put in
uncapped vials and placed in an oven at 60 to 70°C for

another 3 to 5 days.

The right and left lenses were put together for drying,
because Lord (loc.2it.), and Degn (1973), found no signifi-

cant differences in weight between them . in Sylvilagus.

floridanugs and Sciurus vulgaris respectively. To confirm

that Lord & Degn's observations also applied to Clethrio- -
nomys, the dry weight of bdth vole lenses was obtained
separatelyAto the nearest 0.005 mg. Weight was taken

using an Oertling balance within 20 minﬁtes of femoving the
eye lenses from the oven. The values of the twd lenses of
each vole were averaged in drder to represént one animai's

lens weight.

———————.-——-———--————-—-—-‘_.-—.

Two experiments were carried out in order td find out:-
1. The effect of two-formalin concentrations on the eye
lens weight.k
9. The effect of fixation time on the eye lens weight, using

one concentration of formalin, to ascertain that there~
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will not be any differences between eyeballs kept for -
3 days in the fixative than those which kept for 5 days.

Two litters from diffepent.parents, weré used. The
first 1itter,'born on 27 March 1974, comprised 2 females
and 2 males, 30 days old. The second litter, born on 12
March 1974, comprised 2 females and 2 males, 42'days old.
One female and one male from each litter, 4 animals in totai,',

were used for each experiment:

a. Two formalin concentrations were used, 5% & 10%. The 4
left‘éyéballs, after they were extragted, were kept in
5% formalin for 3 days; “the 4 right eyeballs werelkept
in .10% formalin also for 3 days. All the 8 lenses were
subsequently pﬁt'in-the oven (60 to 7000) for 3 days to
dry. The weight of each lens was takén, 20 minutes after

it was removed from the oven.

Y. The éyeballs from the remaining voles were ali fixed in
5% formalin. Ths 4 left eyebalis were kept in the'fixa-
tive for 3 days, and the 4 right eyeballs were kept'for
15 days. Then all the 8 lenses, after they have been ‘

dissected, were dried in the oven for 3 days.

The resulfs of the experiments are presented in table
47. Neither the different concentrations of formalin, nor
the duration of fixation, up to 15 days, had any significantA
effect on the eye lens weight.‘ This result is similar to
that of Friend (1967a), in his work on the effect of fixa-
~ tion time on lens weight of white rats. He showed that
significant differences betWeen fresh and fixed lenses

appeared only after keeping the lenses in formalin from 4

weekg onward.
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. _ formalin , o
Table 47. Data showing the non-effect of twolconcentrations,

end fixation time on the dry weight of the eye

leng of C. g. britannicus:

Sex °  Age/ Eye lens Concent- Fixation Eye lens
' days _ ' ration of +time/days weight/mg
o - formalin ,
F 30 left 5% 3 1.540
" 30 right 10% 3 1.540
M 30 left 5% 3 . 1.540
" 30 ~ right  10% 3 " 1.560
F . 42 left 5% B 1.860
" a2 right 104 -3 1. 900
Mo 42 left 5% 3 1.880 -
" 42 right - 10% .5 1.880
F 30 left 5% 3 1,430
" 30 right 5% 15 1.440
M 30 left. 5% - 1.550
" 30 pight ' 5% - 15 1.600
F 42 left 5% 3 1.860
" 42 right - 5% 15 1.860
M 42 left 5% 3 1.870

N

" ' 49 : righf 5 . ‘415 1. 86’0
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C. Résults:

a. The mainland bank vole:

Tt W e WER MR vt et St e bt e va e e e

Data for the growth of the eye lens are presented
in Pig.46 and Appendix 42. Differences between the two
sexes were not signficant, (t64=0.118, P> 0.9); and the

data were combined.

The dry weight of the eye lens is highly correlated
with age, (r for the whole sample was 0.85). The varistion:
between individuals of similep age was very low (V=5.28).
The growth of the eye lens was very fast during the first
four months of life (r=0.96 up to the age of 60 days). The
~aferage.weight ofrthe eye lens at the age of 14 days was.
0.8388 mg. It Wés 1.4285 mg ét the age of 30 days; 2.1088_
mg at GO days; end 2.6235 mg at 120 days. The growth of
the eye lens slowed down afterwarda,Abut it never ceased.
AThe lowest rate of growth occurred between the ége 6 to 9
months. . »

Differences between‘the weights of the two eye lenées
of 238 specimens of the mainland bank vole were computed
for each individual. Ninety.fhree specimens out of the whole
sample had no dilference in weight between the tWo eye
lenses. The differencé Was very low in the othef 145 spe-
ciméns. It ranged bétween 0. 010 to 0.10 mg, and averaged
0.081+0.008 mg which was equal to 0.67% of the dry weight
6f the eye lenses. This result is less than that_obtaiﬁed
by Lord (1959), for the cottontail rabbit. The mean per-

centage difference for the latter was 0.87:1.21.
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ThewhdesamMewas divided into 29 groupé according tq‘thé
dry weight of the eye lens. The frequency distribution,
mean age, standard deviation, standafd errér, and coeffic-
ient of wvariation, for each'group were computed and 95%
confidence limits were attached to the mean age of each
gize~-group (Table,éa).

The dispersion of the values within each size-group
was reguler (¥=11.98 for the whole sample).

The accuracy for estimating the age was very high up
to a mean age of 104.6 dayé, and an eye 1ens.weighf of 2.5
to 2.595 mg (groups 1 to 19). The accuracy extended from
i0.0'(groups 1to5, 9, 11, and 12) to +14.7 days (group 19).

_The varigbility increased above a riean age of 183 days
(group és) onward, due to the slowing in tihe growth of the
éye lenses, which in turn decreased the accuracy for ageing
bank voles with eye lens weights of mére than 2.90 mg. The
highest variability (v=34.16) was in voles with eye lens
weights of 3.2 to 3.395 mg and a mean age of 313.9 days.
The accuracy for éstimating the age of voles with this eye
lens weight was +64.8 days (group 25). |
' The low accuracy for ageing voles with 3.4 to 3.495 mg -
eye lens weight (being 330+103.1 days), was maihly due to
the small sample size (group 26), as the variability was
low (v=19.64).

The high accuracy for estimating the agé, thevlow
variability (?:11.98), along with the high correlation>'v
coefficient,'fender the use of the"dry weight of the'eye -
lens a highly reliable criterion for ageing the mainland

bank vole.
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Table 48. -estimating the age of the main-
land bank vole from the dry weight of the eye lens:
G. BEL W/ P. O.Range/ MeaniS.E. 8. D. V. Estimated age
No mg , days 3 : range/955%c. L.
1 0.3-0.395" & 5 days 5,0+ = - - 5, 0 :days
2 0.4-0.495 5 7 days 7.0+ - - - 7.0 days
3 0.5=0.795 6 10 deys 10.0f - - - 10.0 dsys
4 0.8-0.895 4 14 days . 14.0+ -~ - - 14.0 days
5 0.9-0.995 4 17 days 17.0+ - - - 17. 0 days
6 1.0-1.095 3 17- 21: 18.3% 1.34 "2.31 12.60 12.7- 24.1
7 1.1-1.195 10 17- 24 20.9+¢ 0,53 1.586 7.uo 19.7- 22.1
8 1l.2-1.395 9 24—~ 30 26.7+ 1.05 3.16 11.86 24.2~ 29.1
9 1.4-1.495 5 30 days 30,0+ - - - 30.0 days
10 1.5-1.595 5 30~ 35 31,0+ 1.00 2. 24 7.21 28.2- 33.8
11 1.6~1.695 4 35 days 35.0x - - - 35.0 days
12 1.7-1.,795 2 42 days 42.0+ -~ - - © 42.0 days
13 1.8-1.895 11 42=-60 45.9+ 2.19 7.27 15.84 41,0~ 50.8
14 1.9-2.095 12 49—~ 60 53.6t 1l.64 5.66 10.57 50,0-~ 57.2.
15 2.1-2.195 o | 49~ 72 58.9%%¢ 2.28 6.85 11,62 53.6=i 64,2
16 2.2-2.295 9 49~ 72 60.1+ 1.92 5.73  9.57 55,7~ 64.6
17 2.3-2.395 9 60-100 77.6+ 3,21 11.74 15.13 68.5- 36.6
18 2.4-2.495 10 79-120" 95.2++5.92 13.72 19.66 81.8-108.6
19 2.5-2.5956 13 80-150 104.6+ 6.73 24.28 23.21 90, 0~119. 3
20 2.6-2.695 4 100-165 133.8%14.63 29.26 21.88 87.8-179.7
21 2.7-2.795 10 100-165 140.5% 6.35 20.05 14.28 126.2-154.9
22 2.8-2.895 9 100-180 145.6+10,22 30,66 21.07 122.0-169.2
23 2,9-2,995 10 120-270 183.0£13.94 44.05 24.07 151.5-214.5
24 3,0-3.195 28 165-360:: 238.9+ 9.16 48.46 20.28 220.2-557.7
25 3,2-3.395 13 180-540 513.9+29.70 107.20 34.16 249.1-378.6
26 3.4-3.495 4 270-420 B330.0%32.41L 64.81L 1S.64 226.9-433.1
27 3.5-3.595 10 300-540 3°3.0+22.58 71l.34 18.15 342.0-444.0
28 3.6-3.795 11 330-510 433.6+18.68 62.01 14.30 392.0-475.3
29 3.8-4.,040 5 360-540 474.0+30.54 68.41 389.1-558.9

14.43
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‘b._The Skomer vole: -
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Data for the growth of the eye lens of the Skomer
" vole are presented in Fig. 47 and Appendix 43, Differences
between the two sexes were not significant, (£64=0.08,

P > 0.9), and the data were combined.

f

The gfowth of the eye lens in Skomer voles was reguiar

and highly correlated with age, (r=0.85). Variation bet-

ween individuals of the same age was very low (¥=3.63).

The mean difference between the two eye lenses was

0.085£0.0065 mg or 0.7% of the dry weight of the lenses.

The éye lens grew very quickly during the first four
months of the vole's life. Tts weight averaged 0.8388 mg
at the age of 14 days; 1.4115 mg at the agé of 30 days;
2.1554 mg at 60 days; and 2.6788 mg at 120 days. Growth

decreased afterwards but it never ceased.
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The»whqle gample was daivided into 29 groupé according

to the dry weight of the eye lens (Table 49). .

The distribution of the material within each group was
regular and the variability was low, (¥=8.27). The accuracy
for estimating_the‘age was high throughout life. It exten—
ded from +0.0 (groups 1 to 9, & 11), up to +65.3 days

(group 26).

The most variable eye lens weight value Was 2.70 to
2,795 mg (v=21.6), éorresponding to a méan age of 150.6",
days and an accﬁracy for estimating the age of x23.6 days.
This accuracy is high in proportion to the mean age, (group
'18). The low accuracy‘for estimating the age of voles with
3.8 to 3.895 mg eye lens weight (being +113.9 days) was due
to the small sample size (group 29).

The low variability, and the high accuracy for esti-
mating the age from the Adry weight of the eye lens, along
- with thé high correlation coefficient make this character
a highly relisble index. - o



233

490, 0£26.49

Table 49. numerical data for estimating the age of the Skomer

vole from the dry weight of the eye lens:

G. EL W/ 7P. 0.Range/ NMeantS.E. s.D. V. Estimated age

No mg days : range/95%c. 1.

1 036-0.395 2 5 days 5,0 = - - 5.0 days

2 0,4~0.495 4 7 " 7.0 = - - 7.0

3 0.5-0.695 5 10 " 10.0& - - - 10.0 "

4 0,7-0.895 4 14 " .14.0¢ -~ - - 4.0 "

5 0.,9-0.995 4 17 " 17.0+ = - - 17.0

6 1.0-1.195 4 21 " 21.0+ = - - 21.0 "

7 1.2~1.295 4 24 " 24.0¢ - - - 24,0 M

8 1.3-1.4985 10 . 30 " 30,0+ = - - 30,0 "

9 1.5-1.695 8 35 H 35.0¢ - = - - 35,0 # ‘
10 1.7-1.895 & 42-~ 49 43,4+ 1.49 3.13 7.21 32,5~ 47,3
11 1.9-1.995 2 49 days 49,0+ = - - 49,0 days
12 2.0-2.1956 9 49~ 60 58.8+ 1l.22 3.67 G. 24 56.0~ 61.6
13 2.2-2.295 6 60~ 80 65.3%+ 3.53 8.64 13.23 56, 3= T4.4
14 2.3-2.385 3 72~ 80 TA, T+ 2.67 4,62 6.19 £3.2~ 86.2
15 2.4-2.495 7 -72-100 84.6+ 3.51 2.29 10.98 76,0~ G3.2 .
16 2.5-2.595 5 80-~1C0O 88.0+ 2.00  4.47 4.56 92.4-103.6
17 2.6-2.695 8 90-165  125.0+ 8.71 24.64 19.71 104.4-145.6
18 2.7-2.7S5 8 20-180 13C.6+ 9.97 28.21 21.60 107.0-154.3 -
19 2.8-2.895 4 125-180 157.5+ 9,683 19.36 12.30 126.7-183.3
20 2.9-2.595 4 150-210 163.8+14.20 23.39 16.83 123.6-213.9
21 3.0-3.095 6 165-210 180.0% 6.7l 16.43 .13 162.8-~197.2
22 3.1-3.195 4 210-270 240.0412.25 24.49 10.21 201.0-279.0
23 3.2-3.295 7 210-300 244.3+12.10 32.07 13.13 214.6-273.9

24 3.3-3.,395 10 210-360 297.0+13.01 41l.11 13.84 267.5-326.4
25 3,4-3,495 8 300-450 371.3+20.32 567.68 15.54 323.0-41C.6
26 3,5-%.595 9 270-540 400.0+28.23 ©84.85 21l.21 334.7-465.3
27 3,6=3.695 10 330-540 450.0t22.82 72.11 16.02 398.,4-501.6
28 3,7-3.795 6 360-510 470,0+24.08 58.99 12.55 408.1-831.9
29 3.8-3.895 & 450-540 45,83 9.35 376.1-603.9
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D. Discussion:

. The lens weight techniqﬁe for determining agé in the
mainland bank vole and the Skomer wvole in ‘the present'stud&
proved to be of very high value. It was highly correlated
with age (r_O 85 from the age of 5 days up to the age of

18 months, in the two subspecies). The correlation coeffi-
cient ﬁas higher during the first two montha of life '
(r=0.96 & 0.98 for the mainland bank vole, and the Skomer
vole respectively)- Variation. in eye lens weight between
the voles of the same age was very low, (¥=5.28 for the
mainland bank.vole, and ¥=3.63 for the Skomer vole);
Individual voles can be assigned, each to its age group,

by this technique, with high accuracy. Voles until the
_age 6f 3 months can be aged to within 1 to 2 weeks interval,

and in older voles, to within 1 to 3 months (Tables 48 & 49).

The dry weight of the eye lens has proved to be
a reliable character to determine the age of different

species of wild mammals as well as laboratory-faised dnes.

Pucek & Lowe (1975) mentioned that the standard
deviation is far smaller with this method than any other
using body or skull measurements and it can be recommended
as the best method for determining the age of voles,
lemmings, mice, dormice, squirrels, and bats. But
Berry & Truslove (1968) showed that the eye lens weight

was not a relisble indicator of age in a laboratory-raised

population of laboratory mice (lMus musculus).  They
suggeéted that genetical differences between populations
may increase the lens weight variablility. The results of

the present study were dissimilar to those of the above



authors. The mainland bank voles which were used in this
study were.collected in diffprent localities and therefofe,
had different genetical factors. The samples of each age-
group were derived from different parénts, and still, these
genetical differences did not have any gsignificant evident
major notable effect on the growth cufve of the eye lens,

and variability was found to be very low (¥=5.28).

" Ostbye & Semb-Johansson (1970) found that the lens

weight of a laboratory population of Lemmus lemmus was more

likely to be of value as age criterion in young than in old
animals. They found that lenses grew very quickly in voles
up to about 30 to 40 days oid, followéd by a period of
reduced increase in weight and a resumed greater increase
in weight in individualé more than about 6'months'old,(theif

gsample comprised 1emmings of up to 200 days o0ld only).

The growth of eye lenses in C. glareolus differs from

that in Lemmus lemmus. Eye lenses grew guickly during the

first 6 months of life, after which growth slowed down, but
only up to the age of 9 months, increase then resumed up to
the age of 18 months. Therefore, the use of eye lens wéight

to determine the age of C. glapeolusAhas application over ‘?‘

a greater age range than in Lemmus lemmus.

Adamczewska—Andrzejeﬁska (1973a) mentioned the difference
in the growth rate of the eye lens between spring and autumn-

born individuals of Microtus arvalis. She did not consider

the difference in drawing the growth curve, as she added
that this difference was statistically not significant. No
" differences, regarding seasons,'were found in the eye lens

weight of laboratory-born bank voles, simply because
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environmental factors were minimised under laboratory

conditions, (see chapter IV).

Values for the dry weight of the eye lens of C. rutilus
"and C. rufocanus studied by Askaner & Hansson (1967) in
Scandinavia, had almost the same range as the British spe?
.cies.rone to 1.45ng were the lowest weights in their sample
and increased to 4.5, 4.95 mg in overwintered C. rutilus,

and to 5.5, 5.95 mg in overwintered C. rufocanus.

In the British subspecies C. g; britannicus and C. g. .

skomerensig, thé average dry weight of the eye lens for one
month old voles, (animala of this age are easily found in
the field), was l.4 mg. The highest lens weight recorded
in the present study Was 4.04 mg for a male C. g. britanni-

‘cus, and 3.89 mg for a male C. g. skomerensis, (7.78 mg for

both eye lenses). Both voles were aged 18 months.

Le lovarn (1971) used the weight of the eye lens to
determine the age of C. glareolus in France. The weight
values which she gave were almost the same as values obtai-
ned in the present work. Table.50 shows the results of her
study and the.result bf the.correspondiﬁg ages of the present

work.
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Table 50. Comparison between theA dry weight of the eye
lens of C. glareolus in Fi‘*ance (obtained by Le
louarn, 1971), and‘g. glareolus in Britain
(obtained in the present study):

Age Dry weight of the Mean dry weight of the
eye lenses/mg of two eye lenses presented
C.glareolus in combined /mg
France, (Le louarn,

1971)
Male Female - C. g C.g.

brifannicus skomerensis

3 weeks 2.3 2¢2 2.3112 2 2426
1 month - 3.0 - - 2.8570 2.8230

2 M a1l 4 4.2176  4.3108
3 5.0 4.7 5.0028 5.1280

4 5.7 5.5 55,2466 5. 3576

5 ' 5.8 - 5.4714 5.6340

6 6.2 5.4  6.0814 5. 9060

T v 66 - - 6.1654 6. 5184

9 - 6.5 ' 6.5290 6.6420

i3 - 7e3 | 7.0100 7.1380
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The dry weight values of the eye lens of other species

of Clethrionomys from Scandinavia -(Askaner & Hansson, 1967)

'look similar to those of C. glareolus in France (Le louarn,
1971){ and Britain (the présent study), though they are
a little heavier in C. rutilus and C. rufocanus. |

This result shows that the eyé lens weight is a speci-'
fic character, having the same weight in the different gub-

species of a mammal, a result which has been shown in-the

‘present study regarding C. g. britannicus & g;g.skomerensis.
This result is not in agreement With Adameczewska-Andrze je—
wska (1973a) in har suggestion that an eye lens weight
differential eiists between two subspecies of [Microtus

arvalis in Poland and France.

The effect of the nutritional status on the eye lens
weight, was discussed by some authors, mainly in large
mammals, e.g. Lord (1962) on deer (Qdocoileus); Edwards -

(1962) on the cottontail rabbit (Sylvilagus floridanus);

Lueth (1963), and Friend & Severinghaus (1967) on the
white-tailed deer (Qdocoileus viréinianus); Friend &
Linhart (1964) on the red fox (Yulpes fulva); and Friend
(1967b)on laboratory rats. T ‘

Lueth (1963) found that the eye lens weight technique
for agelng deer apparantly is not accurate beyond the %
year age class. It ma& be a good indication of nutrition.
Lord (1962), found an apparant'differénce in the growth
rafe of the lens between deer raised in pens'and wild
deer. The former had heaﬁier eye lenses than the latfer.

He attributed the difference to the.superior nutritional

status of the penned deer. Friend (1967b), on one hand,
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‘showed no effect of different nutritional levels on the_eyé
lens weight of laboratory rats. On the other hand, Triend
& Severinghaus (1967) recorded that nutritional deficienc-

ies (starvation) in wild deer would retard eye lens growth

in fawns during their foetal period or prior to weaning.

Matschke (1963), in hié work on the effect of nutri-
tion on the weight of eye lens of wild hcgs (Sus scrofa),
concludéd that nutrition affects the body Weight which ih
furn affects the eye lens weight. Matschke, in his expe-
riment used two different concentrations of protein in |
éhe diet which he gave to the hogs. It is most likely that
body weight and eye lens Weight were mainly affected by
'starﬁation. | _ | | : | _

In the present study, the body.weight was found not .
to have any effect on the eye lens weight of normal voles.
If the body weight affects the eye lens welght, then the
two characters'should have the same correlation coefficient
with age. But results of the preseﬁt study showed diffe-
.rences between these two characters with age. In addition,
varisbility in the dispersion qf the values within esch
age-~-group sample was very low in eye léns wéight, while

the body weight was highly varisble.
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II. 8. Moult and the sequence of pelages

A. Introduction:

It is known that the pelage of ény individual rodent
varies according to age, seaoon, and sexual stage, as
a result of grow1ng and moulting.‘.

Collins (1923) distlngulshed three pelages in the life
'éycle of the genus Peromyscus, namely, the juvenile, the
'postjuvenile; end the adult. Four pelages were disting-
uished by ofher authors for many rodents. These are, the
juvenile, the postjuvenile, the preadult, and the adult.
Moreover, Xoponen (1964) mentionéd that "if an individual
sufvives long enough, it may have several successive»hair'
growths of the adult type" | |

Thus, the sequence of hair growth and the progr6381on
of moult could be used as criteria to detsrmine the age
of small rodénts;r | |

Moult progression hés'been used for ageing different
species cf rodents such és, the meadow mouse (Microtus

cali*ornlcus), Ecke & Kinney (1956), the deer mouse

(Peromyscus leucopus nOVebopacen31s), Gottschang,(1956)

. the Norwegian lemming (Lemnus 1emmus), Koponen, (1964 &

1970); the cotton rat (Sigmodon higpidus), Chipman, (1985);

and the golden mouse (Ochrotomys nuttalli); Linzéy and o
Linzey, (1967). ' .

The moult is ‘usually studied using the dried skin, the
inside of whlch shows deeply pigmented areas where melanin

has accumulated prior to being 1ncorporated into the hairs.

As a new hair develops, a heavy concentration of pig-

ment is deposited at the follicular site. Thus, the skin |
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in the area of new hair growth takes on a dark bluish hue

which can be detected from both, the fur side and uaderside

of the skin, (Ecke & Kinney, 1956).

Regarding the genus Clethrionomys, Kryltzov (1963),

in his study of the moult topography of some rodents and
lagomorphs, mentioned thé juvenile and séasonal moultings

which occur in C. glareolus, G. rufocanus, & C. rutilus.

Manning (1956), in his work on G. rutilus in Canada,
mentioned the presence of a single juvenile moult, the

autum, and the spring moults.

Apart from that of Manning and Kryltzov, I have found
nothing in the literature sbout hair growth, moult, and

sequence of pelages In Clethrionoinys, except for a few

taxonomic desceriptions of the adult pelage (Southern,
1964). |

The present work was carried out with the purpdse of:
l. Following the course of pelage changes, and
2. Pinding out the degree of correlation between moult and

age.

B. Methods:

Two hundred-driéd skins of the mainlanq bank vole and
160 of the Skomer vole were examined in this study. The
skins were prepared as follows:
| After the vole was killed, the skin vwas removed by -
making a longitudinal incision on the underside from thé
anus to the chin and from the central incision along the
hind limbs. After removal from the carcass, excess fat was

peeled off and‘the skin was rubbed with Borax. Then it was
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streched and pinned flat on a cork board to he dried for at

least 7 days.

C. Results:

a. The mainland bank vole:

Two regular moults were found to take place during the
irst 3 months of life, and after the develdpment of the

- young pelage. These will be discussed separately.

1. Young pelage: (Rig 43):

Newborn voles are copletely haked. The skin is semi-
tranéparent and unpigmented. Pigment starts to appear on
‘the héad, and extends béckward to the dorsum on the second
day indicating that the hair develops first on these parts.
On the third day, the pigment spreads backwards to the rump
region, tall, and the hind limbs. It covers the wrists on
the fourth day. The melanophores and xanthophylls are
obvious when the skin is exaﬁined at its inner or outer
surfaces. At the same time the belly is still transparent
except for a few sqattered white hairs and there is no trace
of any pigment.' | | |

Hairs of two different colours_aré found onrthe‘upper'
parts, black, and yellow. The latter, increase in number
énd become longer ana darker by the seventh day ofvlife,i
which gives the pelage 1ts shiny colour. .

The pigmentation spreads very quickiy and covers the
whole underparts'by the tenth day. In this stage, the halrs

elongate and the grey bases develop throughout the body;

the hairs having white tips on the belly, pale yellow tips t'

.on the flanks, snd brown on the upper parts.

I
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At the age of 13 to 14 days, the pigment beginsg to
dlsappear from the underside of the skin, first from the
head, then from the belly and dorsum. By the 17th day, the
whole pilgmentation disapvears, and the voles now have the
young pelage (Fig. 48).

This pelage is very fine, mostly grey with very short
white tlips on the abdomen, pale yellow on the flanks, and
brown on the upper parts. There is no pigmentation on the
flesh side of the skin once pelage growth has been comp-
leted. The vole keeps this pelage until the age of 25 days,

the time when the first moult occurs.

2, The first moult (Plg. 49):

The young vole begins the moult, that will take it
through the juvenile to the subadult stage, at the age of
26 to 27 days. The pigment patterns at this stage are seen
first along the belly and the thoracic region. They extend
upward to the flanks and continue until they meet the pig-
ment patterns of the other side on the mid-dorsum. The
pigment then, spreads very quickly backward to the rump
and forward to the head and cheeks. At the same time, the
pigment starts to disappear, first at the belly, then at
the flanks, dorswm, and‘rump. The last area from which the
pigment vanishes is the top of the head. This type of
moult is called sublateral by Kryltzov (1963).

The moult lasts until the age of 50 to 65 days, and
the vole after completing this moult is sexuall& mature.
It was immature while the gbove moult took place.~-

The moult occurs by the development of a new hair

under the old one. These two types of hair can easily be
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geen if the halr is parted transversely using a needle.
The néw pelag¢ is like the youngs' in colour, except

that it is coarser and becomes longer. The vole retains

this pelage till the age of 80 to 90 days, the time for

the next moult to take place.

3. The second moult (Fig.50):

This moult takes place when the animal is 80 to 90
days old. The pigment is first seen.in the forelimbs. It
spreads from there making a continuous ring-shape arbund
- each forelimb. It then enlarges and ektends backwards to‘
cover the flanks and upward to the dorsum to meet the
contralateral side and.broceeds forwards over the head.

‘At fhat time the pilgment starts to disappear from the flanks,
then from the ddrsum. The last area'to moult is the top of
the head, (Fig. 50). | |

This moult takes a long time. Ityends at the age of

120 to 140 days, and the voles now ?osseSS'the adult pelége.
vThe hair is coarse, with long grey bases, long brown tips
at the back, yellow tips on the flanks, and pale yellow on

the underparts.

Several other irregular moults occﬁr'duripg the adult ‘
stage and throughout the rest of the vole's life. They take
plécevin the form of patches anywhere on the.skin. And it
1s not unusual to éee these patches on‘the skins of voles
haV1ng different ages, (Fig. 51).

It is not clear whether these irregular moults have
éométhing to do with age or whether they are seasonal moults.

This needs further study. For instance factors other than
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age, such as physiological factors might stimulate this ~;.

type of moult and ecological factors are not to be negleg-

tedvin such studies.

b. The Skomer vole:

Two regular moults.were dbserved-in the'Skomer vole,
after the develppment of the hair in the young.
. The young pelage devélops at the age of 3 days, and is
completed at the age of 18 to 19 days. It is fine, grey
with brown tips on the dorsal surfsce, grey with yellow_tipé
on the flanks, and érey With‘pale yellow‘or white tips on
" the ventral surface.’ | ) ' '

~ The first moult, into the subadult stage, starts by

the 24th to the 25th day of life, on the belly, proceeds -
forward to the chest, and up on the flanks to meet the
contfalateral side on the dorsal midline. Then it proceedé
backwards to'the rump, and forwards to cover the head. At
that time fhe ventral surface has complefed its mouit and
grown the preadult pelage. ° |

' This moult lasts until the vole is 50 to 60 days old.
The second moult begins at the age of 65 to 80 days, and
progresseé to completion at 90'tq 100 days of age. This
moult starts at the forelimbs in the form of a ring. It
proceeds over the flanks and the bellyfahd'then up to the
dorsum;‘fquard to the cheeké‘and head, and backward to . -
the rump; | ;., » |

After these two regular moults whichiled to the adult

- pelage, many dther irregular moults were fdund to take place’
‘during the rest of the'adult's life. These moults take pléqe
n the form of patches over the whole body, and black pig-
ment is usualiy found on the flesh sidevof the vole skins

fhroughout their lives.
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D. Discussion:.

The results of studying the seqﬁence of pelages, in,the
present study, indicate a pafallel between age and moult .
pattefn from birth until the age of 4 months in tﬁe main-
land bank vole, and from birth until the age‘of 5 months in
the Skomer vole (Fig."52); '

young pelt first moult pelt second adult
: , moult irregular
moults
0 17  26-27 . _ 50-65 80~90 - 120-~140
| 'Age/days»

Clethrionomys glareolus britannicus.

young | peit | first moult - |pelt |  second . adult
' ‘ ' v moult irregular
moults
0 18-19 24-25 . 50-60 65-80 - 90-100
' Age/days

Clethrionomys giareolus skomerensis

Fig. 52. Summary of the cycle of pelage development in the

" mainland bank vole and the Skomer vole.
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Differences were found between fesults of the presenﬁsﬂdy
and those obtained by Manning (1956), in his work on a field
population of C. rutilus in Canada. For instance, he found A
the voles to‘moult oniy once, and that was the juvenile
moult (which sometimes was replaced by an sutumn moult iﬁto
winter pelage),‘but no second subsdult moult, while two
'b'regular moults were foundvto take place iﬁ C. glareblué.

He added thét thepe was a cosiderable variation in the size -
and probably the age at which the juvenile moult occurred.
This did not occur in my sample, as ali voles moulted at

the same time. |

Manning mentioned the autumn moult and‘anAirregular
spring moult which sometimes took the form of patchesQ

Seasonal mouits have not been discussed in the present
- “study. But the moult Which occurred in adult voles in the .
form of patches might be comparable to the spring mbulfJ

which he mentioned.

Hair growth in the young bank vole agrees with that
described for Lemmus lemmus (Koponen, 1964 & 1970), except

that the pigment patterns in L. lggggg can be seen in the
flesh side immediately after birth, while that in the bank =
vole can not be seen until the secénd day of its life. The
pigment disappears in L. lemmus at the age of 18 dayé, at_ »
17 days in the mainland bank vole, and at 18 to 19 days in
the Skomer vole. ' | |

| Bank voles.differ from L. lemmus in the 6ﬁset and the
pattern of the'postjuVenile moult (the first moult). Post-
juvenile moulting began in L. lemmus at the age of 20 to
23 days, at the age of 26 to 27 days in the mainland bank
vole, and at the age of 24 to 25 days in the Skomer_vole;i
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It is complete at 38 to 42 days in L. lemmus, at 50 to 65
in the mainlend bank vole, and 50 to 60 days in the Skomer
vole. ' _ |

Whiie the postjuvenile moult pattern in the bank vole.
differs from that in L. lemmus, it resembles the preadult
moult in this genus, but again not in‘the'time of onsét{
The preadult moult in L. lemmus starts at the age of 6 to
7 weeks, and completes at 2% months.

The postjuvenile moult in the Bank voie, also agfees

with that described for Ochrotomys nuttalli (Linzey & Linzey,

1967), in its progression, but not in the time at which the
animal starts moulting. Ochrotomxg begins the postjuvenile
moult at sn average age of 36 days in ma;és and 38 days in
females, while the bank voles begin their first moult at
‘the age of 25 days. The duration of this moult is the same
. for both of them, 25 to 29 days. , '

| Ecke & Kimmey (1956), in their study of the age-moult

correlation in Microtus celifernicus, found that ages could

be estimated to within 4 days between the 20th and GOth days

- of age. In the PPuSGnt study agelng could be estimated to'

within 2 to 3 days until the age of 25 days, 5 to 6 day
until the age of 60 days, and to Wlthln one week until the

| age of '3 to 4 months. )

Achipman (1965).discussed moulting as an age indicator

in the cotton rat (Sigmodon hispidus). He described the
postjuvenile and adult moults which differ in patterﬁ and

| duration from‘those in the bank vole. Chipman mentioned the
occurence of irregular mpults which tookvfhe form of patchéé' 7

all over the flesh side of the skin in the adult stage.
These moult patches resembled thpSe in the bank vole.
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Kryltzov (1963), in his review of moult in rodénts

and lagomorphs, mentioned that the juvenile and seasonai 

moults in C. glsreolug, C. rufocesnus, and C. rutilus, pro-

ceed by the gublateral type, while o0ld animals moult diffu-—

sely. The éame recsult has been obtained in the present-

study, in addition to the adult moultiwhich proceeds by

the sublatefal type. ' |

The effect of environmental factors on moult héve not»,
been discussed in the present study, but since the first
two moults were‘maturatiohal,.i.e. voles mbult at the same
age irrespective of season, therefore, environmentalufaqtérs
have no effect on these moults, and age seemed the only
factdr associated’with‘their OCcufence. Diffuse extra
moulting was fouhd to take place in captive adult voles
throughéut their life. Thereforebenvironmental conditions-
might still not stimulate this type of moult in adult voles
suggesfing that moult is a physiolegical procéss affepted B

by interhal facteors.
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CHAPTER III. Experimental mainland bank voles which

were kept on a low=calclium diet.
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Experimental mainland bank voles which were kept on a low=—

calcium diet:

Food was assumed to be a factof which might affeot the
criteria of age determination. Two majof criteria being |
studied (teeth & bones) were most likely to be affected by
the calcium content of the diet. So, of the vsrious‘diétary
manipulations that were possible, low-calcium was the. one
selected for experlmentation. Availability of calcium is
something that may affect rcal-life vole populations, €e Lo
those living on different go0il types. So this study could
be relevant when considering the validity of age crlteria'

derived from one vmopulation being applied to others.

Voles raised on this—diet (see page 22), lived nor-
\mally and bred, so it was not fatally deficient in.any._
factor; They were killed and ~processed in the same manner'
as the control sample. Data for the growth of these voles
‘were analysed snd treated as before.'Student's t test wss
applied to compare the means of the control and experimehtal

groups (Table 51).

‘ ' The growth and developmeﬁt of -the molar rootsiwere not“
'affected by feeding on the low-calcium diet, neither was
tooth wear, as no significant differences were detected
betWeen the control and the experimental samples; The ten
sets of epiphyses fused to their diaphyses st,the game time
in the two samplesf The bacula grew at the same rate. No
significsnj dlfferences‘wefe found in skull‘measuremonts.'
Moreover, when the results of body weight; pody'measuremenfs,v
- and dry weight of the eye lenses were compared, no s1gnifi-

cant differences were noticed. These results demonstrate -
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Table 51. Results of‘applyihg the t test between the means'

of the control and the experimental samples:

Character t value : Probability
Whole body weight t40=0;50 - P>0.4
Head-body length £40=0.51 P>0.6
Tail length - t38=1,19 - P>0.3
Ear pinna length £40=1. 24  P>o0.2
Hind foot length - . $40=1,07 P>0.3
Skull length . t40=0,39 P>0.7 -
Zygomatic breadth $40=0.34 P>0.7
Lower Jjaw 1ength. +4.0=0, 396 -P>0.6
RM; length . £36=0.232 | ~P>0.8
RlMg length 486=0.27 - P>0.7
RMz length | £36=0.41 P>0.6
R length . t34=0.15 P>0.8
RUZ length 34=0.20  P>0.8
RM3 length : £34=0.09 . P>0.9
CMy height | | £40-0.38 P>0.7
CMg height  $40=0.45 P>0.6
CMgz height . £40=0.61 P>0.5
oMl height | $40=0.17. o P>0.8
OM2 height  $40=0.29  P>0.7
cu® height | £40=0.62 P>0.5
Dry weight of ‘ ” 40=0. 08 . P>0.9

eye lens




that the particular low-calcium diet selected had no effcct

on the growth of the mainland bank véles,'

Discussion:

The lack of any effect of the low-calcium diet on the
age determination criteria of the mainland bénk voleg had
not been expected, as calciuﬁ is suppdsed to be an important -
element for the growth of bones, and any deficif in this
element might be expected to result in a .retardation of
bone growth (Le Gros Clark, 1971). But results in the pre-
sent stﬁdy showed that bones'and teeth developed and grew .
normally. Molar roots develoﬁed,at the game time és in
normal voles. .

The low-calcium diet which is supposed to be softer
than the normal—calcium diet, might retard tooth wear. But
again'teeth were found to wear at the same rate as in normal
 voles. 7 |

Bones of voles kept on 1ow-calcium_diet were expected
to grow slower, but results showed that fhey grew at the
same rafe as in normal voleé, and epiphyseal cartilages'

disappeared at the same time also.

It is possible fhat the voles werg.not affected by the
~ low-calcium diet because the 0.45% gm Ca amounf given in the
food might be sufficient for the needs of the bank vole, and
| the 1.10% gm Ca amount in the standard food might be more
‘than the voles need. | '
_This”speéulation is confirmed by-data availsble on the
éaleium content of the food eaten by the Skdmer vole at-

Skomer Island (T.D.Heaiing, personal communication)Q'It'was v
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found that out of the four common plahts found within the

vole's afea, they eat the red campion (Silene dioica) and

sometimes the sorrelv(ggggg gp. ). These two plants contain
0.62% and 0.58% gn Ca respectively,'a pércentage'which is
not much more than the 0.45% gm calcium content of the
present food, The voles hever eat wood sage‘(Teucrium '

scorodonia) which contains 0.97% gm Ca, and they may eat

sea campion (Silene maritima) which contains 0.91% gm Ca.

Bell et a2l (1941) fouﬁd that variation of the Ca in-
take between 0.075% to 1.39% gm Ca 4id not affect the
appetife or the general cohdition of rats and bones grew
normally. Moreover, Orr et al (1935) and Gaunt et al
(1938) showed that a diet containing 0.248% gm Ca dry

- matter is adequate for growth and reproduction in the rat.

Boelter & Greenberg (1941), on the other hand, found
that giving rats food containing 0.01% gm Ca resulted in
retardation oflgrowth and activity; paralysis of the hind
quarters, uncalcified skull, and a striking difference
bétween the bones of‘hormal and low-calcium rats. The
control rats in their experiment, had beenvgiven food which '

contained 0.546% gm Ca. .

From what has becn mentioned sbove, it is obvious that
the special food (contained 0.45% gm Ca), which has been
given to the mainland bank vole was -adequate and enough for

R

their growth.
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CHAPTER IV. Field study



260

Pield study

A The iest phase of the present»study was to obtain
gfowth data from a field population, and compare it with
the data from laboratory-raised mainland bank voles. But
a real field populetien of known~age'snima1s would have
requiredia large scale mark~eapture programme for which
neither time nor facilities were available. As a cempromise,
a population living in naturel weather conditions was used
in an outdoor enclosure. Animals were supplied from the
laboratory at age 21 to 28 days and left to live as members
of a 'field' population for varying lengths of time.'

The advantage of this arrengement was that exactly
known-age animals were made avaiiable, without a totally
‘disproportionai expenditure of time and effort. While the
disadvantage was that the first 3 weeks of the voles' lives o
were spent in the laboratory, although for half that time
the voles Were being suckled just as they would be in the
wild. | o

The small enclosures (see page 25) were built in the
grounds of the Zoology Department. The area where the pens
were establlshed is unmanaged rough grassland.}The soil is
a clay with .a compact texture. Many bank voles were trapped
»in the surrounding area indicating that it is suitable bank
vole habitat.. '

Each laboratoryebofn vele to be released ﬁas toe-clipped.
for identification.'A totai Qf 73 known—age'(Zl,to 28 days)
laborafory-born voles were released from September 1973 to'
March 1975. Thirty six were males, and 37 females.

'Unfortunately, 55 voles out of the whole sample, (75. 5%),
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idisaﬁpeafed from the enclosures, for different reasdns.
Many of them managed to escape 5y digging undernesgth the
walling. Somé others were found partly eaten byﬂtheir co-
habitants. Only 18 voles (24.7%), 7 males end 11 females,
were recaptﬁred and killed. Their age ranged from 42 to
210 days (Teble 1). One of the males (210 days old) was
trapped outside the enclosure. o '

Each retrapﬁed vole waé ;1n0cessed in the sazme way
as the lgboratory voles. | 7

Student's t test was not éppliedron the field sample,
becausé the sampie size was thought to be too small. The

mean values were used to compare the two samples.

* Results:

1. Body weight:

The meén body weight, up to the age of 5 monthé was
lower in'the field sample than in the laborétory-raisgd
one. In voles 6 ahd 7 months old, it was above 20 gm
(22.03 & 21.2 gm), which is the same as that of the lsbo-
ratory samplé. “ -_

The difference between field and laborétory ssemples
during the first 5 months of 1life is probably due to the
firsf group neediné time to adapt to the field conditiomns,
and also to the increase in their activity, such as digging, -
and fighting. . o
o Seasonal variations were not obvious in the field
sample. Voles born in spring or autumn, having spent ;he

same period of time in the field,'have the same weight. In
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other wards, voles born in spring are not heavier than_the'

autumm born individuals.

2. Body measurements:

‘Data for body.meésurements of the fiéld sample were
found not to differ from fhose of 1aboratory—raised voles,
especially above the age»of 4‘months._Bod& measurenents in
voles younger than 4 months were somewhat iesser fhan the

corresponding ages of the laboratory sémple.

3. Skull measuremcnts:

There were no dbvious differendes between the means
: of.the field and laboratory samples, regarding the three

skull measurements (Table 52).

Skull growth in the mainland bank vole is the same in
field and leboratory-raised individuals. Data from the .
latter are useful and apparently valid when used as cri-

teria for estimation of age in wild animals.
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Table 52. Means of skull megsurements of the lsboratory-

raised and field samples of the mainlandfbank

vole:

23.19

Age/ Skull length Zygomatic breadth Lower jaw length
days mm mm mm
field s. lab.s.  field s. lab.s. field s. lab.s.
42 21.63  21.39 12.50 12.30 12.28 12.12
60  21.70 21.89 12.69  12.76  12.38  12.57
72 22.50% 22,43 12.23% 12.83  12.50% 12.44
90 22.14  22.53 12.66 12.80 12.58  12.49
120 21.85% 22.98 12.58% 13.35  12.60% 12.97
150 22.95 23.14 - 13.85 15.65 13.09  13.35
"180 23.21 22.81 13.59  13.31 13.36 13.24
210 22. 87 13.39  13.42 15.15  13.09

* one specimen cnly.

3
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.4, Root development:

Although the roots of the molar teeth of the field
gample started to develop at the same time as in the
1ab§ratory sample, they started to grow faster above the
age of 4 months, (Table 53). The average monthly increase
above the age of 90 days, aﬁd up to the age of 210 days,
was 0.27; 0.20; 0.22; 0.25; 0.15; and 0,19 mm for; My; Mo;
Ms; ML; M2; end 1B respectively. |

Using 1aborétory root development rates as a criterion
of age will result in estimates which average 1.3 + 0.1
month younger than the actual age in voles between 3 to

7 months old.
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5. Tooth wear:

As eipected, teeth of the released voles wore down-
more quickly than those of laboratory-raised voles, prdbably
as a result of using them for eating different tyves of
‘naturai food, their use in digging and for chewing, ratherj
than using them only to eat Bne uniform type of food in the
1aborafory (Teble 54). The average monthly decrease in
crown height, between the ages 60 to 210 days, was, 0.26;
0.85; 0.22; 0.27; 0.22; 0.16 mm for My; My; Ms; UY; M%; and
43 respectively, which was comparable to the growth rate of
the molar roots. |

Using the molar crovn height of laboratory-raised voles
as a criterion of age produces estimates with averages of
_4.38+0.37 months youngef than the actual age in voles, 2
to 7 months 0ld, with a molar crown height which differs

aécording to each molar (Table 54).
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é.'Dry weight of the eye lens: -

A difference was found between the dry weight of the

. eye lenses of the two samplesf Thé laboratory-raised voles'
eye lens weight being slightly éreater; This difference ﬁas
.statistically not significant, t14=1.47, P>0.1 (Table 55).

Laboratory data for the dry weight of the eye lens
appear to be a useful method for age determination and can

be validly applied to field animals.

Table 55. Mean dry weight of the eye lens of the corres—

'ponding ages, for the released and laboratory-—

raised bankAfoles:

Agé/ mean eye lens mean eye lens
days weight/mg, for weight/mg for
field sample _ lab~-gample
43 .77 - 1.82
60  2.03 2.1
2 2.27 2.33
%0  2.30° 2.50
1200  2.56 2,62
150 - 2.64 . 2.73
180 ~ 2:85 - s.04

210 2.8 B5.08
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7. Epiphyseal fusion:

The fﬁsion of epiphyses of the field sample were found
to be in agreement with the lgboratory-raised voles. The
phalqngeal, metacarpal, and metatarsal eplphyses, the dis—
tal epiphyses of the radius and ulna,-tibio*fibula, humerus,
end femur, and the proximal epiphyses of the femur, all

appear to be consistent with the laboratory data .

8. Baculum:

Digital proccessés in the bacula of the males were
ossified in males 60 days old and older. Males under that
age were not available in the sample. It seems that captive
~and'wild' males are comparable, regarding the ossification

of their bacula.

9. Moult:

Data for moulting of the released bank voles coinside

with the data obtained from laboratory animals.

Discussion:

'Although the information on released voles was limited,
the results were enough to give an idea about the growth 6f-

the bank vole in its natural habitat.

Some authofs who have worked on the age determination
of small mammals, obtained satisfacfory results from rearing
'animals in the fleld and laboratory.

Lidicker &thLean (1969), in their study on ageing
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the Californla vole (Microtus californicus), concluded that

data on body and skull meauuremento from the laboratory
‘could be applied to field populations. Their results on
field animals were obtained from 24 voles ranglng in age o
from 40 to 41? days, which were released in outdoor enclo~
sures. | .
Chipman (1965) compared ége criteria between laboratory-
railsed and released cotton rats. My results are in agreement
with Chipman's findings regarding epiphyseal fusion, moul-"
ting, body and skull measurenents, and.the dry weight of
the eYe lens. The only differenqe was our cpmpariéoﬁs of"
body wéight. Chiphan found that weight increase, in cotton
rats, was much slcwer in the field than in the laboratory,
throughout life, whereas I found that the weight of the
‘bank‘voles was lower in the field in voles less than 5-

months old, but not in older voles.

Growth of the molar roots in voles raised in the enc-
losure was faéter than in the 1aborat6ry eanimals, so'wasr
tooth wear.'As teeth wear guickly, roots grow fastér and
- penetrate deep in the alveolus‘to support the Worn‘crowns.
The ratio of root length/crovn height at a certain age'is
constant in both populatibné, but the measureﬁenﬁs them~
selves were higher in pen ponulétion than}in voles of the
same age, raised in the 1aboratory regarding the root length,
and lower regarding the cwown height . _

v The rapid wear of teeth might explaln Why field animals f
have a shorter 1ife span than laboratory animals. The'life
'span.for the former was said to bé 12‘t0 14 mohths (Schwarz,r
et al, 1964);. 17 .to 21 months (Pucek, et al, 1969), and up
to 24 months (one record by Lowe, 1971)._While 1abofatory )
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'voles, in the pfesent atudy, lived up to more than two

years, (two voles lived up to 27 months).

Regarding the Skomer vole, no field wérk on kﬁown-age
animals has been done in the present study. Seventeen skulls
of unknown age voles, collected on Skomer Island and kindly
provided by T.D.Healing, were examined to be:compared with
skulls of laboratory-raised voles. » ‘ .

One of these skulls bélonged to a nearly known age’
female which was obtained by the CHR method. This female
is known to be more than one yéar.old; It had first been
trapped on 4 October 1972, and killed on 23 Sebtember 1973,
It is most probable thét this female was born.during the
summér of 1972, and tﬁg éafliest would be the end of April
of that year. Therefore its maximum age at the date éf
death wguld mosf-likely be 17 months. | N

| Daté on the skull measurements and molar teeth of this
female were taken and are presented in table 56;

' The age of this female iénpresented separately accor-
ding to each character, and on the basis of the results

which were obtained from laboratory—raised voles.

These results.indicate‘that the age of this female
according to the skull lehgth; for instance, is probably
at least of 410 days. in the laboratory-raiséd'sample, the‘
highest vélue bf a female skull length was‘25.26 mm for
" & 450 days old female. Another 480 days old female had
a skull length of 25.12 mm. |

The results for estimating the age qf this female
aécording to the zygomatic breadth, lower jaw length, and

the.molar root length are almost the same. The mean age



Table 56: Skull and molar teeth measurcments, the mean’

estimated agé and range under a probability

level of 0.05, of a female:Skmner vole collected

at Skomer Island:

Character measuremeht/ mean age/  age range/
- mm days days/95% c.l.
Skull length 25.40 410.0 -
Zygomatic breadth 14.60 420.0  361.7-478.3
Lower Jjaw length 14.78 407.1 3454 B3=469,0
ﬁml length .20 415.0  378.2-451.8
Ri, length 2, 05 462.0  419.5-504.5
RMz length 1,44 453.0  403.0-503.0
"Rl length 2,00 462.9  427.5-498.2 -
RMZ length 2.11 472.5 - B74.0-570.9
RMS length : 1.72 510.0  478.0-542.0
Cliy height - 1.21 . 482.5  460.3-504.7
CMg height o 1.00 | 474.0 447.7-500. 4
CMz height . 0.66 514.0 -
cut height-‘ _ 1.28 505, 0 £68.2-541.5
CM? height 0.76 530.0  487.0~573,0
cu® height  0.66 510.0 -
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‘extended from 407.1 to 510 days. The maximum age ranged
between 451.8 to 570.9 days, and the minimum age ranged
'between 345.3 to 478.0 days.l
Thé‘age of this female according to the crown height

is higher than according to the other measurements mention=-
" ed above, simplj because expériments with a'field popula-
tion' of maiﬁland bank voles showed that vbles in-natural
habitats suffer incregsed wear of their teeth when compéred A
with lsboratory stock. |

| We sce that estimafing the agé of 1aboratory-£aised
Skomer voles by'croﬁn height gives a ycunger age if app-

1ied directly on field animals.
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CHAPTER V. General comparison and di_scussion



General comparison and discussion

The present study was based mainly upon the interpre-

tation of characters from dead animals. The main purpose

of this study was to ascertain by the use of laboratory

enimals of known-age which of various age determination .

eriteria would give the most accurate and reliable estimates

of age, and to investigate whether environmental factors

might influence the reliability of these criteria.

A gsummary of +the data for éach character is presented

in tableg 57 & 58 for the mainland bank vole and the Skomer

vole respectively.

“Among the characters, the 6ne which was felt to give
the best picture of agé changes was the dry weight of the

eye lens. It proved to be the best method for determining

the age of bank voles. Its growth continued throughout
life. Lens weighf attained 50.46% of the maximum recorded,
at the age of 21 days; 61.44% at the age of 72 days; |
91. 96% a£ 12 months; and 95.73% of fhe maximuﬁ weight ét
the age of 15 months (Appendix 44).

_L&boratory data on thg growth of eye lenses can be
applied to wild bank voles. Variation between individuals
in a given age category were very low, ard the dispersion
of individuals around the estimated age was low. Thus,
using the dry weight of the eye lens alone to determine

the age of bank voles will give results of high accuracy.
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Tdble 57. Correlation coefficient, mean of ) oL
coefficient of varlation, and mean age of all the
characters which were used in the present gtudy
to determine the age of the mzinland bank vole:

Character rl r2 r  mean . Vvl mean V2
' agel age?

B. welght 0.99 - 0.74 173.7 12.28 62.1 29.47
HB length 0.91 =~  0.66 178.9 4.0l 100.5 57.10
T 1length 0. 92 - 0.56 " 6.80  82.6 45.41
Z length 0.85 - 0.57 5.53 102.0 85.62
HF length 0.82 = 0.43 "  5.59 0.5 39.30
SK length 0.86 -  0.62 "  2.54 99.4 £9.08
Zyg.breadth 0.84 - 0.62 " 3.00 92.8 33.86
LJ length 0.80 = 0.64 " 5.04 140.3 B37.64
_RMj length - - 0.96 231.1 16.46 215.3 14.29
RMg " - - 0.96 "  13.40 201.4 11.62
Rz " - - 0.95 " 2111 255.7 16.79
Ryt - - 0.96 "  17.61 207.5 14.86
e - - 0.95. "  18.4 226.7 15.72

e v - - 0.95 " 18,41 222.6 15.22

CM; height 0.80 =0.90 -  178.9 11.03 195.5 17.05

CMg " 0.79 -0.90 = " 1076 214.5 17.36
oMz " 0.87 =0.93 - " 9,98 221.0 19.69
ot 0.86 -9.95 = " 12,50 193.3 20.05
cM® o 0.86 -0.93 = " 11,49 252.0 18.51
M3 n 0.85 =0.91 - " 12.29 192.5 23.82
Eye lens W 0.98 - = 0.85 o 5.28 122.0 11.98

~

rl: correlation coefficient up to the age of 35 days.

r2: y from 42 to 540 days.

r : " " for the whole sample, 5 to 540 d.
vl: mean of coefficlent of variation for the age group samples.
vo: " toon SiVe*groups.

mean agel for the age group samples.
" age2 for the size-groups.
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Tgble 587 Correlation coefficient, mean of coefficient of

‘ variation, and mean age of all the characters
which were used fo determine the age of the Skomer
vole: ' : ‘

<l
av)

Character rl r2 r mean 71 mean
. agel agel

B. ‘Veight F Oo 98 - Oo 75 1780 9 ’ 8. 66 8’?u 8 25' 90

B. "N 0.98 - 0.74 " 8,65 9.7 25.27
HB length 0.95. - 071 " 5,61 145.7 29.9
T " 0.96 -  0.60 " 5.38 93.9 32.78
E " 0.00 -  0.52 " 4.25 66.7 30.16
" 0,90 -  0.43 O 2.46 75.6 41.80
SK length - 0.95 - - 0.61 " 1.74 100.4 18.80
Zyg.breadth 0.93 - 0,67 " 2.36 94.8 24.95
L. jaw 1. 0.92 = 0.64 _ " 2.15 111.5 25.17
" Rify 1en§tn - - 0,98 2311 14.69V 232. 2 10.95
"RmMy " - - = 0,98 " 1L.97 259.7 10.07
Rl e o -~ 0.96 " 19.96 25l.8 16.08
rit 0 - - 0,95 " 15.50 223.4 12.41
R " - = 0,97 " 16,35 242.1 14.60
RS> - - 0.9 " 20,04 231.9 16.33
CMy height 0.89 =-0.96 - . 178.9 7.54 225.6 13.30
cMy "  0.88 =0.96 - "o 773 241.1 16.81
cMy; "  0.86 -0.94 - - - "  8.83 206.6 20.19
ot o 0.93 =0.95 - . " 7.60 240.0 20.87
cu o 0.92 -0.94 = " 7.45 240.9 16.53
o> * 0.9l -0.94 - " 773 248.1 18.57
Eye lens W. 0.98 -  0.85 "  3.63 150.4° 8.27

* see table 57 for explanation.
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The leng£h of the molar roots 1s also one offtheJ A
characters. best correlated with age in bank voles. The root
growth curve, which appeared as a straight line, is derived
from points with gfeater scatter‘thaﬁ'the curve for the
dry welght of the eye lens. Variation in the several age
categories wasAhigherf'The lowest (V.being 13.4) was for
RMé in the mainland bank vole, and for Rilg in the-Skbmer
vole (¥=11.97). The highest (¥=21.11) was for RMs in the

mainlend bank vole, and for RM® in the Skomer vole (¥=20.04).

Roots grow continuously throughout life. Growth of
Rify achieved 10.48% of the maximum root length recorded,
at the age of 60 days; 28.63% at the age of. 120 days; 60.08%
at 240 days; 91.94% at 420 days; and 95.56% at the age of
480 days. The same result was obtaiped for the other 5
molars (Appendix 44). | '

The crown height of the molar teeth in Clefhrionong

is highly correlated with age, snd it can be a highly
- rellgble criterion of age'throughout the vole's life, but v
also itvcan be a highly Variablé character as it is affected
by food eaten by voles (seé chapter IV). Tooth wear in
bank voles needs an extensive field.study in order‘to see
the different factors affecting it, such as, the type and
'variety of food eaten, the type of soil the voles live on,
and the seasonal variations which affect the growth and |
| wear of molars. In addition, the hardness of the teeth
should be studied as the hardness of the crowns is one of
the basic factors affecting the Wear of the teéth dufing'

‘the animal's life:and is therefore of considerable impor-

‘tance when the degree of wear of the teeth is used as



a measure of age (Adamezewska-Andrze jwska, 1966).'_This
authoress found that the hardness of dentine is subject to
significant variations in different years and causes diff?‘

erences iIn the rate of wear of the teeth of Sorex aransug,

which in practice'makes if necessary to correct the estimate |

of age on the basis of the wear of the teeth.

Growth curves for root length and cfown heigﬁtﬂof
laboratory-raised voles cannot be applied directly on fiéld
populations, as data on these two Qharacters were found to
differ between the 1abdratory and 'field' samples. The
mean difference was 1l.3+0.1 month for the root length, in
voles 60 days to 7 months old, and 4.3840.37 months for |
the crown height in VOlgs 4 to 7 months old (Tables 53 & 54).

The three skull measurements which were‘stﬁdied here,
were notvvery highly correlated with age, because their
growth slowea_down after the voles attained matufity. Buf
their'growth curvés exhibiﬁllesser dispersion than. any - .

- other measurement. Growth in skull length achieved 86.05%
of the maximum size recorded at the age of 30 days ; 91.78%
at the age of 60 days; 97.23% at 210 days; 100% at the age
of 330 days. Not much difference was found in growth rate
between skull length, zygomatic breadth, and lower jaw
length. The same result was obtaiﬁed by Zimmerman (1972)»‘
for the growth rate of the skull measurements of the thir;

teen-lined ground squirrel (Spermophilusg tridecemlineatus).’

According to Pucek & Lowe (1975), although the skull
in most sméll'mammals continues to grow throughout life,
' its growth tends to be seasonal. Results of the present

study are not in agreement with the last part of their
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statment, as no differences in skull measurements wefe
- found between the 'field' and 1£boratory animals. My
results were in agreement with Lidicker & MacLean (1969),

working on Microtus californicus.

Although skull length is less correlated with age
'(r=0.65), than the two other skﬁll'measurements, its growth
exhibits the lesser scatter. And when the material was
dividedAinto skull-length groups, the distribution of fhe
. voles around each group had the lowest variability. But
its slow growth in adults might make it difficult to det-
ermine the age of adult animals based uﬁon skull lehgth.
Many other authors came to the same'cohclué;on, among them
Adamézewska-Andrzs jewska (1973b) in her work on Apodemus

agrarius.

The growtﬁ in zygomatic breadth-wasufegﬁlar. Its corref'
lation with age was as high as that of the skull length
and the lnwer jaw length in both the mainland bank vole
and the Skdﬁer vole. Its growth curve exh;bits lesser dis-

persion than the lower jaw length.

The grthh curve of the loﬁer Jaw exhibits moré dis-
persion than that of the skull length in the Skomer vole,
and the skull & zygomatic breadth in the mainland benk
vole. When the mate?ial was divided into size-groups, the
dispersion of the vole ages within each size-group‘was
high wheh the lower jaw length was the factor, on the basis’
of which the material was divided. But the lower jaw length
might still be a satisfactory criterion for determining  ,
the age of bank voles, especially when the skull is broken,

as the 1ongest undamaged part of it is often the lower jaw.
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Body weight is a quick and simple guide to apbroximate'
age, often used successfully by many investigators, especia-
1lly with small and short-life span'mammals.'For example,
Michielson (1966), applied it successfully to shrews (Sorex
_ araneus). | |
. Different factors, apart from age, affect'bodvaeight
in mammals, such as diet, health of the animal, seasén, and
scxual status. Thus, body weight muét be tféated withvcau—
tion, 1f it is to be used as an age'indicator.'

Although diet and health were fairly uniform, the
results of the‘present study for body weight of the bank
vole in relation to age were not satisfactory. Variation
between individuals in a given age categorijas high above
the age of 30 days. In spite of the correlation coefficlent
“with agefbeing hig'h, and despite the small difference in
weight between laboratofy and 'field' voles, body weight
data from the former could not be used reliably to age the
latter owing to the uncertainties Laused by a high level
of 1ndividua1 variation.

Brambell & Rowlands (1956) found the body weight to
vary in adult voles, extendlng'between 12¢5 to 32 gm in the
females (excluding preghancies); end to vary a lot in the
males especilally during the Wihter months, {(Rowlands,1936).
 Jewell (1966) depended mainly on the sexual status of each
vole to differen*iate between juvenile, preadult, and adult
animals in a sample of Skomer voles. He then related the
body weight to these categories. But he never depended on
the body weight alohe to divide the material into_thg above

cafegories.
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Some of the linear body measurements are good enough
to be used as age criteria. The head-body length is the.f
most adequate, but it is difficult to measufe in live voles
unless they are anaesthetized. The ear plnna length is also
a satisfactory criterion, but VOles can be assigned, accor-
ding to their'ear pinna length, to wide range age groups
as the ear pinna growth is very slow. A

Tail and hind foot are not reliable age indicators
above the age of 6 weeks for the former and 3 weeks for

the latter. Layne (1950) has.also found that the hind foot

end tail of QOchrotomys nuttalli grew very quickly in early
age. | | 7
| .Adamczewska-Andrze jewska (1975b), was succesrful in

~using tail length to assess the age in Auodemus agrarius.

But the tail of Agodemu is approximately twice the 1ength_

of the tail of Clethrionomys. It needs more time to grow,-
end therefore its growth continues longer.

The same result was foun@ to occur in the Skomer vdle.
The tail of this subspecies is longer than that of the.
mainland bénk vole. It took é 1onger time, 3 months, to
complete its growth, while the tail of the mainlend bank
vole took only 6 weeks to attainedAthe'adult size. This
result might explain the higher correlation coefficient
Qith age for the’téil of the Skomer vole,

If body measuréments-are‘to be used for assessing gge 
in bank voles, attentidn should be concentrated.oh head-

body length and ear pinna length.

In spite of the baculum being used successfully to
determine the age of several mammals, it was of iimited

use for this purpose'in bank voles. The baculum has been
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used as an age indicator for medium size and big mammals,
which have longer life spans, and which attain maturity
vhen they are, at least, one year old.:

The baculum has notrbeen used for,ageing emall mammals
which attain maturity very quickly. Laboratofy bank voles
attain maturity dﬁring and soonrafterAthe‘seventh week of
their llfe, and the baculum reaches the adult size by then.
Iherefore it is not useful to use the baculum as an ége

indicator above the age of seven weeks.

‘Epiphyéeal fusion can be studied on Toth dead'énd<
live animals. Alizarin stained specimens may be examined
in the former, and radiography used on the 1atter. By
studying several 0851ficat10n sress in the fore and hind
\ limbs, one can estimate the'approximate agefof the bank
vole up to 14 months of age (Pigs. 43 & 44). |

Epiphyseal fusion is not affected by field condltions,
'and results obtained in the present study can be applied
on field populationé. Watson & Tyndale—Biscoe'(1953)'also
found that the conditions pf’Captivity_did not éffect the

bone development of Oryctolagys cuniculus.

Succession of moult has recently been used as an age
indicator, mainly in small mammals, and can be used'as
a guide to age, theredfter moulting appears to be some—

what haphazard and not related to age.
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There are several published works which adopfed blo=
chemical methods to determine the age of different small
mammals. Biochemical changes in the eye 1ene have been
used recently for this purpose. For example, Dische et al
(1956), in their work on the eye lenses of laboratory rats,
found that the relative amounts of watef soluble and in-
soluble proteing changed with age. Thege . changes result
from the oxidatlon of cysteine in the Loluble proteln 1nto
cystine in thexnsohﬂﬂe protein. _ '

Dapson et al (1968) used a colorimetric procedure to
snalyze the protein‘contenfs of eye lenses of white mice,
and suggested thet tﬁe technique looked promissing for
determining the age of small mammals. - -

‘Later work on 1abdratory~reared 0old~-field mice, Pero-

" myscus polionotus, (Dapson & Irland, 1972) demonstrated

V'the value of‘the insoluble fraction of protein which they:
found to vary curvilinearly with age to at least 750 days.
They reaected the use of the soluble fractlon for agelng
as it was an unrellable 1ndlcator of age. .

Although this method proved to be a useful way to

determine the age of mammals, for instance, in Peromyscue

polionotus, the 95% confidence limits about a predicted

age of 1CO days were 96 to 107 days for a mean‘predicfion, |
it should'be remembered that this method requires compli- '
cated apparatus and snalyses (Otero & Dapson, 1972), which
are not practicaliin field studies. -

The biochemical analysis of e&e lenses was'investi-
gated in the present study, using white mice. The technique
- was found to take a disproportionate amount of time, and
because the sample of bank voles was limited, and their

‘eye lenses were used for another purpose, the technique
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was not investigated furtiher.

Tedyk (1974c), in her work on the bznk vole in Poland,
found a significant correlstion between age and the total
water and total protein content in the body. The correlation
for the 1atter_was affected by the season when the woles
were born. She added that water contents could be used to
determinéq%he age of bank voles until 3 months.

This method is no better than any other used to age

bank wvoles.

The differences between the body size of the mainland
5ank vole and the Skomer vole, with the latter being bigger,
have long been known, (Barrett-Hamilton & Hintoh, 1910-21;
Matthew, 1952; Steven, 1953; Fullagar et sl, 1963; and
Jewell, 1965). B | o

The skﬁll of the Skomer vole is bigger than'thét of
the'mainlénd.bank vole. But the differenceis statistically
not significant except for the 1owerkjaw length (t64=1.32,
-P>0.1,for the skull length; t64=1.74%, P)b. 05, for the
zygomatic breadth; and t64=2.53, P<0.02, for the lower jaw
length) ‘ |

Molar roots developed similariy in the two subspecies.
They continued to grow throughout life with almost the same

average monthly increase. Differences did not occur between
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root length in the corresponding ages in the two subspecieé.

The molar crovms are bigger in Skomer voles. This is
probably due to the jaws being bigger iﬁ this subspecies.
Tooth crowns wbre»at:the same rate in both races.‘However,
because molar crovns of the Skomer vole are bigger, diffe-

- rences occurred bétween the crown height of the corres—
ponding ages of the two'races..These differences were. sta-
tistically not sigﬁificant except for Cid (t64=1.56, Pﬁ>0.1,
for Ciy; t64=1.59, P>0.1, for Glly; t60=1.96, P> 0,05, for
CMg; $64=1.53, P>0.1, for CU'; t64=1.95, P>0.05, for Cifl;
and t60=3,59, P<0.001, for Ci°).

-Epiphyses fused earlier in thé mainland bank vole.
This is possibly due to the latter being smaller in size
. and mofe active as a résult of competition with other
small mammals. This result'ﬁight‘in addition demonstfate
a possible lecnger life span for the Island vole as it

needs longer time to grow.

The étalk of the baculum in the Skomer vole is longer,
- which 1s a refleztion of a bigger body and skeleton. Digi-
tal procésses of the baéulum ossified at the same timé in
both raéeé, which means thét théy reach maturity at the

same time;-

No differenceé existed between fhe dry weight of ﬁhe
eye lenses éf the two sﬁbspecies, (t64=0.05; P>0.9).
The lack of theséldifferences -1s a further evidence to
pfove-that the dfy weight of the eye lenses‘is not'corre-
‘lated with body size and weight. |

No differences occurred in the moult in the two races.
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Growth in fhe Skomer vole was more regular than in the
mainland bank vole. Data for each character exhibited lesser
dispersion. This result cénfirms the belief that the Skomer
vole was derived from ordinary mainland stock, introduced
to the island by man (Corbet, 1961)._The driginal stock was
presumably composed of small numbers of the ordinary main-
land bank vole, which after continuous inbreeding, gave rise
to the Skomer vole population which is less genotypically
variéble, as 1t originated from only few voles with fixed
genotype. Therefore growth can be expected to be regular,
" as heredity plays an important part in the growth aﬁd'

formation of animals.

Application of ageing technigues_to field studies:

The problem which faces the'investigator is how td}
apply ageing data derived from 1aboratory—raised voles on
wild animals, since these data were obtained from volés
kept under ideal laboratory conditions, ani therefore take

no account of seasonal changes.

It is important to lmow the biology of the mammal -
under investigatioh, and its breeding season in particular.
This is helpful in determinihg the probable date of birth,‘*
and the longevity of the mammal.

The breeding season of the British msinland bank Yble.
is known, from the studies of Baker (1930); Bramﬁell &:Row—
lands (1936); Rowlands (1936); and Smyth (1966), and of the
Skomer vole, from studies made by Jewell (1965 & 1966); and
Coutts & Rowlands (1969). All agreed that the breeding
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‘season of the mainland bank vole, extends between March and
October inclusive,_and 1f food is available, 1t extends up
to December (Smyth, 1966). The breeding season in the

~ Skomer vole extendé, between April andASeptember, and they
do not breed during winter (Jewell, 1965). The situation
on the continent of Europe is similar to that of the Bri-

tish bank vole (Zejda, 1962 & Gliwicz et al, 1968).

Gliwicz et al (loc.cit.) studied the dynamics of co-.

horts of an Island population of Clethrionomys glareolus

in Poland using the CMR method (Catch-Mark-Release). They
found 5 cohorts to oceur during the whole year (Fig. 55)'
One of them was the overwintered (Ko), oae was the snrlng
(Kl), 2 were the summer (K2 & K3), and one was the autumn-
“born generation (K4). Since the breedlng habits in C. |
| glareolus are similar in both Britain and the continent

of Europe (Jewell, 1965), the division made by Gliwicz gg"
al can be applied to British banh voles.

According to them, Ko comprised voles not less thaﬁ
6 months old. Kl'comprised voles bbrn between 23 April to
26 May (mean 5 May). X2 comprised voles bofnrbetween 27
:May to 10 July (ﬁean 19 Jﬁne). K3 comprised voles born bet-
ween 11 July to 28 August (msan 2 August), and X4 comprised
voles born from 29 Augﬁst to 1 October (mean 10 September).,

The question which now faces the investigatof is hbw
to estimate the age of voles belonging to any of the sbove
cohorts, caught at any time during the year°

If we have a sample of 50 voles caught during, for
instance, October. How are we going to assign them to their

right‘cohorts ?
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Fig. 53. Dynvamiés of different cohortzs of Clethrio-~
nomys glaréolus in Rland. (redrawn from
Gliwicz et al , 1968).
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If a vole is caught at any .time during the year, what

are the probable ageing techniques which can be used to

éstimate its age ?

The degree of accuracy for estimating the age of these
bank voles, depends mainly upon the ageing method used.
Ageing methods can be applied to both, a sample or any
single individual. Befofe applying any methcd to eétimate
the age of the individual, the vole should be classified
under one of two catégories according to the method'which

can be used. These are live voles, and dead ones.

A summary for the maximum age, at which various cri-
teria taken on live and dead voles cease to be reliable,A
is presented in Figs._54v& 55 (measurementé given are not
\‘maxima, but,merely-indicate measurement beyond which, that

method is no longer usefui).

I. Live voles:

1. Body weight: .

The body weight is not reliable as age indicator above
14 gm in the mainlend bank vole and sbove 18 gm in the
Skomer voie, corresponding to a maximum age ofvone month.-'
‘Therefore the body weight alone cannot bé used for ageing

bank voles above the stated weight.

2. Body measuréments:

‘Body measurementé may be used as an age criterion on
' 1live bank voles. The tail and hind foot lengths have earlier
ﬁeen éxcluded for use as age criteria since they completed
their growfh in early age. Eér pinna length divideé_voles

into wide age-related categorles above the age of 2 monthg
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The results Weré still overlappiné in few of‘these cate-
gories. The head-body lengfh is a more reliable age index
than any other body measurement. But 1t ig less réliabie

in édult voles than'yoﬁnger voles (above a head-body length
of 86 mm in the mainland bank vole and above S0 mm in the_

Skomer vole).

3. TMusion of epiphyses: _
The most reliable ageing method which can be used on

live bank voles is studying the fusion of their epiphyses.

Tﬁe X-ray method can be used aé it gave successful
results when used with small rodents (Tarasov, 1986). Fu-
sion of epiphyses’is not affected by seaspnal variations
and therefore data from laboratory populatibns can be
applied successfully on field animals (Figs 43 & 44).

Since the fusion of epiphyses is not correlated with
seasonal variations, Gliwicz gt al cohorts were hot dis-

cusged under this_topic.

4, Moulting: ,
Moulting can give more satisfactory data on dead voles
which involves the pattern of the coloured areas on the

inside of the skin (Figs 48, 49, & 50).

II. Dead voles:

In dead voles, the prbblem of ageing becomes easier,

as more relisble methods can be used.

1. Dry weight of the eye'lens: 
This is the easiest 'and most accurate method. The

weight of the eye lens is not affected by seasonal varia—
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_ tions, sexual maturity, date of birth, or body weight
(chapters .II/ 7. & IV). The eye lens growth is a reflection
of increasing age and can be successfully applied to voles

caught during any time of the year (Teblcs 48 & 49).

2. Molar root development: | |
Another highly reliable age criterion which can be
applied fo dead voles only, is holar root length. The onset
of root development was at 35 to 42 days. A vole csught at

any time of the year with its molars having a root (neck)
would be 1ess than 38.5+3.5 days oid. Voles with réoted
molars would be older than this . | | ’
~The growth of roots has been recorded by many authors..
But Lowe (1971) and Viitala (1971) menfioned ﬁhe occurence

of seasonal variation in root growth of C.g.britannicus

and C. rufocanusg respectively. It ranged between 0.05 to
0.55 mm / month in the former; and 0.16 to 0.29 mm for
males, 0.39 mm for females in the 1atter.‘ '

In the present stﬁdy, and since the bénk voles were
kept under laboratory cond;tioﬁs, the growtﬁ waslregular;
This result was supported by HMazak (1963) on laboratory

population. The growth under laboratory conditions was
somevwhat, slower than in field animals, but the differenoér
Qés not big (a mean of 1.310.1 month between the ages 60
to 210 days). If this difference is added to the estimafed
age, the result would be reliable with high éccuracy. But
there are still the posgible seasohal influenqes.which

should be taken into account when working on fieid animals.

| When root development is considered in relation to

the Gliwicz et al cohorts, the molar teeth of voles
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belonging to the autumn cohort (K4) are expected 0 develop
root (neck) at the end of October or beginning of Noveﬁben
depending upon the birth date of the vole. The molar roots
of these voles (RMl) grow slowly during Winter according -
to Lowe (1971) and Viitala (1971). (The lowest.rate was
recorded by Lowe to be 0.05 to 0.11 mm / month for Riy,
and by Viitala to be 0.16 mm / month for Rily during winter
nonths). The grewth then increases during the next spring
and continues with a higher spring-summer rate. From
Lowe's findings, autumm bank VOlee'would have RIf; length
(excluding the neck), of up to 0.1 mm at the end of Harch
(when they are 5 months old). Five months old mainland
bank voles in the present study have Ril; mean length of
0.93 nm (including fhe‘neck) |

The overwintered animals (Ko), if caught in spring
-would have longer root length depending on the date of
birth. According to Lowe, those born in spring of the last
year wouid have a root length of 1.77 mm for males and
1.66 mm for femalesv(excluding the neck). The rootllengtn
of 12 montns old 1eboratory-raieed mainlend bank vole was
2.17 mm (including the neck), which is similar to the root
length of Lowe's materiel.‘ The seasonal influences were
not obvions in Lowe's voles because I think the slow growth
during winter has been compensated for, during spring and
summer and therefore, the molar roots of one year old voles
in both samples have grown the same amount during that

year.-

3. Molarlcrown height:
The molar crown height is another relisble age criter-—
ion, but results derived from laboratory-raised voles



-cannot be directly applied to field animals, because as
it has'been mentioned, tooth weer is highly affected by
food eaten by voles (chapter IV) |
A difference of 4. 3840, 37 months 1n age was found

between laboratory-~raised and 'field' voles between the
ages 4 to 7 months.

| An extensive study is needed to determine factors
affecting tooth wear before applying laboratory data to
field animals. o

4, Baculum;

The baculum is a reliable age indicetor until sexual
maturity. MaturityAtook place during the seventh week of
life under laboratory conditions. While it differs in the
field. Artimo (1964) mentioned it to take place between
1.5 to 10 months in Finland. Since most of the voles'Which
born in spring join the breeding adults and themselves

contribute offspring to the late summer expansion of the

population (Jewell, 1965), and since the ossification of .

the baculum is related to sexual maturity and not to age,
‘the baculum 1is no longer useful as an age index in field
animals. It can be used-to-differentiate sexually mature
“and immature voles. Any male vole with oesified digital
processes would be more than 6 weeks old and considered

as sexually mature.

Following Gliwicz et al (1968), bacula of ﬁale VOles‘
belonging to K4 cohort (autumn generation), would have
unossified digital processes as. they were born at the end’
" of the breeding season (mean 10 September), snd would not

join the breeding voles. Thus, the baculum of a vole with:

294
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‘a non-osgified digital processes caught during the'wiﬁter -
months would indicate a September or October birth.

Volés belong to K1 cohort (bofn between 23 April to .
26 May), would have a baculum with ossified digital proce-
gsgseg durling the seventh Wéek of life, as theijoin the '
breeding adults (Xo & K4) by then. |

The other 2 summer cohortsr(Ké & K3) would have osgi-
fied digitalAprocesses during their second month of 1ife,
Ko voles (the overwintered), have already had ossified
digital processes, since they passed through the breeding_

season.
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Con¢1usion-

Ffom the preceeding text, it is clear that‘accdracy'.
for agelng is connected with thé growth and developmental
changes of every character used. If the growth is rapid
in early age, the accﬁracy tends to be low among adults,
since the growth of the'orgén has been ccmpleted very
early, as, for example happened with the hind fobt and>
tail in bank voles. |

If the ageing charactér'changes continuously through—
out life (é.g. eye lens weight and molar root length),

accurate ageing of older animals is easier.

Further studiesAafe needed to determine factors other'
than age which might affect age criteria, such as, phys-

iological, ecological, and genetic factors..

Although information on growth rates of known- age
bank voles released in enclosures, showed close agreement
with the laboratory data in the present study, extensive
field studies on known age animals released in natural -

hebitats are still needed,
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Appendix 1. Numesrical data for the 1ncrease in body Welght
of the mainland bank vole:

Age/ Sample Range MeantS. E, s.D. V. o5%c. 1.
days gize - '
0 9 1.50- 1.85 1.64+0.03 0.10 6. 09 1.56- 1.72
5 14 3.20- 4.60 3.60£0.02 0,33 9.16 3.41-"'3.79
7 18 4.00- 5.40 4,4030,72 0,31 7.04 4,24~ 4,56
10 3l 5.00- 7.60 5.74+0.13 0.70 12.16 5,48- 6.00
14 14 5.50- 8,70 6.80+0.19 0.70 10.29 6.40- 7.20
17 21 7.10-12.80 " 9.00+0.26 1.20 13.30 8.45~ 9.55
21 22 8.00-13.00 10.68+0.29 1.34 12.54 10 08-11.28
24 13 9.90~-14.30 11.24+0.36 1.30 11.56 10.45-12.03
30 22 10.30-16.75 13.90+0.44 2.05 14,74 15.00—14.80
35 13 13.00-18.50 15.70+0.43 1.56 9.90 14.76-=16.64
42 15 14.00-22.00 16.46+0.56 2.16 13.12 15.27-17.65
49 10 13.00-19.50 16.50+0.61 1.90 11.50 15.12-17.88
60 2l 13.55-23.90 17.20+£0.72 3.30 12.18 15.70-18.70
72 4 19.00-22.00 20.20+0.54 1.08 5.32 18.57-22.03
80 9 14.20-21.20 17.73+0.79 2.37 13.36°  15.93-19.53
90 7 15.16-21.40 18.14+0.76 2.00 11l.02 16.28-20.00 °
100 5 14.10-29.10 20.16+2.20 4.90 24.30 14.04-26.28
120 6 17.70-26.15 20.50%1.09 2.67 13.02 17.70-23.30
135 4 16.40-22.60 '18.99+1.23 2.45 12.90 15.09-22.89
150 - 6 15.60-22.00 19.58+1.06 2.60 13.29 16.82-22.30
165 6 16.65-27.60 21.50+1.38 3.40 15.80 17.92-25.08
180 12 14.20-22.70 18.80+0.72 2.50 13.29 17.20-20.40
210 13 19.00-35.80 24.80+1.55 5.58 22.50 12.45-30.15
240 8 18,00-23.40 20.50+0.66 1.87 9.12 13.93-22.07
270 11 18.50-34.00 24.40+1.65 5.45 22.40 20.72-28.08
300 4 921.00-27.30 ©24.98:l.256 2.50 10.00 20.98-28.98
330 6 922.70-35.90 26.40+1.95 4.79 18.14 21.37-31.43
360 6 921.90-71.60 25.74+1.24 3.05 11.85 22.54-28.94
420 2 9]1,%0-28.25 24.72+1.60 2.80 11.32 17.67-31.77
450 3 26.00-29.90 27.57+0.97 1.68 6.08 23.39-31.75
480 4 20.50-26.60 22.73+1.17 2.34 10.29 .19.03-26.43
510 3 25.00-27.90 26.03+0.75 1.30 4.99 22.75-29.31
540 3 19.50-24.20 21.98+1.20 2.10 9.55 16.75-27.21
S.D.: standard deviation
S.E.: standard error

05% c.l.: 95%

confidence liﬁits

318 a



Appendlx 2. Numerlcal data for the increase in bodJ weight

of the ;emale Skomer VOle

Range/

Age/  Sample Mean+S. E. S.D. V.
days size gm. : . ‘
5 6 4.30~- 5.20 4.71+0.13 0.31 6.58
7 3 4.85- 5,90 5.44+0. 31 "0.54 9.90
10 5 6.40~ 7,90 6.88+0. 27 0.860 8,70
14 5 8.20-~ 9.50 8.94+0.25 0. 56 6. 26
17 6 9.,20-12. 00 10.82+0.40 0. 99 0 9.15
21 .2 12.20~-15.10 13.65+1.,45 2. 05 15.00
24 2 14.80-18.00 16.40+1.60 2. 26 13.78
30 4 16,35-18.70 17.59+0.65 1.29 7.33
35 4 17.10-22.00 19.62+1.01 2.02 10.29
42 2 19.00~20.15 19.58+0.57 0.81 4,14
4.9 2 19.72-21. 00 20. 36+0.64 0.91 4.47
60 5 18.60-23.10 21.12+0.84 1.89 8.95
72 1 20. 80gn 20.80t = - -
80 2 20.30~21.70 21. 00+0,70 0. 99 4.70
90 3 - 18.00-19.10 18.53+0. 32 0. 55 2. 97
100 1 18.15gm 18.15+ - - -
120 2 21.50-22.70 22.10+0.60 0.85 3.85
135 3 19.50-24.45 22.48+1.52 - 2.63 11.70
150 2 19,70-20, 60 20.15+0.45 0. 64 3.18
165 3 19.50-27.40 23.03+2.32 4. 02 17,45
180 1 19.8gm 19.80+ - . - -
210 2 21.50-29. 95 20, 7T3+4.23 5.98 23. 24
240 2 21.94-22. 00 21.97+£0.03 0.04 0.18
270 2 21.50—21.50 21.50+ -~ - _ -
300 4 20.50-30. 30 24.48+2.13 4,25 - 17. 36
330 2 25.20-29. 50 27.35+42.15 3. 04 11.12
360 3 22.35~-28.10 24.72+1.74 3.01 12.18
390 2 21.60-24,80 23.20+1.60 2. 26 9,74
420 2 23.20-25,70 24.45£1.25 1.77 7,24
450 1 30. 30gm 30.30+ - - - -
480 2 26.10-29.70 - 27.90+1.80 2.55 9.14
510 2 26, 00-27.50 26.75+0.75 1.06 3. 96
540 1l 27.00gm 27.00+ - - - -
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Appendix 3. Numerlcal data for the increase in the body
weight of male Skomer vole:

Age/  Sample Range/ MeanzS. E. s.D. v.
days size M. .
8 3 4,32~ 4.88 4,53+0,.17 - 0,30 6.60"
7 5 5.11- 6.00 5.44+0.16 0.35 6.40
10 3 6.12- 6.80 6.52+0.21 - 0. 36 5,50
14 2 . 8,30~ 9,20 8.75+0.45 0.64 7.30
17 3 9.70-11.50 10.47+0.53 0.93 - 8.88
21 2 12.50-15.40 12,9540, 45 0.64 4,95
24 2 14.20-14.75 14,4540, 25 0. 35 2. 42
30 4 16.20-19,.70 18.33+0.78 1.55 8.46
35 3 19.20-21. 00 20.37+0. 58 1.01 4,96
42 2 22.80-22. 90 22.85+0. 05 0. 07 0.30
49 2 23.00~83,85 23,43+0.42 0.60 2.66
60 6 19,4027, 95 23.96+1.52 3.72 15.50
72 2 23.20~-25. 30 24.60+0.70 0. 99 4,02
80 3 20.80-28. 00 24.83+2.12 3. 68 14.82
90 2 27.60~-29.65 28.63+1. 03 1.45 5.06
100 5 20.50-31.50 25.66+2. 05 4.59 17.89
120 2 - 23.60-26. 00 24.80+1. 20 1.70 6.85
135 2 21.60-22.00 21.80+0.20 0. 28 1.28
150 3 23.80-28.50 . 28.00+1.36 236 9.08
165 -2 22.20-27.10 24.65+2.45 3.46 14.04
180 3 27.70-34, 00 30.50+1.85 3.21 10.52
210 4 25.40-32, 30" 29.53+1.49 © 2.98 10.09
240 3 28.80-33.50 31.63+1.44 2.49 - 7,87
270 3 26.20-31.10 27.93+1.59 2,75 9.85
300 3 25.70-31.60 28.13+1.78 - 3.08 10.95
330 3 26.10-33. 20 29.80+2. 06 3.56 11.95 -
360 2 31.00-36.40 33,70£2.70 3.82 11. 34
390 3 28.50-33, 80 30.40+£1.70 295 . 9,70
420 2 - 27.10-36.40 3l.75+4.65 6.58 ©20.72
450 3 25.,60-35.20 31.60+3.02 5.23 16.55
480 -2 32.60-35,70 34.15+1.55 2.19 . 6.41
510 3 29.50-31.00 30,4040, 46 0.79 . 2.60
3 30.90-3"7. 90 3.92 10.17

540

34.6012.03 .
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Appendlx 4. Numerical data for the increase in head—body
length of the mainland bank vole:

97767il.20

2. 08

Age/ Sample Range/ MeantS. E. s.D. V. Range/mm ,
days size mm. : 900 c.1l.
S5 4 43— 47 45,0040, 91 1.83 4,07 42.10- 47.90
7 4 47~ 54 49,75+1.55 3. 10 6.23 44,82~ 54,68
10 4 55~ 60 57.5011. 04 2.08 3.62 54,19~ 60.81
14 4 55=- 65 61.75+2. 36 4,72 7. 64 54, 24— (69.26
17 4 -66=- 73 68.2011.65 3. 30 4.84 63,00~ 73,50
21 6 70~ 76 73,6740, 99 2.42 3. 28 71.12- 76.22
24 5) 70- 80 74.,80+1.62 5.63 4,85 70.30- 79.30
30 8 71- 81  77.00+1.41 4,00 5.15 73.67- 80.33
35 5 78~ 85 8l.20+1. 31 3.11 383 77,34~ 85,006
42 6 75~ 88 82.50+1.84 4,51 5,47 T7.77- 87,23
49 10 82- 91 87.80+0.99 3.12 3. 55 85.56- 90. O«
60 17 73- 95 87.12+1.19 4,90 5.62 84.60-~39. 64
732 7 80- 94 87.57+1.61 4,28 4,89 83.63~ 91.51
80 10 86—~ 95 90.80+0.93 2.94 3. 24 88.70- 92.90
90 6 87~ 9% 90.17+1.19 2. 93 3. 20 87.11- 93.23.
100 8 85—~ 96 20.31+1.17 3.31 3.67 87.54~- 93,08
120 8 85~ 99 93.13+1.59 4,49 4,82 - 89.37- 96.89
135 b>) 86—~ 95  91.20%1l.82 4,09 4.48 86.15- 96.25 -
150 5 87~ 97 93.20+1.85 4,15 - 4.45 88.06~ 98, 34
*165 5 92~ 98 95.00£1.00 2.24 2. 36 92.22- 97.73
180 12 88-100 93.00+1.07 - 3.72 4. 00 90.64~ 95. 36
210 12 88-103- 95.83+1l.44 4,97 5.15 92.66- 99.00
240 8 . 92-100 95.,13+0, 97 2.75 2. 89 92.84~- 97.423
270 11 90-109 97.82+1.43 4,73 4,84 92. 98-102. 66
300 4 g7-102 08.25+1.25 2.50 2. 54 94.27-102.23
330 7 . 96-106 08.43+1.38 B¢ 64 3.69 95, 05-101. 81
- 360 6 03-102 97.00+1.57 3,85 3.97 92.96-101.04
390 4 97-100 98.00+0. 71 1.41 1.44 95.,'75-100. 25
420 3 93-103 99.60+3.33 5,77 5.79 85.27-113.93
450 4 96-102 99.25+2.75 2.73 2.77 94.86~103.64
480 5 96-102 98.40+1.12 2.51 2055 95,29~-101.51
510 3 100-102 101.33+0.67 1.15 1l.13 98.45-104.21
540 3 96-100 - 2.13

82.51-102.83




Appcndix 5. Numerical data for the increase in tail length-
of the mainland bank .vole:

Age/ Sample Range/  Mean+S.E. s.D. V. Range/hm ,
days size M. : ' : 955 c. 1.
5 8 10-13 10.96+0.44  1.24 11.31 9.92~-12.00
7 9 13-15 14.17+0.20 0.6l 4,30 © 13.71-14.63
10 16 15-24  17.,97+0.60 2.38 13,24 16.69-19.25
14 8 19-26 22.15+0. 93 2.63 11.87 19.65-24, 35
17 13 24-39 27.58+0.78 2.83 10.26 25.88~29.28
21 9 26-36 32.17+1.18 3.54 11.00 29.45-534., 89
24 5 - 34~38 35,60+0.75 1.67 4,69 33.52-37,68
30 8 31-39 35.63%1. 06 2. 99 8. 39 33.12~-38.14
35 8 36-41 37.63+0.63 1.77 4,70 36.14-39.12
42 10 35-42 38, 90+0.77 2.42 6.22 37.16-40, 64
49 10 40-47 43, 10+0.71 2,23 5.17 41.49-44.71
60 22 34-4.9 40,55£0.78 3.66 9.03 38, 94~-42, 17
72 7 39-48 42.00+£1. 20 3.16 7.52 = 39.06-44.G4
80 14 36-46 41.50+0.72 2.638 6.46 39.94-43,C6
20 8 37-45 41.00+0.96 2.73 6.66 38, 73-43, 27
100 8 33=-49 43.38+1.19 3.38 7T.79  40.56-~46.19
120 7 42-51 45,29+1.25 3. 30 7.29 | 42.23-48.35
135 9 38-46 43.00+0. 87 2.60 6., 05 40.99-45.01
150 5 41-45 43, 00+0. 23 1,68 . 3,67 41,03-44,97
65 S 42-47 43, 90+0. 81 1.82 4,15 41.65-46.15
180 12 39-48 43.25+0.81 2.80 6.47 41.47-45.03
210 14 40-49 43,93+0.68 2.56 5.83 42,46-45.40
240 3 38=-54 46,19+1.55 4,37 - 9.46 42.52-49, 86
270 10 40-47. 43,85+0.64 2,03 4,63 42.40-45,.30
300 4 41-47 43,50+1. 26 2.52 5.79 39,49-47,51
330 8 . 483-49  45,.38%0.75 2.13 4,69 43.61-47.15
360 6 41-50 45,00%1. 32 3. 22 7.16 £1.61-48.39
390 5 41-45 . 44,20£0.80 1.79 4,05 41,98-46.42
420 3 42-47 44,33+1.45 2.52 5.68 38.09-50., 57
450 4 43=45 43,75+0.48 0. 96 2.19 42.22-45,28
480 4 44-48 45.75+0. 85 1.71 3e T4 £3,06-48.45
510 3 40~-45 43,33+1.67 2. 89 6.67 36.14~-50, 52
540 2 40-45 42.50+2.50 3. 54 8.35 ¥

%

because the sample size was very smal],

The 950 confidence limits were not attached to the mean
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Appendlx 6. Numerical data for the 1ncrease in the ear
pinna length of the mainlsand bank vole:

Age/ Sample Range/ Mean+S. E. S.D. V. Range/mm ,
days size mm. - 05% Cole
5 4 2.8~ 3.8 3+ 15+0.22 0.44 13.97 2.45~ 3.85
7 6 3.0~3., 8 3.33+0.13 0.32 9.61 3. C0=- 3.66
10 8 4.5~ 6.0 5,20+0. 16 0. 44 38.46 4,.82- 5.58
17 6 8.0-10.3 9.07+0, 43 1.05 11.68 7Te96-10.18
21 6 10.0-11.0 10.604+0.19 0, 47 4,43 10.11-11.09
24 5 9.5-11.0 10,5040, 32 0.71 6.76 - 9.61-11.39
30 8 9.3-12.2 10.90+0. 35 1. 00 9.17 10.07-11.73
35 5 10.0-11.0 10.74+0, 31 C.70 6.52 9.88~11.60
42 6 10.0-12.3  11.07+0.33 0.80  7.23 10.22-11.92
4.9 10 11.0-12.0 11.6240.12 0. 36 3.10 11.35-11.89
60 16 10, 0-12.9 11.37+0.18 0.74 6.51 10.99~11.75
72 7 11.0-12.0 11.464+0.16 0.42 3.66 11.07-11.85
80 10 11.0-12.1 11.46+0.16 0.51 4,45 11.,10-11.82
90 6 11.4-13.0 12.10+0. 21 0.52 4,30 1l.56-12.64
100 8 11.0-12.5 11.7140.19 0.52 4,44 11.26~12.16
120 8 11.0-13.0 12.19+0,23 0.65 5.33 1l.64-12.74
1356 5 12.0-14.0 12.60+0. 36 0.80 6.35 1ll.60~13.60
150 5 11.6-12.5 12.12+0.17 0, 38 3.14 11.65-12.59
165 5 12.0-12.5 12.16+0.09 0. 20 l1.64 11.93-12.43
180 8 12,1-13.2  12.66+0.15 0.43 3,40 12.30-13.02
210 11 11.0-14.0 12.33+0, 24 0.81 6.57 1l0.52-14.14
240 7 11.5-13.8 12.83+0. 31 0.81 6.3l 12.07-13.59
270 11 11.0-13.0 12.41+0. 20 0.66 5.32 11.96-12.86"
300 4 12.1213.0 12.75+0. 25 0.50 3.92 11.95-13.5656
330 6 12.3-13.5 12.97+0.16 0. 38 2.97 12.56-13.38
360 6 12.2-13.0 12.72+0. 14 0. 34 2.67 12.36-13.08
390 4 12.0-13.7 13, 03+0. 38 0.76 5.83 11.82-14.%4
420 . B 13.0-13.5 13.20+0.15 0.26 1.97 12.55-13.85
450 4 12.5-13.8 13.13+0, 27 0. b4 4,11 12.27-13.99
480 5 12, 2-13.3 13.00+0, 21 0.46 ~3.54 12.42-13.58
510 3 12.8-13.6 13.23+0.23 0.40 3.02 12.24-14.22
540 3. 12,.5-13.0 0.29 2686 -

12.83+0. 17
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Appendix 7. Numerical date for the increase in

length of the mainland bank vole:

the hind foot

Mean+S. E.

16.0-16.2

16. 0740, 07

0.12

324

Age/ Sample Range/ S.D.- V. Range/mm s
days sige mm. 95% c. 1.
5 7 7.2=- 9.0 8.00+0. 24 0.63 7.88 7.41- 8.59
7 8 9,0-11.0 9.98+0.21 0. 60 6.0l ©.48-10.48
10 l6 11.0-14.0 11.72+0. 26 1.03 8.74 11.24-12.34
14 8 13.0-15.0 13.81+0.31 0.83 6.37 13,08-14.54
17 1l 14.0-16.5 14.7740.26 0. 86 5.82 14.19-15.35
21 9 15.0-17.0 15.92+0.23 0.70 4.40 15,39-16.45
24 5 15.6-17.0 16.32+0.89 0.64 3.92 15.51-17.13
30 8 15.0-17.0 16.19+0.28 0.78 4.82 15.53-16.85
35 5 15.5=-17.0 - 16.42+0.26 0.58 3.53 15.70-17.14
42 6 15.0-17.0 16.55+0.32 © 0.78 4,71 15.73-17.87
49 10 16.3-18.0 17.13+0.19 0.61 3.97 16.70-17.56
60 17 15.5=17.5 16.544+0.14 0. 58 351 16.24~16.84
72 7 16.0~17.0 16.51+0.15 0. 39 2.36 16,14-16.88
80 10 15.5-17.0 16.23+0.15 0.48 2.96 15.89-16.57
, 90 6 15.5-17.4 . 16.43+0.29 0.72 4,38 15.68-17.18
100 8 16.0~17.3 16.68+0.17 0.47 2.82 16.28-17.08
120 8 16.0-17.5 16.,73+0.18 0.51 3.05- 16,30-17.16
135 5 16.0-17.0 16.66+0.21 0.48 2.88 16,08-17.24
150 5 16.0-17.0 16.48+C. 22 0.50 3.03 15,87-17.09
. 165 4 16.2-17.4 16.90:0.25 0.50 2.96 16.10-17.70
180 8 16.28-17.4 16.80+0. 14 0.40 2,38 16.47-17.13
210 10. 16.0-18.0 16.77+0.21  0.68 4.05 16.30=~17.24
270 11 16.0-17.8 16.66+0.16 0. 54 3. 2’l 16.30-17.02
300 4 16.5-17.0 16.63+0413 0.25 1.50 16.22-17.04
330 7 16.5-18.0 17.01+0.21 0.56 3,29 16.50-17.52
360 6 16.2-17.0 16.55+C. 12 0.29 1.75 16.24-~16.86
420 - 3 16.0-17.3 16.70+0. 38 0.66 3.95 15.07-18.33
450 4 16,3-17.0 16.60+0.15 0.29 1.75 16.12-17.08
480 5 16.0-17.1 .- 16.76+0.20 0.45 2.68 16.20-17,32
510 3 1l6.8-17.2 16.93+0.13 0.23 1.36 16.37-17.49
540 3 0.75



Appcndlx 8. Numemcal data for the increase in head-body
length of the Skomer vole:

S.D.

108.25+1.70

102.84-113.66

Age/ Sample Range/ Mean+S.E. V. Range/mm ,
days size  mm. 95% c.l.

5 2 47- 50 48.50+1. b0 2.12 4,37 * .

7 4 50- 52  51.004+0.41  0.82 1l.61 49.70- 52,30
10 3 57- 58 57.67+0., 33 0. 538 1l.01 56,27~ 59,07
14 4 64- 67 6b5. 00+0. 71 1.41 2.17 62.74- 67.26

4 4 67- 70 63.88+0. 52 1.03 1.50 67.23- 70.53
21 4 73~ 79 67.75+1. 32 2.63 3,43 72,55~ 80,95
24 4 75~ 85 . 80.25+2.08 4,11 5.12 73.70- 85.80
30 9 71- 83 82.44+1.86 5.59 6.76 . 78.14-856."74
35 8 83—~ 89 86.75+0.65 - 1.83 2.11 85.21- 88.29
4.2 4 87- 95 91.00+1.64 3.27 3.59 85.73- 96.22
49 4 91- 98 95.25+1.70 3.40 3.57 89.84-100.66
60 13 85~ 99 94.23+1. 09 3. 95 4,20 91.85- 96.61
72 4 856-102 95.25+3. 40 6. 80 7.14 84.44-106.06
80 5 93-100 97.00+1.48 . 3.32 3.42 92.89-101.11
90 5 92-103 98.00+1.82 - 4.06 4,14 92.94-103.086 -

100 . 7 92-102 G7.14+1. 47 3.89 4.00 93.54-100,74

120 4 86-100 98. 00+0. 92 1.83 1l.87 95.07-100,93

135 5 95-102 - 98.20+1.39 3.11 3.17 94.34-102.06

150 5 96-100 98.40+0,75H 1.67 1l.70 96.31-100.4°

*165 5 95-104 98.C0+1.67 3. T4 3.82 93.36-102.64

.180 5 90-111 101.00+3.62 - 8.09 8.0l - 90.94-111.06

210 6 92-106 101.00+2.07  5.06 H5.01 95.63-106,32

240 5 95-108 103.00+2.43 5,43 85.27 96.24-109,76

270 5 96-110 100.50+1.48 Be 32 3.30 96,39-104.61

300 7 97-109 102.71+l1l.44 3.82 3.72 99.18-106,24

330 5 105-112 108.60+1.50 3. 36 3,09 104,43-113.7%

360 5] 103-111 106.60x1.69 3.78 35.55 101.90-111.30

390 5 102-110 105.40%l.54 3044 3.26 101.12-109,68

420 4 104-115 107.50+2.54 5,07 4.72 99.42-115.58

450 4 1056-113 110.25+1.80 3.59 3.26 104.53-115,97

480 4 106-111 108.75+1.11 2.22 2,04 105.22-112.28

510 5 105-110 108.00+0.95 2.12 1.96 105,36-110.64

540 4 105-113 3.40 3.14
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Appendix 9. Numerical data for the incrcase in tail length.
of the Skomer vole: .

Age/ Sample Range/  MeantS.E. S.D. - V. Ranrp/mm ’
days size mm. ' 95% c. 1.
5 4 13-14 13.55+0.4.3 0.387 6. 39 12.18-14.92
7 5 15-16 15.50+0. 32 0. 71 4,07 14.61~-16. 39
10 9 16-22 20.234+0.75 2.24 11.07 18.50-21.96
14 7 25-20 24,4340, 52 1.37 5.60 23.16-25.70
17 8 28=-31 29.81+0.38 . 1.07 3.58 28.91-30.71
21 7 34-3¢- 35,93+0.71 1.88 5.23 34.,19-37, 67
24 4 37~-41 38.,75+0.856 1.71 4,41 36.05~41,45
30 10 37-43 40, 20+0. 57 1.81 4.51 33.91-41.49"
35 8 41 -47 43,38+0.84 2.37 5.46 - 41.,3%-45.37
42 4 45«53 47,8811, 74 3,47 Te25 42.35-53. 41
49 4 45-52 48.50+1.44 2. 89 5.95 43,92-~-53.08
60 13 4'7-59 50.,00+0.87 -~ 3.14& G.28 48, 10~51. 90
72 4 4.5-54 50.50+2.02 4,04 8. 00 44, 08-56, 92
80 5 46-51 48, 20+0.68 1l.02 3. 98 46, 31-50. 09
90 5 47-58 52.40+1.89 4, 22 8.05 47.15-57.65
100 7 43-51 47.57+1.00 2. 64 5.565 45.12-50,02 -
120 4 48-50 48,7540.48 0.96 i.67 47,22-50.28
135 15) 45-51 48.60£1. 03 230 4073 45,74~51. 46
150 5] 47-52 49.60+0.87 1.95 3. 93 47,18-52.02
165 5 46~03 48,40+1.21 2.70 5.08 45,04-51.76.
180 5 4455 50.00+1.98 . 4.42 8.83 44,50-556,50
210 6 47-55 49,67+1.18 . 2.88 - 5.80 46,64-52.70
240 5 47-54  51.00+1.45 3. 24 6. 35 46.97=-55.03
270 5 49-56 51.80+1. 35 3. 03 5.85 48,056~55,. 65
300 8 49-55 52.1910.69 1,96 5.76 50.565-53.83
330 4 54-58 56.25%0.856 1.71 3. 04 53.55-58. 95
360 5 50-55 53.40+0,92 2. 07 3.88 50.83-55. 96
390 5 51-55 53.00+£0. 71 I.58 2.98 51.03~54, 97 .
420 4 49-61 53.256+2.66 De 32 9.98 44,79-61.71
450 4 51-56 54,504+1.19 2. 38 4,37 50,72-58.28
480 4 52-58 54,5041, 26 2052 4.62 50.49-58.51
510 5 51-53 51,80+0.49 1.10 2,11 50.44-53.16
540 4

50~-54 52.2511.03 2.06 3. 95 48.97-55.53
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Appendix 10. Numerical data for the increase in the ear
pinna length of the Skcmer vole: ‘

Age/ Sample Range/

MeantS. E. s.b.. V. Range/mm ,
days size  mm. : : 95% col.
5 5 2.5- 3.7 3,04+£0.19 0.43 14.07 2eD1l- 3.0H%7
7 4 Be3— 3.5 3.43+0,06 0.10 2.79 5. 27- 3,59
10 9 3,8~ 5.8 4.6840.22 . 0.65 13.92 4,17- 5.19
14 7 6.3~ 8.0 7.47+0.26 0.70 9. 35 6.83= 8.11
17 b 8.1- 9.0 8.50+0.14  0.32 3.81 8,11~ 8.89
21 7 10.0-11.0 10.21+0.14 0. 38 3.68 9.87-10.55
24 4 10.0-11.3 10.83+0.292  0.57 5.24 9.91-11.75 -
30 10 9.5-12.0 10.76+0.25 0. 80 7.40 10.19-11.33
35 8 10.8-12.5 11.494+0.21 0.58. 5.02 10.99-11.99
42 4 10.8-12.0 11.33+0.87  0.54 4,75 10.47-12.19
49 4 11.2-12.0 11.70+0.19 0,38 3.27 11.10-12.30
60 13 11.4~13.0 12.16+0.11 0. 38 3.09 11.92-12.40
72 4 11.3-13,0 12.08+0.35 0.70 5.79 10,97-13.19Q
80 5 11.5-13.0 12.0040., 27 0.61 5.10 11.25=-12.75
90 5 12.0-13.0 12.5240. 21 0.48 3.81 11.94-13,10
100 7 11.3=13.0 12.16+0.20 0.53 4.32 11.67-12.65 -
120 4 12.2-13.4 12.53+0. 17 0. 34 2.72 11.99-13.07
135 5 11.8-13.4 12.26+0. 22 0.49 = 3.98 11.65-12.87
150 5 12,0-12.56 12.30+0.12 0. 27 2.23 11.97-12.63
165 5 12,0-12.3 - 12.12+0.06 0.13 1.08 11.956=12.29.
180 5 12.0-13.0 12.46+0.19 0.42 3.34 11.93-12.99
210 6 12.0-13.1 12.48+0.19 0. 47 3,77 11l.99-<12.97
240 5 12.3-13.0 12.54+0.12 0. 27 2.15 12.21-13.87
270 5 12.4-13.5 12.82+0. 22 0.50 3.88 12.21-13.43.
300 7 12.6-13.0 12.94+0.06 0.15 1l.17 12.79-13.09
330 5 12.7=13.5 13.10+0.13 0.29 2.23 1l2.74-13.46
360 5 12.2-13.3 12.80+0.20 0.44 3.45 12.24-13.36
390 5 12.4-13.5 13.02+0.18 0. 40 3.09 12.52-~13.52
420 4 12.7-13.3 12.98+0.14 0.28 212 12.53-13.43
450 4 12.4-13.6 13.00+£0.25 0.49 3.77 12.20-13.80
480 4 13.0-13.2 13, 05+0.05 0.10 0.77 12.89-13.21
510 5 13.0-13.3 13,14+0.07 0.15 1.15 12.95-13.33
540 4 12.6-13.8 0.50 3.84 12.30-13.90

13.104+0.25




Appendix 11. Numerical data for ’che increase
foot length of the Skomer vole:

in the hind

S.D.

540

17.2-18.0

Age/ Sample Range/ leantS. E. V. -Ranpe/mm ,
days SiZe mme. QO/O Ce. 10

5 6 8.0~ 9.5 8. 92+0. 20 0.49 5.51 8.41- 9.43
7 5 10.0-10.5 10.20+0.12 0.27 2. 68 9,87-10.53
10 10 12.2-13.7 12.88+0. 156 0.48 3.75. 12.54-13.22
14 7 14.8-15.2 15.00+0.05. 0.12 0.77 14.88-15.12
17 9 15,0-16.5 15.,70+0,17 0.52 3.32 15.31-16.09
21 6 16.0-17.0 16.42+0.16 0. 40 2.42 16.01-16.83
24 4 16.5-17.3 16.88+0.18 0.35 2,07 16.31-17.45
30 10 16.5-18.0 17.30+£0.13 0.42 2,44 17.01-=-17.59
35 8 16.5-18.0 17.29+0.19 0. 55 3.19 16.84-17.74
42 4 17.5-18.0 17.75£0.15 0.29 1.63 17.27-18.23
49 4 18.0-18.1 18.03+0.03 0. 05 C.28 17.93-18.13
60 13 17.1-19.0 17.81+0.15 0.53 2.95 17.48-18.14
e 4 17.2-18.1 17.65+0. 34 0.47 2.64 16.89-18.41
80 5 17.2-18.2 17.64+0.20 0.44 2.49 17.08-18.20

90 . 5 17.1-18.6 18.04+0, 26 0.59 5.29 17,32-18.76

100 - 7 17.0-18.5 17.67+0. 23 0.60 5.38 17.11-18.23
120 4 17.0-18.0 17.38+0. 22 0.43 2.50 16.68-18.08
135 5 17.2-18.0 17.64+0.16 0. 35 1.99 17.20-18.08
150 5 17.5-18.3 -17.96+0.13 0.29 1l.60 17.60-18,.32
1656 5 16.8-18.3 17.72+0. 26 0.59 3.32 17.00-18.44
180 5 17.4-18.3 17.76+0., 20 0.45 2e¢54& 17.12-18.40
210 6 17.8-19.0 18.3310.18 0.43 2,33 17.87-18.79
240 5 17.0-18.5 17.76+0. 25 0.57 3.22 17.06-18.46
270 -5 17.2-18.5 17.58+0. 24 0. 54 3.05 16.91-18.25
300 7 17.6-18.5 18.01+0.10 0. 26 1.45 17.76-18.26
330 5 18.0-18.18 18.04+0,04 0.08 0.45 17.93-18.156
360 5 17.4-18.5 17.88+0. 20 0.44  2.48 17.32-18.44
390 5 17.5-18.15 17.7530.13 0.30 1.71 17.39-18.11
420 4 18.0-18.5 18.13+0. 13 0.25 l.38 17.72-18.54
450 4 17.4-18.2 17.70£0.18 0. 36 2.01 17.13-18.27
480 4 17.2-18.4 - 17.8310.29 0.57 | 3.19 16.91-18.75
510 5 16.6-18.0 17.26+0. 24 0.53 3.05 16.59-17.93
4 17.48+0.18 0. 36 2.06 16.91-18.056




Appendix 12. Numerical

length of

data for the increase in
the mainland bank vole:

skull

Age/ Sample

Range/  MeanzS.E. S.D. V. Range/mm ,
days silze  mm. 95% c.l.
5 4 13.16-14.40 13.56%+0.29 0.57 4,21 12.64-14.48
7 4 14,30-15.89 14.86+0.35 0.70 4,74 13,75-156.,97
10 4 17.20-17.97 17.50+0.17 0.33 1.89 16.96-18.04
14 4 16.75-18.80 18.04+0.45 0.90 4,97 16.61-192.47 -
17 7 18.10-19.74 18.81+0.19 0. 50 2.68 18.34-19,.28
21 7 19.30-21.30 19,97+0.26 0.69 3.46 19.33-20.61
24 7 18.95-20.50 19.91+0.19 0.49 2.44 19.44-20.38
30 9 18.956-21.42 20,24+0.28 0.85 4,22 19.59-20.89
35 5 20,10-21.11 20.81+0.19.  0.43 2. 08 20.28-21. 34
42 6 20.80-21.75 21.39+0.13 0.33 1.54 21.06-21.72
49 10 21.09-22.50 21.96+0.15 0.48 2.19 21.62-22.30
60 17 20.52-22.95 21.89+0.18 0.76 3.47 21.51-22.27
72 7 21.20-53.07 22.43+0.25 C.67 2.98 21.82-33.04
80 10 21.80-23.20 22,.63+0.15 0. 47 2.08 23.29-282.97
90 | 6 22.00-23.15 22.53t0.16 0. 39 1.74 22.12-22.94
100 7T 22.15~23.26 22.72+0.14 0. 38 1.69 22.38-23.06
120 8 22.21-23.70 22.98+0.16 0.44 1.91 22.60-23.36
135 5 22.11-23.41 .22.88+0.23 0.52 2.28 22.24~23.52
150 7 22.00-23.79 23.14+0.25 0.66 2.84 22.53=283.75
165 6 22.50-23.35 22.92+0.16 0. 39 1.69 22.51-23.33
180 11 22.00~23.85 22.81+0.16 0.53 2,32 22.45-23.17
210 12 22.40-23.90 23.1910.16 . 0.55 2,40 22.84-23.54
240 12 22.28-24.16 23.25¢0.16 ~ 0,565 2.36 22,90-23.€0
270 11 22.10-24.00 23.22+0.17 0.55 2. 36 22.84-23.60
300 - 4 23.13-24.64 23.52+0.38 0.75 3.18 22.31-24.73
330 - 7T 23.35-24.60 23.85+0.18 0.48 2,02 23.41-24.29
360 6 22.65-24.,40 23.43+0.29 0.71 3.01 22.68-24.18
390 4 22.86-24.10 23.57+0.30 0,59 2.50 22.62-24.52
420 3 23.25=24.34 23.85+0.32 0.55 2.32 282.47-25.23
450 4 23.23-24.45 23.70+0.26 0.52 2.21 22.87-24.53
480 5 22.95-23.60 23.39+0.12 0. 26 1.09 23.06-23.72
510 3 23.53-23.94 23.78+0.13 0. 22 0. 93 23.22-24, 34
540 3 22.80-23.72 2.01 23.15-24.47

23.31+0. 27

0.47
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Appendix 13. Numerical data for the increase in the zygomatic
breadth of the mainland bank vole:

Age/ Sample Range/ MeantS, E. S.D. V. ‘Range/mn , .
days size mn. . 95% c.l.
5 4 7.76=- 8,95 8.13+0.28 0.55 6.83 Te24- 9.02
7 4 8.156- 9.45 ~ 8.75+0.27 0.53 6.11 7.89- 9.61
10 4 10.05-10.92 10.5340.18 0.36 3.40 9, ¢6-11.10
14 4 9.60-11.20 10.52+0,733 0.67 6.35 Q.47-11.57
17 4 10.80-11l.82 11.21+0.22 0.44 3.94 10.51-11.91
21 6 11.08-12.00 11.55+0.15 0.36 3.09 11.16-11.94
24 5 11.15-11.91 11.67+0.14 0.32 2.72 11.28-~12.06
30 8 11.20-12.35 11.9740.13 0.38 3.17 11.66-12.28
35 5 11.80-12.85 12.19+0.17 0,39 3.22 11.72-12.66
42 6 11.40-12.68 12.30+0.20°  0.49 3.96 11.795-12.81
49 10 12.00-13.10 12.68+0.12 0.37 2.91 12.41-12.95
60 17 12.00-13.94 12.76+0.12 0.49 3.83 12.51-13.01
72 7 12.50-13.24 12.83+0.11 0.30 2.31 12.56-13.10
80 10 12.20-13.56 12.88+0.14 0.44 3.43 12.56-13.20
90 7 12,10-13.00 12.80+0.12 0.32 2.50 12.51-13.09 -
100 6 12.60-13.95 13.04t0.20 0.48 3.64 12.53-13.55 .
120 8 12,93-13.70 13.35¢0.10 0.29 2.18 13.11-13.59
135 5 12.80-13.64 13.22+0.15 0.36 2.72 12.78-13.66
150 6 13.26~-14.10 13.65+0.15 0.36 2.64 13.17-14.04
165 5 12.76-13.84 13.40+0.18 0.40 3.00 12.90-13.90
180 11 12.90-13.65 13.31+0.08 0.27 2.05 13.13-13.49
210 12 12.90-13.90 13.42+0.10 0.33 2.47 13.20-13.64
240 8 13.10-13.75 13.43+0.09 0.25 1.83 13.82-13.64
270 11 13.10-14.00 13.50+0.09 0.30 2.26 13,30-13.70
300 4 13,34-14.16 13.61+0.19 - 0.38 2.76 13.01-14.21
330 7 13.21-14.36 13.81+0.14 0.37 2.70 13.47-14.15
360 6 13,06-14.10 13.55+0.18 0.43 3.15 13.09-14.01
390 4. 13.18-14.42 13.70+0.237 .53 3.89 12.84-14.56
420 z2 13,52-14.01 13.82¢0.16 . 0.27 1.92 13.13-14.51
450 4 13,73-14.24 13.91+0.12 0.283 1.62 13.53-14.29
480 5 13,63-14.00 13.76+0.05 0.11 0.81 13.62-13.90
510 3 13,71-13.90 13.81+0.06 0.10 0.69 13.55-14.07
540 3 13.30-13.44 0.10 0.75 13.12-13.64

13.38t0. 06




Appendix 14. Numerical data for the increase in the 1ower
Jaw length of the mainland bank vole:

24
J

Age/ Sample

13.05+£0. 10

0.18

Range/  MeantS3.E. s.D. V. Range/mm ;

days size  mm ‘ 95% c.1l. .
5 4 7.30- 9.03 8.27+0.36 0.72 8.71 7.13= 9.41
4 4 8.83- 9.60 9.15+0, 17 0.33 3.61 8.61l- 9.69
10 6 10.00-10.50 10,31+C.08 0.19 1l.84 10.10-10.52
14 4 10.15-11.50 10.82+0.29 0.57 6.29 ©9.90-11l.74
17 4 11.00-11.90 11.38+0.19 0.39 3.39 10,73-11.98
21 6 11.14-12.14 11.73+0.14 0.35 3.02 11.37=-12.09

24 8 11.10-12.04 11.55+0.13 0.36 3.14 11.54-11.86 -

30 10 11.00-12.70 11.8340.16 0.52 4.36 11.47-12.19 -
35 5 11.40-12.12 11.81+0.12 0.26 2.23 11.48-12.14
42 6 11.50-12.50 12,12+0.15 = 0.36 2.98 11.73-12.51
49 12 11.70-12.50 12.12+0.07 0.256 2.07 11,97-12.27
60 23 11.60-13.28 12.37+C.10 0.456 3.72 12.16-12.58
72 7 11.80-12.90 12.44+0.14 0.38 3.09 12.10-12.73
80 10 12.10-13.10 12.71+0.11 0.35 2.73 12.46-12.96
90 7 12.00-12.80 12.49+0.1%2 0.31 2.46 12.20-12.78
100 8 12.10-13.30 12.51+0.14 0.39 3.13 12.18-12.84
120 - 10 12.25-15.65 12.97+0.12 0.39 2.°99 12.70-13.24
135 6 12.50-13.27 12.83+0.13 0.31 2.41 12.50-13.16
150 7 13.,00-13.80 13.35+0.13 0,34 2.56 13.03-13.67
165 6 12.74-13.28 13.02+0.07 0.17 1.33 12.84-13.20
180 11 12.70-13.80 13.24+0.11 0.36 2.70 12.99-13.49
210 13 12.75-13.75 13.09+0.10 0.35 2.68 12.87-13.31
240 8 12.,90-13.85 13.29+0.14 0,40 3.00 12.96-13.62
270 11 12.87-13.93 13.33+0.09 0.30 2.28 13.13-13.53
300 4 12,76-13.44 13.04+0.15 0.29 2.25 12.56-13.52
330 7 12.90-14.14 183.57+0.15 0.39 2.85 13.20-13.94
360 6 12.75-14.27 13.35+0.25 0.61 4.58 12.71-13.99
390 4 12.89-13.786 13.39+0.20 0.40 2.95 12.75-14.03
420 3 13.41-13.95 13.67+0.16 0.27 1.98 13.03-14.31
450 4 -13.00-14.24 13.39+0.29 0.57 4.26 12.47-14.31
480 5 13.16-13.80 13.53+0.12 0.26 .1.95 13.20-13.86
510 3 13.35-14.00 13.62£0.20 0.34 2.48 12.76-14.48
540 3 12.90-13.25 1.38 12.62-13.48



Appendix 15.

Numerical data for tne increase 1n
of the Skomer vole:

skull length

Age/ Sample

S.D.

332

. Range/ MeantS. K. V. Ranﬂe/mm y
days size mm. . 955% ol
5 2 14.25-14.45 14.,35+0.10 0.14 0.99 13.09-15.61
7 4 14.85-15,70 15.28+0.18 0. 35 2.27 1l4.71-15.85
10 3 16.77-17.70 17.31+0.28 0.48 2.73 16.11-18.51
14 4 18.50-19.00 18.75+0.13 0. 26 1,37 18.34-19.16
17 4 19.30-19,55 19.40+0.06 0.12 0.62 19.21-19.59
21 4 20.,22-20.60 20,37+0.09 0. 17 0.856 -20.03-20,66
24 4 20.60-21.40 20,91+0.19 0. 37 1.77 20.31-21.51
30 10 20.72»21.90 21.37+0.11 0. 35 1.62 21.12-321.62
35 8 21.75-22.60 22.,04+0,10 0.30 1.36 21.80-22.28
42 4 22 zo-vu.75 22.5530.12  0.24 1.07 22.17-22.93
49 4 22.58—05 45 23.03+0.18 0. 36 1.55 22.,46-23.60
60 13 22.75-23.70 23.25+0.07 0.27 1l.17 23.10-23.40
72 4 22.73-23.60 23.37+0.22 0.43 1l.84 23.67-24.07
80 5 23.30-24.02 23.60+0.19 0. 43 1.82 23.07-24.13
90 5 23,30-24,50 23.8710.21 0.48 2.00 23.29-24.45
100 7 22.85-24.00 - 23.44+0.15 0. 39 1.66 23,07-23.81
120 4 23,58-23,95 23.74+0.08 0.15 0.65 23,49~-23.99
135 5 ©3,17-24.,00 23.69+0.14 0.3l 1.32 23.30-24,08
150 5 23.46-24.20 23.71+0.14 0.31 1.29 23.32-24.10
165 5 23.21-24,55 23.82+0.24 0.53 2.22 23.15-24,49
180 5 22.3%4-24.70 23.81+0.44 0. 99 4,16 22,59-25.03
210 6 23.00-24.88 24.12+0.29 0.70 2.92 23.37-24.87
240 5 23.14-24.91 24.28+0.31 0.69 2.86 23.42-25.14
270 5 23.70-24.95 24.16+0.23 0.52 2.13 23.52-24.80
300 7 24.00~-24.50 24.27i0.08 0.22 0.89 24.07-24.47
330 5 24.24-25.30 24.75+0.21 0.46 1.87 24.17-25.33
360 5 23,67-24.90 24.43+0.24 0. 54 2.20 23.76=25.10
390 5 23.82-24.78 24.31+0.18 0.41 1.67 23.81-24.81
420 4 23.87-25.34 24.47+0.31 - 0.62 2.54 23.48~25.46
450 4 23,88-25.26 24.69+0.30 0.60 2.45 23.74-25.64
480 4 924,35=-25.12 24.84+0.17 0.34 - 1.35 24.30-25.38
510 5 924,15-24.68 24.36+0.09 0.20 0.83  24.11-24.61
4 24.00-24.65 1.26

540

24, 3440.16

0.31

23.83-24.85
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Appendix 16. Numerical data for the increase'in the ngomatic_

breadth of the Skomer vole:

Age/ Sample

Range/ Meant3.E. s.D. V. Range/mm ,
days size mm. 95% Col.
5 2 8.90- 9.05 8.98+0.08 0.11 1.18 7,96-10,00
7 4 9.15-10.00 9,48+0.18 0.36 3.83- 8.91-10.05
10 3 10.16-10.75 10.37+0.19 0.33 3.18 '9,55~11.19
14 4 10,95-11.40 11.1240.10 0.20 1.76 10.80~-11l,44
17 4 11.27-11.65 11.49+40.09 0.17 1.49 11.20-11.78
21 4 11.60-12.20 11.88+0.13 0.25 2.1 11.47-12.29
24 4 11.75-12.65 12.28+0.20 0.39 3.16 1l.64-12.92
30 10 12.00~12.85 12.564+0.09 0.29 2.34 12.34-12.74
35 8 12.40-13.29 12.856+0.09 0.256 1.95 12.64-13.06
42 4 13.00-13.45 13.19+0.20 0.19 1.46 12.55-13.83
49 4 13.00-13.,40 13.24+0.09 0.18 1.37 12.95-13.53
60 13 13.12-14.04 13.61+0.09 0.32 2.38 13.41-13.81
72 4 13.00-1%4,20 13.58+0.26 0.51 3.72 12.75~14.41
80 5 13.19-13.90 13.52+C.13 0.29 2.11 13.15-13.88
90 5 13.40-14.15 13.80+0.13 0.30 2.16 13.44-14.16
100 7 13.16-14.00 13.57+0.10 0.27 1l.98 13.32-13.82
120 4 1%.35-14.00 13.68+0.14  0.29 2.10 13.23-14.13
1356 5 13,23-14.10 13.81+0.16 0.35 2.52 13.,37-14.25
150 5 13%.58-14.11 13,95+0.09 ©0.21 1.52 13.70-14.20
165 5 1%.35=14.27 13.82+0.17 0.39 2.81 13.35-14.29
180 5 13,20-14.76 13.97+0.26 0.568 4.16 13.25-14.69
210 6 13.20~14.68 14.09+0.22 0.53 38.75 13.52-14.66
240 5 13.,50-14.50 14.23+0.19 0.42 2,96 13.70~14.76
270 5 13.54~14.55 14.10+0.19 0.42 2.97 13.57~14.63
300 7 13.66-14.55 14.19+0.11 0.30 2.12 13.92-14.46
330 5 14,11-15.10 14.53+0.,17 0.37 2.57 14.,06-15.00
360 5 13,71~-14.98 14.41+0.25 0.55 3.83 13.71-15.11
390 5 14.086-14.78 14.32+0.13 0.28 1.95 13.96~14.68
420 4 14,14-15.00 14.40+0.20 0.40 2.80 '13.76~15.04
450 4 14,29~14.76 14.54+0.10 0.20 1l.36 14.22-14.86
480 4 14.58-14.96 14.75+0.10 0.20 1l.33 14.43-15.07
510 5 14.12-.4.65 14.47+0.10  0.23 1.57 14.19-14.75
54.0 4 0.22 1l.53 14.16~-14.78

14.22-14.66

14.47+0,11




Appcndix 17. Numerical data for the increase in the lower
jaw length of the Skomer vole:

334

Age/ Sample Range/ Mean+S. E. S.D. V. Range/mm ,
days size mm. ' : 05% c. 1.
5 2 9,10~ 9.45 9.28+0.18 0.25 2.67 6.99-11.57
7 4 9.57-10, 05 9,79+0.10 0.20 2.08 9.47-10.11
10 3 10.30-11.12 10.67+0.23 0.40 3.79 9.68~11.66
14 4  11.20-11.70 11.44+40.11 0G6.21 1.80 11.09-11.79
17 4 11.60-12.00 11.77+0.08 0.17 1.43 11.52-12.02
21 4 12.25-12.50 12.33+0.06 0.12 0.95 12.14-12.52
24 4 12.00-12.75 12.4540.18 0.33 2.62 11.94-12.96
30 10 12.30-13.00 12.57+0.08 0.26 2,08 12.39-12.7
35 8 12.70-13.15 12.88+0.05 0.15 1.17 12.76-13. OO
42 4 13,18-13.60 13.32+0.10 0.19 1l.45 13.00-~13.64
49 4 13.00-13.63 13.18+0.15 0.30 2.29 12.70-13.66
60 13 13.26-14.00 13.53+0.06 0,21 1.58 13.40-13.66
72 4 13.156-13.80 13.41+0.14 0.28 2.10 12.96-13.86
80 5 13.25-13.90 13.56¢0.13 0.28 2.04 13.20-13.92
90 5 13.30~-14.35 13.73+0.19 0.42 3.06 13.20-~14.26
100 7 13,00-13.78 13.49+0.10 0.86 1.9 13.24-13.74
120 4 13.70-13.96  13.79+0.06 0.12 0.89 13.60-13.98
135 5 13.31-14.05 13.65+0.12 0.27 2.01 13.32~13.98
150 5 13.35-14.15 13.76+0.17 0.37 2.67 13.29-14.23
165 5 13,32-14.45 13.83+0.20 0.44 3.20 13.27-14.39
180 5 13.05-14.27 13.80+0.22 0.49 3.54 13.19-14.41
210 6 13.35-14.32 13.89+0.13 0,31 2.25 13.56=-14.22 . -
240 5 13.45-14,33 13.94+0.16 0,36 2.56 13.50-14.38
270 5 13,70-14.15 13.92+0.08 0.17 1.20 13.70-14.14
300 7 13,75~14.37 14.11+0.09 0.24 1l.71 13.89-14.33
330 5 13,90-15.00 14.40+0.18 0.41 2.84 13.90-14.90
360 5 13,85-14.70 14.28+0.14 0.31 2.20 13.89-14.67
390 5 13,75-14.20 14.03+0.08 0,18 1.25 13.81-14.25
420 4 13,76-24.55 14.04+0.18 0.35 2.52 13.47-14.61
450 4 14,00-14.84 14.24+0.20 0.41 2.85 13.60-14.88
480 4 14.24-15.00 14.53+0.17 0.33 2.30 13.99-15.07
510 5 13.85-14.43 14.18+0.10 0.22 1.56 13.91-14.45
540 4 13,73-14.45 0.31 2.24

14.0640.16




Appendix 18. Numerical data for the increase in the neck-
root length of Ml of the mainland bank vole:

Age/ Sample

335

Range/ Mean+3.E. S.D. V. Range/mm,
days gize mm, : 05% C.1l.
5
7
10
14
W
21
24 , ,
30 ' '
35 4 0. 00-0., 03 0. 01+0.01 0.02 150,00 0.00-0.,04
4.2 5 0. 00-0.11 0.07+0.,02 0.05 64,68 0€.01-0.13
49 11 0. 04~0. 2C 0.15+£0.02 0,05 3l.24 0.11-0.19
60 22 0.13-0.45 0. 2640, 02 0.08 30.49 0.22=0.30
73 7 0. 30-0.56 0. 40410, 04 0.10 25.72 0.31-0.49
80 11 0. 35~-0, 59 0.45+0, 02 0.07 16.58 (0.41-0.49
90 7 0. 35-~0. 68 0.52+0.05 0.12 22,37 0,40-0.64
100 11 0, 33-0.78 0.5940, 04 0.13 22.52 0.50~0,68
120 11 0.52-0.99 . 0.71+0.05 0.1l6 21.87 0.80-0.82 -
135 6  0.62-0.98 0.79+0. 05 0.12 15.28 0.66~0.92
150 7 0.62-1.18  0.93+0.08 0.22 23.82 0.74-1.12
165 8 0.75-1. 07 0.92+0.05 0.13 14.43 0.80-1.04
180 12 0.73-1. 35 1.01+0.06 0.20 12.60 0.88-1.14
210 19 0.87-1.46 1.19+0.04 .18 1l4.85 1.11-1.27
24.0 9 1.10-1,90 1.49+0.08 0.26 17.56 1l.31-1.67
270 10 1, 00-2.00 1.55+0.09 0.30 19.37 1.35-1.75
300 4 1.67-2,05 1.83+0.08 0.16 8.81 1.58-2.08
330 7 . l1l.75-2.27 2.04+0. 06 0.17 8.30 1l.89-2.19
360 7 1.94-2,35 2.17+0.06 0.17 7.88 2.02-2.32
390 4 2. 00-2, 44 2.19+0.10 0. 20 92.00 1.87-2.51%
420 4 2.12-2.40 2. 2810, 07 0.13 5.86 2.06-2.50
450 5 2.04~-2. 56 2.31+0.09 C. 20 8.76 2.06-2.56
480 5 2.17-2.79 2.37+0.11 0.25 10.46 2.06-2.68
540 3 0.33 13.56

2.20-2.80

2.42+0.19

1. 60-50 24!




'Apperidix 19. Numerical data for the increase in the neck- ‘
root length of Mg of the mainland bank vole:

1.9810.06

Age/ Sample Range/ MeantS. E. s.D. . V. Range/mm, -

days size Imime T 95% cole
5
7

10

14

17

21

24

30 ‘

35 4 0. 00~-0, 04 0.01+0.01". 0.02 200.00 0.00-0. 04

4.2 6 0. 00-0. 14 0. 07+0. 02 0.05 72.09 ° 0.02-0.12

49 8 0.12-0.19 0.14+0.01 0.03 19,07 C.12-0.16

60 17 0. 10-0. 31 C. 20+0. 01 0.06 30.54 0.,18~0. 22

72 7 0. 25-0. 38 0. 31+0. 02 0.05 15.29 0.26-=0. 36

80 10 0. 33-0.53 0.39+0. 02 0.07 17.66 0. 35~0.43

90 6 0. 34-0, 54 O. 42+0. 03 0.07 17.28 0. 34~-0.50
100 - 11 0. 40-0.67 0.51+£0.03 0.09 L7.39 0.44--0.58
120 9 0.51=-0.75 0.63+0. 03 0.08 13.31 0.56-0.70
1356 6 0.62-0.95 '0.70+0. 05 0.13 18.79 0.57-0.83
150 5 0.80~0.98 ° 0.86+0,03 0, 07 7.69 - 0.78~0.94
165 6 0, 70-0. 96 0. 84+0, 04 Cell 13.27 0. 74-0. 94
180 12 0.70-0, 94 0.81+0.03 C.09 1C.77 0.74-0.88
210 18 0.82-1.29 1.01+0.03 0.13 12.64 0.95-1.07
240 9 1.00-1.59 1.19+0.07 0.20 16.40 1l.03-1.35
270 11 1.00-1.59 1.23+0.05 0.18 14.52 1.12~1. 34
300 4 1.38-1.62 1.50+£0. 07 0.13 8. 33 1.28-1.72
330 7 1.40-1.75 1.59+0. 06 0.15 3.556 1l.44-1.74
360 7 1.48-1.83 1.68+0. 056 0.14 8.43 1.56~1.80
4.20 4 1.70-2.12 1.84+0.09 0.17 9.17 1.55-2.13
450 5 1.63-1.94 1.82+0. 05 0.12 6.75 l.68~1.96
480 5 1.62-2.29 1.84+0.12 0.27 14.50 1.51-2.17
510 3 1l.84-2.25 2. 04+0.12 0.21 10.05 1l.52-2,56
540 3 1.91-2.11 0.1l1 5.69 l.72-2.24

336



Appendix 20. Numerical data for the increase in the neck-
root length of Mz of the mainland bank vole:

1.21-1.50

1.32+0.09

/-

Age/ Sample Range/ Mean+5. E, S.D. V. Range/mm ,
days size M. ' ' 95% c.1l.

5

7

10

14

17

21

24

30 ! o L
35 4 0. 00-0. 05 0.01+0.02 0. 03 250.00 0.00-0.07
4.2 6 0.00-0,17  0.08+0.02 0.06 7l.88 0.03~0.,13
49 10 0, 05-=0. 27 0.,12+0.02 0.07 &0.73 0. 08-0.16
60 17 0., 04-0. 20 0.11+0,01 0.05 41,78 0. 09-0.13
72 7 0.14-0.22 0.17+£0.01 0.03 18.73 0.15-0.19
80 10 0.14-0. 39 0.24+0.03 0.08 33,09 C.17-0.31
90 6 0.15-0. 38 0. 2610, 04 0.09 34.653 0.16~0. 36
100 11 0.17-0. 056 0. 2640, 02 0.07 26.56 0.22-0.30 .
120 9 0.21-0.52 0.36+0. 04 0.12 34,33 0.27~0.45
135 6 0,35~0.70 0.48+0.05 C.l2 24.67 0. 35-0.61
150 5 0.41-0.56 - 0.51+0.03 0.06 12.04 0.43-0.59
165 6 0.45-0.68 0. 58+0. 04 0.10 16.56 0.48-0.68
180 12 0.4.0-0.60 0.504+0.02 0.06 12.58 0. 46-0. 54
210 18 0.43-0. 96 0.6440.03 0.13 . 1¢.76 0.58-0.70
24.0 9 0. 54-0, 99 0.73+0.05 0.16 21.85 0.61~-0.85
270 11 0.62-1. 08 0.78+0, 05 0.18 22.70 0.67-0.89
300 4 0.90~1. 00 0.97+0,03 C.05 4,87 0.87-1.07
330 7 0.89-1.18 1.03+0.05 0.13 18.72 0.91-1.15
360 7 1.02-1.28 1.12+0.04 0.10 ° 9.00 1l.02-1.22 .
390 4 1l.00-1.33 1.13+0,07 0.14 12.73 0.,91-1.35
420 4 1.00-1.30 1.16+0.07 0.13 10.94 0.94-~1. 38
450 5 0.85-1.40 1.20+0.10 C.23 1¢c.28 0.92-1.48
480 5 1.00-1.55 1.27+£0,09 0.20 17.37 -1.02-1.52
510 3 1.24-1.42 1.33+0.05 0.09 6.78 1.11-1.55

337



Appendix 21. Numemcal data for the increase in the neck-
root 1ength of IZL of the mainland bank vole:

“Age/ Sample

Range/ MeantS. E. S.D. V. nge/mm ,

days silze M. A ' 95% C. 1. '

5

-7

10

14

17

21

24

30

35 : N : A

42 6 0.04~0.11 0.06+0.02 0.04 68.85 0.01-0.11

49 11 0.04-0.28 - 0.16+0.02 0.08 51l.78 0.12-0.20

60 21 0.06-0. 37 0.21+0.023 0.09 41.79 0.17-0.25

2 7 0.23-0. 37 0.32+0.02 0.05 17.10 0.27-0. 37

80 11 0. 32-0.,57 0.43+0,02 0.07 16.92 0. 39-0.47

90 7 0.43-0.68 0. 56+0, 04 0.11 19.93 0. 46-0.66
100 11 0. 42-0.89 0. 5740, 04 0.14 24.01 0.48-0.66
120 11 ‘0. 45~0.88 0.68+0. 04 C.14 2C.88 0.59-0.77
135 6 0.72-1.07 0.86+0.05 .12 13.88 0.73~-0.99
150 7 0.66-1.09 . 0.90+0.07 0.18 16.45 0. 73-1.07
1656 8 0.74-1.06 0.89+0. 05 0.14 15.34 O0.77-1.01
180 12 0,73=-1. 237 C.98+0.05 O.17 17.37 0.87-1.09
210 19 0.85-1.48 1.15+0. 04 0.18 15.94 ~1.07-1.23
240 9 1.16-1.86 1.4210.07 0.21 14.79 1.26-1.58
270 11 1.00-1.94 1.38+0.09 0.30 21.90 1.18-1.58
300 4 1.63-2.06 1l.77+0.10 0.20 1l.14 1.45-2,09
330 7 1.76-2.22 1.92+0.05 - 0.14 7.50 l.80-2.04
360 7 1.60-3.35 2.07+0. 11 0.28  13.53 1.80-2.34
390 4 1.82-2.25 2.10+0.10 0.19 9,19 1l.78-2.42
420 4 2.05-2,40 2.23+0.09 0.18 7.87 1.94-2,.52
450 5 2.10-2.54  2.25+0.08 0.18 7.82 2.03=-2.47
480 5 2.06-2,45 2. 25+0. 06 0.14 6.19 = 2.08-2.42
510 3 2.12-2.70 2.49+0.18 0.32 12.81 1.72-3.26
540 3 2.00-2.84 0.43 17.89 1.30-3.46.

2. 380, 25




Appendix 22. Numerical data for the increase in the neck-
_ root 1cngth of Mz 0f the mainlqnd bank vole:

Range/

3

Age/ Sample MeantS. E. s.D. V. Range/mm ,
days size m. . 2 05% col.

5

o -

10

14

17

21

24

30 ' ‘ o

35 5 0. 00~-0.02 0.01+0.01 = 0.01 100.50 0. 00-0,02
42 6 0. 00-0.09 0, 03+0.02 0.04 132.78 0.00-0.08
49 10 0.05-0.29 0.15+0.03 0.08 bHl.84 0.08-0.22
60 17 0.10~0.29 0.1%x0.01  0.06 30.'78 0.17-0. 231
72 7 0.15-0,35 0.26+0.03 0.08 29.74 0.19~0. 33
80 - 10 0. 33~0. 44 0. 38+0. 01 0.04 10,97 C. 36-0.40
90 6 0.33-0.58 0.45+0, 04 0.09 16.65 0. 35-0,55
100 11 0.34-0,59 0.45+0. 02 0.08 17.73 0.41-0.49
120 9 0.40~0.68 0.53+0. 04 0.11 21.31 0. 44-0.62
135 6 0.45-0."75 0. 58+0.05 0.12 21.18 0.45-0,71
150 S 0.60-0.85 . 0.71+0.05 0.11 15.35 0.57-0.85
1656 6 0.52-0.85 0.71+0. 04 C.1l1 16.13 0.61=-0.81
180 12 0.60-0.97 0., 76+0. 03 0.12 15.86 0.569-0.83
210 18 0.,70-1.37 0. 88+0. 04 0.17 19.16 0.80-0.96
240 9 0.80-1.56 1,13+0,08 0.23. 20.16 0.95-1.31
270 11 0.80~1.65 1.124+0.08 0.27 24.11 0.94-1.30
300 4 1.18-1.68 1.33+0.12 0.24 17.85 0.95-1.71
330 7 1.22-1.70 1.41+0.06 0.16 1ll.55 1l.26-1.56
360 T 1.24-1.80 1.56+£0.08  0.22 13.94 1l.37=-1.75
390 4 1.55-1.89 1.71+0,07 0.14 8.24 ~ 1.49-1.93
420 4 1.56-1.93 1.75+0. 08 0.15 8.84 1l.50-2.00
450 -6  1l.54-1.76 1.65+0.C4 0.09 5.79 1.55-1.75 -
480 S 1.40-1.96 1.69£0. 10 0.23 13.90 = 1l.41-1.97
510 3 1.64-2.15 1.89+0.15 0.26 13.51 1l.24-2.54
540 3 1.70£0.15 0.26 15.56

1.50-2.00 .

lo 05"‘20 55

74



" Appendix 23. Numerical'data for the increase in the neck-~
root length Of M6 of the mainland bank vole:

Age/ Sample Range/ MeantS. E. s.D. V. Range/mm ,
days size mm. 95¢) c. 1.
5
7

10

14

17

21

24

30

35 | |

42 6 0.03-0.10 0.06+0.01 0.02. 36.61 0. 04-~0.08
49 10 0.04-0.20 0,10+£0. 01 0.04 43.73 0.08-0.12
60 17 0.10-0.24 0.154+0.01 0.04 25.22 0.13-0.17
72 7 0.15-0.28 0.204+0.C2 0.04 20.96 0.15-0.25
80 10 0.21-0.40 0.30+0, 02 0.07 22.46 0.25-0.35
90 6 0.22-0.46 0.31+0, 04 0.09 27.97 0.21-0.41
100 . 11 0.30~-0.45 0.37+0, 02 0.06 15,72 0. 33~0.41
120 9 0.33~0.64 0.47+0.04 . 0.12 25.52 0. 38-0.56
135 6 0.40-0,86 0.59+0. Q7 C.18 29.93 0.41-0.77 -
150 5 0.43-0.85  0.66+0.07 0.16 23.70 0.47-0.85
165 6 0.44-0.80 0. 63+0., 05 0.12 19,47 0.50-0.76
180 12 0.50-0.89 0. 63+0. 03 0.11 17.49 0.56-0.70"
210 18 0.56-0,99 0.76+0., 03 0.13 16.88 0.70-0.82
240 9 0.81-1.26 0.99+0.06 , 0.18 .17.82 0.85-1.,13
270 11 0.80-1.35 0.94+0.05 0.18 18.98 0.83-1,05
300 4 1.00-1.38 1.16+0.09 OC.1l7 14,74 0.87~1.45
330 7 1.08-1.50 1.28+0. 06 O.1l7 13.16° 1.13-1.43
360 7 1.15-1.59 1.36+0.0Q7 0.18 . 13.50 1.19-1.53
390 4 1.32-1.50 1.39+0. 04 0.08 5. 80 1l.26~1.52
420 4 1.35~1.58 1.47+0.056 C.1l1 7.80 1.28-1.66
450 5 1l.31-1l.62 1l.444+0,06 0.13 8.88 1.27-1.61
480 5 1l.21-1.80 1.40+0.10 0.23 16.45 1.12-1.68
510 3 1l.53-1.83 1.64+0.10 0.17 10.07 1.21-2.07
540 3 1.30-1.50 0.10 7.24

1.39+0. 06

1.13-1.65

2

40



Appendix 24. Numerical data for the increase in the ﬁéck~
root length of My of the Skomer vole: -

0.18

341

Age/ Sample Range/ . MeantS.E. S.D. v. Range/mn,

days size mm. . 95% c.l.
5
7

10

14

17

21

24

30 ;

35 4 0.,00~0,08 * 0.02+0.02 0. 04 200.00 0. 00-0, 08

42 5 0. 00-0. 06 0.02+0.01 0.03 141.42 0. 00-0. 05

49 4 0.06-0.20 0.13+0.04  0.07 54.03 0. 00-0., 26

60 13 0.10-0.47 0.23+0.03 0.11 46.10 0.16~0. 30

72 4 0. 24-0. 41 0. 34+0. 04 0.07 21.88 0.21-0.,47

80 5 0.30-0.45 0.35+0.03 0.06 18.5H2 0.27-0.43

90 5 0. 36-0.56 0.47+0,04 0.10 20.50 0.36-0.58
100 7 0.40-0.68 0.52+0.04 0.1l1 20,90 0.42-0.62 -
120 4 0.55-=0.67 0.59+0.03 0.06 9.22 0,49-0,69
135 5 0.67-0.80 0.72+0.02 0. 05 7.37. 0.66=0,78
150 5 0. 70-0. 90 0.80%0, 04 0.09 10.99 0.69-0.91
- 165 5] 0.81-0.94 0.87+0.02 0.05 6. 22 0.81~0,93
180 5 0.80-1.14 1.04+0.06 0.14 13.40 0.89-1.21 -
210 6 1.01-1.34 1.14+0.05 0.12 10.81 1.01-1.27
240 5 1.11-1.56 1.37+0.10 0.23 16.56 1.09-1.65
270 5 1.20~1.98 1.53+0.14 0.31 19.95 l.14-1.92
.300 7 1.50-1.9C 1.63+0.05 0.14 8.56 1.50-1.74
330 5 1.70~2.00 1.88+0,05 0.12 6.43 1l.74-2.02
360 5 1.77=2. 22 1.98+0,07 C.16 8.23 1.79-2.17
390 5 1.75-2.24 1.95+0.09 0.20 10.29 1.70-2.20
420 5 2. 19~2.49 2. 2910, 06 0.13 5.63 2.12-2.46
450 4 2. 26-2.50 2.37+0.06 0.12 5.02 2.18-2.56
480 4 2.30-2.60 2.40+0, 07 C.1l4 5.91 2.18-2.62
510 5 2.35=-2.62 2.43%0, 05 0.11 4.52 2.29-2,57



Appendix 25,

Nuﬁefical daté for the increase in the neck-

root length of M? of the Skomer vole:

Age/ Sample

'2.3410. 06

0.12

Range/ Mean+S. E. 3.D. V. Range/mm ,
days size mm. 95% c.1.
5
7
10
14
17
21
24
30 | |
35 4 0, 00~-0, 05 0.01+0.02 0,03 . 250,00 0. 00=0. 07
42 5 0. 02-0. 09 0.06+0.01 0.03 45,03 0. 03-0, 09
49 4 0.10-0.18 0.14+0.02 0.04 31, Q7 0. 08-0, 20
GO0 13 0.17-0. 32 0.25+0.01° 0.05 20,47 0.23-0. 27
72 4 0.23~0.,44 0.32+0.05 0.09 28,75 0.16-0.48
80 4 0. &7-0.40 0.39+0.01 0.02 3.85 0. 36-0.42
S0 3. 0,41-0.45 0.43+0.01 0.02 4.84 0. 39=0, 47
100 7  0.31-0.59 0.,46+0.04 0.10 22.28 0. 36-0, 56
120 3 0.56-0.69 0.8654¢0.05 0.03 11.55 0.43-0.37
135 5 0,60~0."70 0.66+0.02 GC.05 7T.1l1 0.60-0.72
150 5 0.53-0.38 0.72+0.06 0.13 18,23 0.55-0.89
165 5 0.63-0, 93 0.77+0.05 0.12 15,32 0.63-0,91
180 5 0. 74-1, 023 0.91+0.06 0,14 14.89 0.74-1.08
210 6 1.00-1.16 1.06+0.02 C.06 6.04 1.01-1.11
240 5 1l.00~1. 38 1.2040.07 0.15 12.31 1.01-1.39
270 5 1.00-1.60 1.26+0.10 0.22 17.19 0.98-1.54
300 7 1.25=1.70 1.45+0.,05 0,14 9. 57 1.33-1.57
330 5 1.46-1.78 1.68+0.06 0.13 7.81 1l.51-1.85
-360 6 1.56-1.95 -1l.75+0.06 0.15 . 8. 57 1.60-1.90
390 5 1.47-1.83 1,64+0.07 0.15 9.18 1.45-1.83
420 5 1.78-2.05 1.90+0.05 0.11 ©5.99 1l.76-2.04
450 4 1.92-2.12 2,.01+0.04 0.08 4,10 1.88-2.14
480 4 2. 00-2, 31 2.14+0.07 0.13 6.04 @ 1.92-2,36
510 5 2. 00~-%. 30 2.14+0.05 0,11 5.12 2.00-2.28
540 4 2. 20-2,49 5.12

2e15-2.53

342



Appendix 26. Numerical data for the increase in the neck-
root length of Mz of the Skomer vole:

Age/ Sample

Range/ MeantS. L. s.D. V. Range/mm ,

days size mm 95% c.l.

5

7

10

14

17

21

24

30

35

42 : '

49 4 0.06-0.13 0.08+0.02 0.03 41,30 0. 02-0. 14
60 13 0.06~-0.18 0.12+0.01 0.04 36.23 0. 10~0. 14
72 4 0.14~0., 24 0.18+0.03 0.05 25.81 0. 08-0. 28
80 4 0.16-~0. 24 0.21+0.02 0.04 18.24 0.15-0.27
90 5 0.21-0.28 0.25¢+0,01 0.03 10,58 0. 22-0.28
100 7 0.21-0. 38 0.29+0.03 0.07 22.61 0. 22~0. 36
120 4 0. 27-0. 33 0.31+0.02 0.03 8.583 C. 25-0. 37
135 . 5 0. 24-0.48 0.33+0.04 0.10 29.43 0. 22-0.44
150 ) 0.32-0, 43 0.338+0.02 C.05 12,15 0. 320,44
165 5 0.22-0.64 . 0.42¢0.08 0.18 4£1.77 0. 20-0. 64
180 4 0. 46-0.60 0.55+0.04 0,07 12.38 0.42~0.68
210 6 0.41-0.74 0.58+0.05 0.13 22.73 0.45-0.71
240 5 0.50-0.83 0.69+0.05 0,12 17.62 0.556-0.83
270 5 0.50-1.00 0.73+0.03 0.18 24,38 0.51-0.95
300 7 0.60-0, 98 0.82+0.,05 0.1l3 15.22 0.70-0.94
330 4 0.87-1.10 1.01+0.05 0.10 10,33 0.85-1.17
360 6 0.88-1.43 1.11+0.09 0.23 20,31 0.88-1. 34
390 5 0.70~1.33 1.06+40.11 0.24 . 23,04 0., 75=1.37
420 5 0. 96-1.40 1.19+¢0.08 0,17 14,00 0.97-1.41
450 4 1.10-1.40 1.25+0,09 0,17 13.41 0. 96-1.54
480 4 1.15-1.73 1.34+0.13 0.26 19.67 0. 93-1.75
510 4 l.25-1.52 1.40+0.06 0.11 8.05 1.21-1.59
540 4 10.13

1.17-1.50

1.34+0.07

0. 14

l1.12-1.56

- 343



'Appendix 27.'

Mumerical data‘for the increase in the neck-

root length of ,1 of ‘the Skomer vole:

4

Range/mm ,

Age/ Sample Range Mean+S. E. s.D. v.
days size mm 95% c. 1.
5
7
10
14
17
21
24
30
35 B
42 5 0.00-0.12 0.03+0,02 0,05 173.85 0. 00-0,. 09
49 4 0, 05-0.15 0.09+0,03 .05 50,10 0.00-0.19
60 13 0.10-0.32 0,19+0.02 0.07 36,84 0.15-0.23
72 4 0.26-0.27 0.27+0.01 0.01 2.14 0.25-0.29
80 5 0.29-0.48 0.41+0.03 0.07 18.06 0, 33~0.49
90 5 0.48-0.58 0.53+0.02 0. 04 8.153 0.47~-0.59
100 - 7 0, 42-0.69 0.57£0,04 .10 17.88 0.47-0.67
120 4 C.60-0.83 0.73+0.,05 0.10 13.07 0.57-0.89
135 5 0.63=-0.89 0.73+0,04 0,09 11.18 0.67-0.89
150 5 0.78-0.87 0,83+0.02 Q.04 5.01 0.77-0.89
165 5 0.60-0.99 0.81+0.08 0.17 21.16 0.59-1.03
180 4 0.98-1.25 1.14+0.06 0.12 10.29 0,95-1.33
210 6 0.92-1.41 1.17+0.08 0.19 16.09 0. 97--1, 37
240 5 1.09-1.50 1.30+0.08 0.18 13.46 1.08-1,52
270 5 . 1.04-1.84 1.45+0.15 0.33 22.81 1.03-1.87
300 7 1.13-1.90 1.50+0.11 0.28 18.73 1.23-1,77
330 151 1.72-2.10 1.88+0.07 0.16 8.75 1.69-32,07
360 5 1.10-1.95 1.66+0,15 0.33 19.62 1l.24-2.08
390 _5 1.50-1.91 "1.74+0,07 0.16 9.25 1.55-1.93
420 4 1.50-2.40 2,08+0.20 0.40 19.11 1.44-2.72
450 4 l.86-2.46 2,26+0.14 0.27 12.00 1.81-2.71
480 4 2.25~2.80 2.51+0.12 0. 23 9.08 2.13-2.89
510 5 2.20~2.76 2.,42+0.11 0.24 9. 90 2.11-2,73
4 2.51+0.05 .09 3.70 2. 35=2.67

20 42—2. 64

=7
L%

44




Appendix 28, Numerical data for the inecrsase in the hcck—

root length of ,2 of the Skomer vole:

Age/ sample Range Mean+S. E. s.D, V. Range/mm ,
days size mm. 95% c. 1.

5

v

10

14

17

21

24

30

42 5 0.00-0.10 0,03+0.02 0,05 153.48 0. 00-0.09
49 4 0.07-0.10 0.08+0.01 0.01 17.68 0.06-0.10
60 13 0.10-0.30 0.21+£0.02 0.07 34.53 0.17-0.25
72 4 0.21-0.36 0.29+0.04 0.08 27.21 0.16-0.42
80 5 0.20-0.42 0,30+0.04 0,08 27.79 0.19-0. 41
90 5 0.33-0.64 0.45+0.07 0.15 33.58 0. 26-0.64
100 7 0.33-C.59 0.46+0.,05 0.12 26.54 0. 34~0. 58
120 4 0.48-0.65 0.56+0.04 0.07 12.68 0.43-0.69
135 5] 0.56-0,70 0.64+0.02 0.05 8.48 0.58-0.70
150 5 0.60-0.88 0.,76+0.05 0,12 16.24 0.62-0, 90
165 5 0.70-0.84 0,75+0.03 0.06 7.51 0.67-0.83
180 4 0.82~1.02 0.94+0.05 0,09 9.67 0.78-1.10
210 6 0.88-1.13 1.03+0.04 0.09 8.57 0,93-1.13
240 5 0.90-1.33 1.12+0.08 0.18 16.37 0.90-1. 34
270 5 0.89-1.55 1.23+0.13 ©0.28 23.10 0.87~1.59
300 7 1.05-1.74 1.33+0.09 0.24 18.07 = 1l.11-1.55
330 5 l.47-1.82 1.65+0.06 0.13 8. 08 1l.48-1.82
360 6 1.20-2.00 1l1.62+0.11 0.26 15.89 l.34~1.90
390 5 1.30-1.75 1.54+0.07 0,18 10.66 1.36-1.73
420 5 1.41-2.20 1.86+0.14 0,31 16.62 1.47~2.25
450 4 1.77-2.00 1.92+C.05 0.10 5,45 1.76-2.08
480 4 1.83-2.50 2.06+0.15 0.30 14.73 1l.58-2,54
510 51 1.94-2,50 2.20+0.11 0.24 10.74 1.89-2.,51
540 4 0. 14 6.08

2.06-2. 37

2.2610.07

2.04-2.48

345



Appendix 29. Numerical data for the increase in the neck-
root length of MS of the Skomer vole:

1.66+0.09

0.17

Age/ Sample Range MeantS. E. 8.D. V. Ronge/mnm ,
days size ‘Ntle 95% C. 1.
5
7

10

14

17

21

24

30

35 . :

42 -5 0. 00-0.08 0.03+0.02 0.04 123.83 0.00-~0. 09
49 4 0.04-0,17 0.10+0.03 0.05 b54.47 0. 00-0., 20

60 13 0.08~0.21 0.14+0,01 0,05 32.15 0.12-0.16

72 4 0.14-0.20 0.1810.02 0.03 15.71 0.12-0. 24

80 5 0.20-0.49 0.28+0.05 0.12 42.51  0.14-0.42

90 5 0.25=-0,40 0.29+0.03 0.06 21.48 0.231-0,37
100 7 0.21-0.52 0.,33+0.04° 0.10 30.22 0. 23~0.,43
120 4 0.30-0,50 0.40+0.04 0.08 20.41 0.27-0.53
135 53 0. 36~0.61 0.45+0.04 0.10 22.59 0. 34-0. 56
150 S 0.40-0.56 0.50+0,03 0.06 11.80 0.42-0.58
165 5 0.40-0.72 0.56+0.06 0.14 25.21 0.39-0.73
180 ‘ 4 0.60-0.80 0.67+0,05 0.09 13.43 0.49-0.83
210 6 0.65-0.86 0.75+0.03 .08 10.52 0.67-0.83
24.0 5 0.67-1.06 0.85+0.07 0.15 17.78 0.66-1, 04
270 ‘5 0.,70-1.26 0,97+0.09 0.20 20.5b 0.72-1.22
300 7 0.87-1.35 1.00+0.06 0.16 15.98 0.85-1.15
330 5 1.08-1.23 1.17+0.03 0. 06 5.15 1.09-1,25
360 6 0.80-1.53 1.22+0.13 0.32 26,02 1l.03-1,.41
390 5 0.90-1.30 1.17+0.07 0.16 13.99 0. 95-1.39
420 5 0.97-1.53 1.31+0.11 0.24 17.97 1.00-1.62
450 4 1.30-1.60 1.41+0.07 0.13 9.43 1.19-1.63
480 4 1,40-1.78 1.57+0.08 0.1l6 10,02 1.32-1.82
510 5 1.38-1.86 1.57+0.09 0.21 13.41 1l.32-1.82
540 4 1.51-1.90 10.21

1.37-1.95

34:6



Appendix 30, Numerical data for the .crown height of M
. the mainland bank vole: -

1of‘

0. 77+0.10

82.73

Age/ Sample Range lMeantS. E. 8.D. V. Range/mm ,
days size . 95% c. 1.
5 4 1, 37=-1.77 1.52+0.09 0.18 12.00 1.23-1.81
7 4 1.76=~1.95 1.85+0.05 0.09  4.98 1.69-2.01
10 4 2.24-2,.63 2.41+0.09 0. 17 7,00 2.12~-2.70
14 4 2. 70-2.87 2.82+0,04 0. 08 2.80 2.69~2,95
17 4. 3,02-3.29 3.11+0.06 0.12 4.00 2.92-3.30
21 6 3.12-3.30 3.23+0.03 0. 07 2. 05 3015=3. 3L
24 6 3.14=-3,43 3.2640.05 0.12 3.80 3e13-3,39
30 9 3.04-3,59 3.35+0.056 Q.16 4,82 3. R3=3.47
35 5 %.20-3,56 3.34+0.07 0.15 4,39 3.15-3.53
42 5 3.13=3,50 3,30+£0.07 Q.16 4,86 3.11-3.49
49 11 3.00-3.,39 3,18+0.05 C.15 4,65 3, 07-3,29
60 21 2.82-3.,29 3.06+£0.03 0.15 4,73 3.00=3,12
72 7 2.69-3,08 2.838+£0.07 0.18 6.39 2.71-3. 05
80 11 2.60-3.15 2.88+0.06 0.20 7.08 . 2,75=3.01
S0 7 2.60-3.00 2.78+0,08 0.16 5.89 2063-2. 93
100 11 2.30-2.88 2,64+0.06 C.19 7.25 2.01=2.77
120 11 2.20-2.78 2,51+0.06 0. 20 8.12 2.38-2.64
135 6 2.24-2,51 2.38+0.04 0.10 4,23 2.28~-2.48
.150 7 2,00-2.48 2.28+0.08 0.21 9,02 2.08-2.48
165 8 2.05-2.57 2.28+0.,07  0.19 3. 24 2.11-2.,45
180 12 1.90-2.59 2.2610.07 0.24 10.46 2. 11-2.41
210 17 1.70-2.49 2,056+0.086 0.24 11.42 1.93-2,19.
240 9 1.50-2.18 1.87+0.03 .24 12.97  1.69-2.056
270 8 0.,95-1.97 1.60+0.12 0.34 21.38 1.32-1.88
300 4 1.14-1.34 1.25+0.05 0.09 7. 32 1.09-1.41
330 7 0.95-1.37 1.204£0.06 0.1l5 12.83 1.05-1.35
360 7 0.88-1.55 1.10+0.09 0.23 20.47 0.88-1.32
390 4 0.77-1.18 0.931+0.08 0.18 18.94 0.63~1.18
420 4 0.80-1.29 0.91+0.13 0.26 28.47 0.50-1. 32
450 7 0.62-1.23 0.92+0.08 0.21 23.26 0.72-1.12
480 4 0.72-1.16 0.87+0.10 0.20 22.82 0.55-1,19
510 3 0.67-1.19 0.85+0.17 0.29 34.66 0.12-1.58
540 3 0.60~0.95 0.18 0, 34-1.20

5

47



Appendix 51. Numerical data for the crovn height of m2 of
the mainland bank vole: A

Age/ Sample Range Mean+S.E. S.D. V. Range/mm,
days size mm. : : 9oﬂ c. 1.
5 4 1.00~1.43 1.15+0.10 0.19 16.76 0.83=1,47
7 4 1.34-1.59 1.47+0.07 0.14 9,43 l.25-1.69
10 4  -2.,00-2.40 2.16+0. 09 0.18 8.562 1.87-2.45
14 4 2o 36~2. 58 2¢47+0. 05 0. 09 3,65 2.31-2.63
17 4 2.68~-2.95 2.77+0.09 0.13 4,51 2.48-3.06
21 6 2. 90=-3. 07 2. 9640, 03 0. 07 2.21 2.88-3, 04
24 6 . 2.82~3.16 2.99+0, 06 0.14 4,78 2.84~3.14 -
30 8 2.80~3. 25 5.04+0.05 0.13 4,41 2.92-3.16
35 6 2. 86~3.23 2. 99+0, 06 C.1l4 4,71 2.84-3.14
42 6 2.72-3.14 2. 98+0. 06 0.14 4,74 2.83-3.13
49 8 2., 70-3. 20 2.91+4+0.06 0. 17 6.01  2,77-3.05
60 17 2.64~3.11 20 8440, 04 0. 16 5.54 2.76-2.923
72 7 2.50~2.85 2.69+0. 05 0.13 4,89 2.07-2.81
80 10 2.50-2. 88 2.70+0, 04 0.13 4,77 2.61-2.79 ..
90 - 6 2.46~2.66 2e 5440, 03 0. 08 2. 97 2.46-2.62
100 11 2.23-2.63 244040, 04 0.14 5.99 2.31~2.49
120 8 2.17-2.52 26 38+0. 04 0.12 5,25 2. 27-2.45
135 6 1.85=2.35 2.20+0. 07 0.18 8.123 2. 028-2.38
150 5 1.95-2.22 2.08+0.05 0.11 5. 05 1.94-2,22-
165 6 2.03-2. 28 2.14+0, 04 0. 09 4,28 2. 04-2. 24
180 12 1.87-2.36 2.14+0, 04 0.15 T.1l7 2.05-2.23
210 17 1.67=2. 32 1.97+0.04 0.17 8.78 1.89-2.05
240 9 . 1.40-2.07 1.79+0.08 C.24 13,37 l.61~1.97 .
270 10 1.00-2.18 1.73+0.11 0.35 20.10 1.48-1.98
300 4 1.06~1.53 1.34+0.10 0.20 14.86 1l.02-1.66
330 7 1.00-1.42 1.28+C.06 .15 11.97 1.13-1.43
360 7 0.80-1.46 1.11+0.09 .25 22,70 0.89-1.33
390 4 0.81-1.20 1.03+0.08 0.1l6 15.74 0.78-1.28
420 4 0.78-1.25 0.96+40.11 . 0.22 22.45 0.61-1.31
450 7 0.72-1.27 0. 95+0..08 0.20 20.66 0.75-1.156
480 4 0,71-1.23 0.94+0.11 0.22 23.84 0.59~-1, 29
510 3 0.68-1, 09 0.84+0.13 0.22 26.11 0.28-1.40
540 3 0.62-1.11 0.25 0.23-1.43

- 0.83+0. 14

30.58




49

Appendix 32. Numerical data for the crovn height of Ms of -
. the mainland bank vole: '
Age/ Sample Range/ lMeantS. E. S.D. V. Rance/mm,
days size mm. ' : 95% Ceols
5
7 o
14 4 1.57-1.69 1.63+0.03 0. 06 3.48 1.53-1.73
17 4 1.94~-2.35 2.13+0.09 0. 17 8.09 1.84-2.42
21 6 2.12-2.55 2. 39+0. 06 0.15 6.11 2.24~2,54
24 6 2e 33-2, 58 2. 4840, 04 0. 09 3,52 . 38-2.58
30 8 2.40-2,82 2. 5910, 06 0.18 6.85 2.45=-2,73
35 5 2.60-~2. 95 2.70+0. 06 0. 14 .33 2 53-2.87
42 6 2.48=-2.72 2.61+0.03 0. 08 3.06 2. 53=2.69
49 10 2.16-2, 95 2.55+0.09 0.29 11.34 - 2.35-2.75
60 17 2.24-2,80 2.49+0.04 0.15 5.85 2.41-2.87
2 7 - 1l.92-2.41 2. 27+0, 07 0.18 7.7 2. 10-2, 44
80 11 2.00-2.50 2.251+0.05 0. 16 6. 92 2.14-2, 36
90 ° b 1l.20-2.,32 ~ 2.13+0.08 0.18 8. 23 1. 91-2.35
100 11 1.88-2.29 2.12+0.04 0.14 6.73 2.03-2.21
120 S 2. 00=-2.20 2.11+0.02 0.06 2.82 2.06-2.16
135 6 1.6C-2.00 - 1.85+0.06 0.15 8.14 1l.70-2.00
150 5 1.74-2.08 1.83+0.06 0. 14 7.86 1.66-2.00
165 6 1.68-2.05 1.82+0. 06 0.14 7.51 1.67-=1.,97
180 12 1l.62-2. 09 1.83+0.05 0.16 8. 74 l.72-1.94
210 17 1.30-2.07 1.73+0,05 0.22 12.99 l.62-1.84 -
240 o 1.25-1.85 1.57+0,07 0.22 14.09 1.41-1.73
270 11 0. 80~1.89 1.58+0.10 0.32 20.23 1.36-1.8C-
300 4 1.17-1.53 1.34+0,09 0.17 12.71 '1.05-1.63
330 7 0. 94~1.15 1.03+0.03 0.08 7.98 0.96-1.10
360 7 0.82-1.23 1.06+0. 06 .16 14.77 0.91-1.21
390 4 0.71-1.17 0.95+0.10 0.19 19.85 0. 63-1. 27
420 4 0.81-1l.14 0. 9610, 07 0.14 14.24 0.74-1.18
450 7 0.77-1.03 0.86+0.03 0.09 10.02 0.79-0.93
480 4 0.73-1. 25 0. 92+0.13 0.25 26.82 @ 0,51-1.33
510 3 0.'70~0. 84 0.78+0. 04 0.07 Q.10 0.61-0.95
540 3 0.76~1. 00 0.89+0. 07 0.12

13.55

0.59-1.19




Appendix 33.

the mdlnland bank vole:

Numerical data Tor the crown height of Ml of

Agé/ Sample

Range/ Mean3. E. S.D.. V. Range/mm,

days size mm 95% c. 1,
5 4 1.31-1.65 1.48+0.08 0.156 9.86 1.23-1.73
7 4 1.70-1.99  1.88+0.07 0.14 7.19 1.66=2.10
10 4 2, 87-2.79 2.60£0.12 0.23 8.95 2.22-2,98
14 4 2.90-3,15 3.03+0. 07 C.13 4.186 2.81-3.25
17 4 3. 20-3. 65 3.39+0.10 0.19 5.62 B3.07=3.,71
21 6 3.,47-3.76 . 3.62+0.04 0.1l 3.17  3.52-3.72
24 6 3. 25=3.75 3,550, 07 0.18 5.13 3.37-3.73
30 9 3.56-3.99  3.81x0.05 C.16  4.24  3.69-3.93
35 5 3. 70-4.23 3.90+0.09 0.21 5.30 5.65-4.15
42 6 3.60-4,24  3.92+0.09 0.23 5,74  3.,69-4.15
49 11 2,50-4.02 3.76+0.05 0.17 4.51 3.65=3,87
60 21 3,42-4.18 3.74+0, 05 0.21 5.58 3,64~3, 84
72 7 . 3.21-3.68 3. 48+0. 07 0.19 5.4l 3.31-3.65
80 11 3¢ 30-3.77 3.49+0. 05 0.17  4.97 3+ 38=3. 60
S0 -7 3¢ 10-3, 857 3.38+0.08 0.20 6.02 3.18-3.58
100 11 2.80-3. 35 3.11+¢0.06 C.,19 5.98 - 2,98-3.24
120 11 2.75-3.34  3.02+0.05 0.16 5.45 2.91-3.13
135 6 2,41-3.13 2.81l+0.12 0.29 10.41 2.50-3.12
150 7 2.45-3.233 2.85+0.11 0.30 10.36 2.58-3.12
165 8 2.70-3.02 2.90+0.04 0.1l 3. 95 2.81-2.99

10 11 2.31-2. 98 2.72+0.08  0.25 2.19 2.54-+2,90 .
210 17 2. 04-2, 97 2.42+0. 07 0.29 12.03 2.27-2.57
240 9 1.82-2.83 2.35+£0.11 C.32 13.51 2.10-2.60
270 11 1.60-2.70 2.34+0.12 0.41 17.38 2.07-2.61
300 4 1l.61-2.14  1.870.11 0.22 11.71 1.52-2.22

330 7 1.12-2.30 1.59t0.16 0.42 26,59 1.20-1.98
360 7 . 1.05=2.07 1.46%0.16 0.42 28.77 1.07-1.85
390 4 1.04-1.89 1.36%0.14 0.27 19.52 0.91-1.8l1
420 4 0,97-1.83 1.24+0.20 0.40 38.43 0.60-1.88
450 7 0.94-1.80 1.25¢0.11 0.30 24.11 0.©98-1.52
480 4 0.93-1.54 1.10£0.15 0.30 26,83 0.62-1.58
510 3 0.83-1.50 1.08%0.21 0.37 34.10 0.18-1.98
540 3 0.95-1.69 0.41 0.18-2.24

1.21+0.24

34.18




'Appendix 34, Numerical data for the crown 1ength of Mg'of '

the mainland bapk vole:

Mean+S. E,

540

0.71-1.45

34,60

Age/ Sample Range/ 5.D. V. Range/mm,
days size mm. 95% Co Lo
5 4 0.90-1.17 1.056+0.06 C.. 11 10.80 0.86-1. 24
T 4 1.30-1.50 1.43+0,05 0. 09 6.59 1.27~1.59
10 4 1.80-1.99 1.8940, 05 0.09 4,75 1.73-2.05
14 4 2. 25=-2.50 2.36+0.06 0.11 4,49 2.17-2.55
17 4 2. 60~2,99 2.74+0.09 0. 17 6,25 2e45~3,03
21 6 2.86~3.15 3.01+0.04 0.10 3.16 2.91-3,11
24 6 2. 83=3, 36 3. 02+0, 07 0.18 5. 97 S 843, 20
30 8 3. 003, 34 3.20+0.05 0.13 4,01 3. 08=3, 32
35 5 3.11=3.35 3.23+0., 04 C. 10 3. 20 Be12+3. 34
42 6 2.97-3.37 3.21+0.06 0.14 4,24 3. 06~3. 36
49 10 2.93=-3, 33 3.12+0.04 0.13 4,27 . 3.03-3.21
60 17 2.80~3.43 3.09+0.04 0.18 5,79 3. 013,17
72 7 2.66-3,05 2.83+0.05 0.14 4,97 2.71-2.95
80 10 2.63-3.00 2.83%+0.03 0.1l 4.02  2.76-2,90
90 - 6 2.68~2,93 2. 77+0, 04 0.10 3,68 2.67-2,87
100 11 2.20-2.76 2.59+0.05 0.15 . 5.95 2.48-2.70
120 9 2.40-2.70 '2.563+0,04  C.12 4,60 Be44=2,62
135 6 1.97-2.69 2.39+0.11 0.27 11.19 2. 11=2, 67
- 150 5 2.13-2.83 2.39+0.12 0.27 11.38 2.03=-2.72
1€5 6 2.18-2.55 2.38+0.06 0.15 6.18 2.23-2.53
-180 12 1l.92-2.57 2.35+0, 05 0.17 7.10 2e 24~2,46
210 16 1l.66=2.43 2.12+0.05 © 0.21 9. 90 2.01-2.23
240 -9 1.41-2.27 1.96+0.09 0.27 13.53 1.75-2.17
270 11 1.08-2.38 1.96+0.12 0.40 20.42 1.69-2.23
300 4 l.28-1.73 1.55+0.10 0.19 12.27 1.23-1.87
330 7 1.05-1.94 1.47+0.12 0.32 22.01 1.18-1.76
360 7 0.96-1.82 1.33+0.12 0.31 23.58 1.04~1.62
390 4 0.91~-1.46 1.19t0.11 0.22 18.88 0.84-1.54
420 4 0.83-1.40° 1.08+0.12 C.24 21.94 0.70-1.46
450 7 C.85~1.45 1.11+0.09 0.23 =20.87 0.88-1.33
. 480 4 0.85-1.30 1.05+0.10 0.20 19,38 0.73~1.37 .
510 3 0.71-1. 39 0, 96+0. 22 0.38 39.22 0.01-1.91"
3 1.07+0.21 0. 37 0.17-1.97

351



Appendix 35,

Numerical data for the crown height of MS of
the mainland bank vole:

O. 66-10 18

Ape/ SBample Range/ MeantS.E. s.D. V. Range/mm,
days size mm. ‘ ' 95% Co 1.
5
7
10 4 0. 91-1.27 1.03+0.08 0.16 15.7¢9 0.78-1.28
14 4 1.33=-1.59 1.46+0.05 0.11 7.61 1.27=1.65
17 7 1.43-1.97 1.63+0.08 0.20 11.97 l.43-1.82
21 6 1.97-2.28 2.12+0. 04 0.10 4,67 2.02-2,22
24 6 2. 00-2. 35 2.15+0.05 0. 13 6.19 2. 02-2. 28
30 8 2.20=8.58 - 2,36+0,04 0.12 5,10 2.87T=2.45
35 5 ReR23=2.55 2.38+0.06 0. 14 5.70 2.21=2.55
42 5 2.30-32.50 2.38%0, 04 0.09 3.58 2. 27=2.49
49 9 2.10-2,47 2.28+0,056 0.14 6. 05 20 16=-2,40
60 17 1.91-2.47 2.2240.04 0.17 7.46 2¢14=2, 30
72 7 1.73-2.29 2. 04+0.08 0.21 10.21 1l.84-2,24
80 10 1l.88-2.28 2.11+0.04 0.13 6. 02 2. 02-2. 20
90 6 1.86-2.13 2e 0440, 04 .09  4.58 1.94-2.14
100 11 1.61-2.15 1.89+0.05 . 0.16 8. 54 1.78-2, 00
120 9 1.72-2.05 1.86+0. 04 0.1l 5,68 1.77-1.95
135 6 1.54-1.92 1.73+0.07 0. 17 9.77 1.55=1,91
150 5 1.43-2.09 1.7240.11 0.24 13.88 1.41-2.03
165 6 1.63-1.88 1.77+0.04 0.10 5.91 1.67-1,87
180 12 1,.32-1.98 1.71+0.05 0.18 10.45 1.60-1.82
210 18 1.37-1.85 1.58+0.04 0.15 9.46 1.50-1.66
240 9 1.26-1.62 1.46+0. 04 0.13 8. 92 1.37=1.55
270 11 0. 93-1. 84 1.46+0.08 0.27 18.16 1l.28-1.64
300 4 1.07-1, 38 1.23+0.08 0.16 12.81 0. 98-1.48
330 7 0.85-=1.48 1.16+0.11 0.28 24.01 0.89-1.43
360 7 0.76=1.42 1.02+0.08 0.22 21.47 0.78-1. 22
390 4 0.84-1.12 1.02£0.07 0.13 12.77 0.80-1.24 -
420 4 0.78-=1.31 1.00+0.12 0.23 22.69 0.62-1. 38
450 7 0.65-1.08 0.88+0. 06 0.17 18.88 0.73-1.03
480 4 0.63=1. 34 0.9640.15 0.30 31.07 0.48-~1.44
510 3 0.60-~0, 90 0.71+£0. 10 0.17 23.62 0. 28-~1. 14
540 3 0. 94+0. 15 0. 26

0.29-1.59

. 352



Appendix 36.

the Skomer vole'

Numerical data for the crown helght of Al of

Age/ Sample Range MeanS. B, S.D. V. ‘Range/mm,
days size mm. C 95% Cole
5 2 1.58=1.59 1.59+0,01 0. 01 0. 44 1.55-1.68 .
7 4 1.84-1.99 1.93+0.03 0. 06 3o 24 1.83~-2.03
10 3 2. 32=2.43 2.38+0.03 0. 06 2. 39 2. 25=-2,51
14 4 2.85-2,95 2.91£0.02 0. 04 1.48 2. 85-2, 97
17 4 3.10-3.18 3.14+0.02 0. 04 1.23 3.08-3. 20
21 4 3.30-3.47 B3.38+0.04 0. 07 2.11 3. 25~3.51
24 4 3.42-3.53 3.49+0.03 0.05 1.43 30 39=3.59
30 10 3.50=3.77 3.61+0,03 0.09 2.40 3.54=3,68
35 8 3.52-3.90 3.68+0.05 0.15 3. 95 3.56~3.80
42 4 3.58-=3.97 3.74+0.09 0.17 4,41 Be4b=~44, 03
49 4 3.53=-3.67 3,61+0.03 0.06 1.61 3.51=3.71
60 13 30 133,75 B.46+0.04 0.15 4,40 3.37=3.55
72 4 3.21-3.,43 3.30+£0.05 0.10 2. 20 Beld=3,46
80 5 3.20=2.35 3.27+0.03 0.0C6 1.92 3o 19~3435
90 5 3.11=3,37 3.25+0.04 0.09 2.87 3. 14~3,36
1060 - 7 2.90-3.35 3.156+£0.08 1l.21 6.68 2. 95=3,35
120 4 2.77=3.06 2.94+0,07 0.14 4.7 2.72-3.16
135 5 2.52=3.03 2.81+0.09 0.20 6.96 2.56-3,06
150 5 2.30-2.28 . 2.73%0.12 0.27 10.02 2.40-3,06
165 4 2.556=-2.92  2.68+0.0C9 0.17 6.42 2. 39-2, 97
180 5 2, 33-2.76 2.54+0.08 0.18 7.07 2. 32=2.76
210 6 2.23-2.71 2.47+0,08 0.19 7.69 2. 26~2.68
240 5 1.77-2.48 - 2.11+0.14 0.31 14,790 1.72-2.50
270 4 1.51-2.27 1.9040.16 0.3l 16.36 1.39-2.41
300 6 1.44-2.15 1.85%0.11 0.28 15.21 1.57-2.13
330 5 1.47-2.02 1.71+0.09 0.20 11.82 1.46~1.96
360 .5 1.50-1.83 1.67x+0.06 0.14 8.40 1.50-1,84
390 5 1.45-1.93 1.641+0.08 0.18 11.02 1.42-1.86
420 4 1.03-1.45 1.29+0.09 0.18 13.90  1.00-1l.58
450 4 1.00-1.36 1.18%0.08 0.16 13.14 0.93~1.43
510 5 1.11-1.42 1.19+0.06 0.13 11.19 1.02-1.36
540 4 0.82-1.58 1.12+0.17 0.33 29.83 0.58~1.66

~y .
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Appendix 37. Numerical data for the crown height of M2 of -
: the Skomer vole: ' :

Age/ Sample Range/ Mean+S. L. S.D. V. Range/mmn,
days size mm. , ' 95% Cole
5 -2 1.20~-1.28 1l.24+0,04 C. 06 4.56 0,73=1."75
7 4 1.60-~1.68 1.63+0,02 0. 04 2e B2 1.57-1.69
10 3 1. 92-2.09 20110, 05 0. 09 4,23 1.79~2. 23
14 4 2.56=-2.68 2.62+0,C3 0.05 1.93 2.52-2.72
17 4 2.80~2,87 2.84+0,02 0.03 1.05 2.78-2.90
21 4 3.07=3.17 3.1.2+0.02 0. 04 1.35 Se 06-3. 18
24 4 3. 20-~3, 36 3. 26+0, 04 0.07 2.19 3.,13-3.39
30 10 3.20=3.43 3.31+0.03 C. 08 2.08 3. 243, 38
35 7 3. 30-3, 54 3, 38+0.03 0. 08 2045 BedL=3.45
42 4 3.23=3.58 3.341£0.08 0.16 4,83 3.09-3.59
49 4 Be 24-3. 36 3.30+0.03 0.06 1.86 3.20~3,40
60 13 3. 04~3, 39 3.20£0.03 0.12 3. 62 3¢ 135-3.27
72 4 3., 00~3.16 3.07+0. 04 0.08 2.46 2. 94~-3. 20
80 4 2. 90-3. 17 3.04+£0.07 C.13 4,28 2.88-3. 26
90 3 3. 00-3.10 3,03+0.03 0.056 1.91 2.90-3.16
100 5 2.73~3,19 2.91+0.09 0.19 6. 54 2.66~3.16
120 3 2.63=2. 85 e 77+0. 07 0.12 4,39 2. 473,07
135 5 2.46-2.75 2.62+0. 06 0.13 5,04 2.45-8.79
150 5] 2.50~2.80 257+0.10 0.23 3. 87 2.29-2.85
165 5 2. 38=-2. 98 2.59+0.12 0. 26 9,85 2. 26-2. 92
180 5 2. 30-2.68 2.44+0.08 0.18 T.49 2.22-2, 66
210 6 2. 00-2.45 26 25+0. 07 C.16 7.16 2.07-2,43
240 5  1.90~2.33 2.12+0,07 0.16 7.63 1.93-2. 31
270 5 1.50~2.64 2.01+0.1¢ 0.43 21.53.: 1.48-2.53
300 v 1.43-2.456 1.89+0.12 0.31 16,51 1.60-2. 1&
330 5 1.38-1.83 1.62+0.08 0.18 11l1l.26 1.40~1. 84
360 5 1l.30-1.90 1.60+0, 10 0.22 13.83 1l.32~1.88
390 5 1.45-1.89 1.67+0.08 0.18 10.48 1.45-1.89
420 4 1.00~1.57 1.31+0.12 0.24 18.45 0.93-1.69
450 4 1.04-1.17 1.13+0.03 0. 06 5.28  1.03-1.23
480 4 0. 90-1.29 1.09+0.08 0.16 14.65 0.84-1, 34
510 5 0.81-1.28 1.03£0.08 0.18 17.48 0.81-1.25
540 4 0.65-1.29 0.98%+0.14 0.28 28.66

0.53-1.43




Appendix 38. Numerical data for the crown height cf Mz of -

the Skomer wvole:

0.78-1.12

35

Age/ Sample Range/ Mean+S.E. S.D. V. Range/rm,
days size mn. 95% Ceole
53 _ :
7 1 0,56~ = 0,56+ =~ - .
10 3 1.00-1.19 1.10+0.06 0.10 8. 64 0. 84-1. 36
14 4 1.70-1.85 1.76+0.03 0. 06 3062 1l.66-1.86
17 4 2.00-2.19 2.1040.056 0.10 4,83 1.94-2.26
21 4 2.30-2.69 2.5340.08 0.16 6. 47 2. 28=2,78
24 4 2., 72-2.85 2.76+£0.03 0. 06 2.16 De 66=2. 86
30 10 2.72-3.05 2,87+0.04 0.12 4,09 2.78-2.96
35 8 2.80~-3,04  2.9240,04 0.10 3. 39 2.83-3.01
42 4 2.83~3, 05 2. 92+0.05 0. 10 3,39 2. T6=3. 08
49 4 2.72-2.93 2.794+0.05 0. 09 3. 37 2.63-2.95
60 13 2.60-2, 91 2. 76+0. 03 0.10 3,79 2.69=2,83
72 -4 2.60-2,76 2.69+0.04 0. 08 2. 84 2.506~2,82
80 S5 2.50-2.85 2.56+0,08 0.18 6.59 2.44-32.88
90 5 2. 43-2."74 2.58+0. 06 0. 14 5. 40 2.41=-2,75
100 7 2.44-2,68 2.57+0.03 0. 08 3. 29 2. 50~2, 64
120 4 2. 30=-2.51 20 37+£0.06 0.10 4,18 2.21-2.03
135 5 2¢12~2.50 2.29+0.08 0. 17 7. 37 2.07-2.51
150 15} 2.10-2.47 . 2.29+0.086 0.14 5. 923 2o 12=2. 46
165 5 2. 00~-2, 55 2.25+0.11 0.25 11.03 l.94-2.56
180 5 2. 00=2, 24 2.10+0, 04 0. 09 4,16 1.99-2.21
210 6 1.70-2.13 1.85+0.07 0.17 - 9.37 1.67-2.03
240 5 l.62~3.14 1.79+40. 09 0.21 11.64 l.54-2, 04
300 7 1.25-32,20 1.74+0.11 0.29 16.56 1l.47-2.01 -
330 4 1.32-1.565 1.53+0.08 0.15 - 9.49 1.28--1.78
360 5 1.17-1.89 1.51+0.13 - 0.28 18.43 1.15-1.87
390 5 1.13-1.82 1.51+0.14 0.3l 20.36 1.12-1.90
420 4 1.18-1.68 . 1.39+0.11 0.21 15.01 1.04-1.74
450 4 1.14-1.27 1.18+0,03 0. 06 5.29 1l.08-1.28
480 4 0.82-1.24 1.04+0.11 0.21 £0.51 0.69-1.39
510 4 0.75=1.17 0.99+0. 09 .18 17.75  0.70-1.28
540 4 1.00+0.08 0.15 15.20 0.75-1.25
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Appendix 39, Numericn] data for the crown height
- of the Skomer vole"

of IJﬁI of

Age/ Sample Range/ MeantS. 1. 8.D. V. Range/mm,
days size mn. . 95% c.1.

5 2 1.75-1.83  1.79+0.04 0.06 3. 16 #

7 4 2.00-2,08 2.03+0,02 0.03 1.48 1.97-2.09 -
10 3 De 4T=2. 583 2.52+0. 03 0.06  2.21 2. 39-2.65
14 4 3.02-3.156 3.10+0.03 0.06 2. 06 3. 00~-3, 20
17 4 3¢ 33=5. 36 3¢ 3440, 01 0.01 0. 38 3. 32-3. 36
21 4 3.40~3,68 3¢ 5940, 07 0.13 3,06 5. 37~3,8L
24 4 3.62=-5.836 3.74+0, 07 0.13 3, 34 3.58=3.95
30 10 3.75=3,99 3.89+0, 03 0. 09 2. 22 3.32~3. S5
35 8 4., 00-4, 26 4.08+0. 04 C. 10 2033 3,99-4, 17
4.2 4 4,114, 28 4,21+0,04 0.07 1.73 4, 08=4. 34
49 4 4,11-4.30 4.23+0, 04 0.C8 1.92 4,10-4. 36
60 13 3.90-4,37 . 4.07£0,04 0. 14 .42  B3,98-4.16
72 4 3. 90-4, 00 3.94+0.02 ~ 0.0%& 1.10 3.88-4,00
80 5 3. 80-4.09 3. 93+0. 06 0.13 3. 42 3,76=4.,10
90 5 3.62-3.90 3.78+0. 05 0.12 3. 06 3.64-3,92

100 7 3.40-3.80 3.59+0. 05 0.14 3.93 3, 47=3.7T1
120 4 3.40=3.51 3.45+0, 03 0.06 1.76 3. 35=3.55
135 5 3.22~3.66 | 3.43+0.09 0.21 5,02 3. 18=3, 68
150 5 3. 20=3, 30 35.26+0.02 C. 04 1.23 3. 20-3, 32
165 S5 3. 02=3,7H 3.26+0,13 ~ 0.29 8.¢3 2. 90-3.62
180 5 8.70-3.49 3.054£0.13 0. 29 9. 35 2. 69-3.41
210 6 2+ 40-3, 04 2.81+0. 09 0.22 7.97 2.58-3.04
240 5 2.16-3.00 26710, 14 0.32 12.03 2.23-=3. 06
270 5 1.95-3.21 2.54+0.22 0.50 19.77 1,93-3.15
300 7 1.80-3.23 245440, 19 0.50 19.57 2.07=3. 01
330 5 1.75=2.45 2.19+0.12 . 0.27 12.19 1.85=-2.52
360 4 2. 06-2. 30 2,180, 05 0. 10 4.50 2.02~-2. 34
390 5 1.92-2.62  2.28%0.13 0.28 12.21 1.92-2.64
420 4 1.40-2.60 1.8810. 26 0.51 27.08 1.05-2.71
450 4 1.13-1.99 1.59+0.18 0.36 22.42 1.02-2.16
480 4 1l.36=1.67 1.49+0.07 0.13 8.91 1.27=1.71
510 5 1l.32-1.89 1.52+0.11 0.24 16.05 1.21-1.83
540 4  1,05-1.78 1.42+0.15 0.30 21.32 0. 94-1.90

"% The 95% confidence limits were ﬁot attached to the mean

because the sample size was very small.
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Appendix 40, Numerical data for the crown height of M
the Skomer VOle'
Age/ Sample Range/ HeantS.E, S.D. V. Rande/mm,
days size mm. ' : 95% col.
5 2 1.20-1.28 1.24+0,04 0. 086 4.56 0,73~1.75
7 4 1.42-1.56 1.49+0.03 0.06 3.93 1.39-1.59
10 3 1.92-2.08 1.99+0.05 0.08 4,18 1.77=-2.21
14 4 Qe &7=2.66 2,54+0,04 0. 08 3. 28 2.41-2,67
17 4 2.70-2.87 2.81+0,04 0.08 2.79 200682, 94
21 4 3.03~3.18 3,10+0.03 0. 06 1.99 3. 00=3. 20
24 4 3. 20-3,28 3.24+0.02 0. 04 1.19 3.,18=~3,30
30 10 3.31~3.49 3.39+0.02 0. 06 1l.67 Be 34=34 44
35 8 3.40-3,70 3.53+0,04 0.10 2.87 Bobdm3.62
42 4 36 523,70 3.59+0.,04 0. 08 2. 20 3.46~3.72
49 4 3.40-3.75 3.60+0.08 0.15 4,05 3¢ 35-3.85
60 13 3.30-3.63 3.43+0,04 0.13 3.72 3.34~3,52
72 4. 3,26-5.44 3.35+£0.05 0. 09 2.57 3.19-3.51
80 5 3. 28-3,37 3.32:0.02 0. 04 1.29 3.26-3.38
90 © b 3.12-3,32 3.,23+0.03 0. 07 2. 30 3.15=-3. 51
100 7 2.91-3.34 3.12+0.07 0.18 5.92 2. 95=3, 29
120 4 2., 90=-3.,10 3.03+0.05 0. 09 2.87 2,87=3,19
135 5 2.72-3.07 2,97£0.06 0. 14 4, 84 2.80-3,14
150 5 2.72-2.96 2.83+0.04 0.09 3.29 2.72-2.94
165 5 2.55-3,09 2,83+0.10 0. 22 7.76 2e H55=3,11
180 5 2.50-2.94 2.69£0.10 0. 22 8. 32 2.41-2,97
210 6 2.47-2.87 2.59+0.06 0.15 5.71 2.44-2.74
240 5 1.90-2.68 2.38+0.,13 . 0.29 12.256 2.02-2.74 .
270 5 1.70-2.87 2.28+0.21 0.46 19.98 1.70-2.86
300 7 1l.64-2.48 2.14+0.10 0.26 12.06 1.89~2.39
330 5 1.70-2.39 2.,00£0.12 . 0.27 13.35 1.67-2.33
360 5 1.86=-2.49 2.06+0.1%2 0.26 12.51 1.73~2.39
390 5 1.66-2.15 1.97+0.08 0.18 9.29 1.75-2.19
420 4 1.40~2.09 1.68+0.15 0.29 17.35 1.20-2.16
450 4 1.33-1.69 1.50£0.09 0.18 11.83 1.21-1.79
480 4 1l.17-1.65. 1.38%0.10 0.20 14.55 1.06-1.70
510 5 1.00-1.58 1.2440.11 0.24 19.24 0.93-1.55
540 4 1.16+0.13 0.26 22.22 0.75-1.57

Oc 88-10 4:8

(&

Loy}




© Appendix 41l. Numerical data for the crown height

the Skomer vole:

of MS of -

-

1.13£0.05

. * The 05% confidence limits were not attazhed to the mean

because the sample composed of one animal only.

Age/ Sample Range/ Mean+S. L. S.D. V. Range/mm,
days size MM ' 955 c.1l.
5 - _ -

4 1 0,47= = Q.47+ -~ ¥
10 3 1.03-1.10 1.074£0,02 0. 04 3.54 0.98-1.16
14 4 1.35~1.68 1.53+0,09 0.17 11.07 1l.24~1.82
17 4 1.75~-1.89 1.81+0.03 0,086 3035 1.71-1.91
24 4 2.40~3.54 2.46+0.03 0. 06 2. 62 2. 36~2,56
30 10 2.42~2.79 2.6240, 04 0.12 4,44 ZeD3-2,7T1
35 8 2.71~2.88 2.77+0. 023 0. 05 1.86 2.72-2.82
492 4 2. 70~2,84 2. 79+0, 03 0. 06 2. 29 2e.562=2. 89
49 4 2. 77~2.88 2.80+0. 03 0.056 1.91 2¢70-2. 90
60 13 De60-2.83 2.71+0.02 Q.07 2.75 2.67=-2.75
72 4 2.52~2.76 2.64.+0, 05 0.10 387 2.438-2.80 -
80 - 5. 2.,20-2.75 2.59+0,10 0. 23 Q.78 2.31-2.87
20 . 5 2. 50~2. 67 2.57+0, 04 0.08 3. 20 2., 46=2. 68
100 7 D¢ 33=2. 64 2.45+0, 05 0.12 4,79 Do 33=2. D7
120 4 2.30=-2.47 2.40+0,04 0. O7 3,05 Ce 23-2,57
135 5 2.18-2.45 2. 37+0, 05 0.11 4,76 2, 23=-2.51
150 5 2.15-2.45 2.33+0, 05 0.12 5.15 2.12~2,47
- 165 5. 2.07-2.48 2. 30+£0.09 0. 20 8,67 2. 06-2.55
180 5 2. 05=2. 38 2.17+0,06 0.13 6.1% 2. C0-3. 3
210 6 2.,02~2.15 2.07+0. 02 0. 06 2. 68 2.02-2,12
240 5 l1.81-2.18 2. 0010, 07 0.15 Te37 1.81-2,19
270 5 1l.30-2.29 1.81+0.16 0.36 19.89 1.37-2.25
300 7. 1.20-2.28 1.87+0.13 0.35 18.79 1.55-2.19
330 5 1l.58=1.97 1.73+0.07 0.15 8.51 1.54-1,92
360 5 1,47-1.99 1.7040. 11 0.25 14.49 1.39-2.01
- 390 5 1.50-1.88 1.65+£0.07 0.18 9. 62 1.456-1.84
420 4 1l.30-1.89 1.52+0.13 0.26 17.33 1.11-1.93
450 3 1. 251,47 1.37+0.06 0.1l1 8. 20 1.11-1.63
480 4 1.02-1.59 1.30+0.13 0.26 20.23 0.89-1.71
510 5 1.08-~1.65 1.2510.,10 0.23 18.67 0.57-1.53
540 4 1.056-1,26 0. 09 7.54 0.97-1.29

(W3]

(e}
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Appendix 42. Numerical data for the increase in the dry

weight of th

vole:
The

single eye lens

e eye 1ens of the mainland bank

values represent the dry weight of a

Age/ Sample Range/ Mean+S3.E. S.D. V. Range/mg,
days size - mg. 95% Cole

5 4. 0.300-0.345 0,325+0.0033 0.0196 0.0602 0.2939-0. 3561

7 5 0.,420~0,450 0.430+0, 0063 0.0141 00,0329 0.4101~0.,4499
10 6 0.550-0.740 0.625+0,0309 0.0758 0.1212 0.5524~0,6976
14 4 0.815-0.885 0.839+0.0133 0.0320 0.0381 0.7947~0.8829
17 7 0,915=1.110 0.993+0, 0265 0.0702 0.0160 0.9279-~1.0577
21 9 1.085=-1.190 1.1556+0,0107 0.0321 00,0277 1,131%~1.1799
24 6 1.165-1.335 1.273+0,0246 C.0603 0.0474 1l.2156~1.3310
30 13 1.200-1.575 1.429+0,0329 0.1186 0.0830 1.3596~1.4974
35 5 1.535=1.630 1l.620+0.0274 0,0613 0.0379 1.5519~-1.6881
42 10 1.700-1.880 1.826+0.0210 0,0663 0.0363 1.7785-1.8685
4.9 11 1.880-2.200 2.034+0.0343 0.,1139 0.0560 1.9611-2.1071
60 21 1.825-2.5325 2.109+0.0320 0.1464 0.0694 2.0438-2.1738
72 v 5.150~2,495 2.531+0.0390 0.1033 0.0443 2.2412-2.4202
80 8 2.3%40-2.520 2.461+0.0325 0.0821 0.0374 2.3581-2.5545
90 7 9,315-2.595 2,501+0.0388 00,0874 0.038% 2.4180--2.5848
100 7 92,%70-2,805 2.613+0.0679 (0.1799 0.0638 2.4589~2. 7669 -
120 9 92,455-2,905 2.623+0.0546 0.1639 0.00625 2.5C45-2, 7421
135 6 2.505-2,950 2.702+0.0669 0.1640 0,0687 2.,5470~2,85064
150 7 2,510-2.910 2.736+£0.0641 0.1433 0.0524 2.6130-2.8584
165 10 2.650-3,140 2.868+0.0501 0.1532 C.05581 8. 76C6-2. 9754
180 7 2.810-3.260 3,041+0,0540 0.1431 0.0471 2.8943-3.1871
210 12 2,900-3.275 3,082+0.0334 0.1156 0.0375 3.0114~3.1520
24.0 7 3,000-3,300 3.138+0.,0359 ©.0851 C.C303 3.0664-3,2194
270 11 2.955-3.495 3,165+0.0475 0.1577 0,0498 3.0635-3, 2655
300 4 3,140-3.550 3.320+0.1002 0.2003 0.0603 3.0440-3,5960
330 7 3.045-3,730 3.459+0.0890 0.2358 0.0682 3.2566~3,6606
360 6 3,070~-3.940 3.488+0.1160 0.2842 C.03815 3.2159-3.7607
390 4 3,235-3,710 3,505+0,0930 0.1980 C, 0565 3.2321-3.7779 -
420 3 %,410-3,725 3,577+0,0915 C.1583 0.0443 3, 2557=3,8977
450 4 3,610-3,660 3.631+0.0116 0.0232 0.0064 3,5993-3,6633
480 5 3.200~3.910 3.622+0.1263 00,2829 00,0781 3. 3074~3, 9366
510 3 3,700-3.,220 3,793+0.0657 0.1157 0.03C00 3.5629-4, 0237
540 3 3.,275-4.040 3,633+0.,2224 0.3848 00,1059 2,8534-4,4132




Appendix 43.

360

Numerical data for the incrcase in the dry
welght of the eye lens of the Skomer vole:

The values represent the dry weight of a
single eye leng.

Age/ Sample Range/

days size

mg.

MeantS. E.

V.

Range/mg,
95%.0010

BSOS S U1 U101 =T 0101 0y U101 C O T UL OIS G I 00O W

> > G 0

0. 360 days
0. 400~0. 480
0. 560-0.670
0,720=~C. 895
. 205~0. 995
1.090-1.175
1.200-1. 220
1.350~1.470
1.580~1.695
1.740-1.890
1.880-2.120
2. 070-2. 585
2. 240-2. 430
20 280-2. 440
2. 425=2.730
2.440-2. 740
e 63D=2. 735
2.810-2. 330
2.660-2. 935
2.605-3.080
2.765-3.080
2. 910-3. 320
3.115-3.290
3.180-3. 545
3.25656=3.478
3. 370-3.650
3. 300-3.700
5.475-50650
5.450_50640
3.415-3. 800
3.530-3. 815
3.675=3.760
3, 5560-3.850

0.360+ —

0. 438+0. 0165

0. 58610, 0209
0. 83940, 0224
0. 94310, 0186
1.121+0.0C180
1.211+0. 0043
1.412+0, 0126
1.641+0.0132
1.824+0. 0324
1.979+0.0514
2.155+0, 0190
2. 3391£0. 0413
2. 380+£0. 0276
2. 564+0, 0527

'2.57140. C370

2 87940, 0227
2.748+0.C373
2.817+0. 0540
2. 896+0. 0857
2.953+0, 0564
3.15940. 0598
3. 20940, 0305
3.321+0.0621
3.372+0. 0276
3.486+0. 0522
3.501+0. 0669
3.569+0, 0339
3.545+0. 0530
3.650+0. 0830
3.680+0.0718
3. 722+0. 0171
3.675+0, 0746

0. 0330
0. 0458
0, 0443
0. 0371
0.057¢
0. 0085
0. 0398
0.0373
0. 0647
0. 1027
0. 0€86
0.0835
0.0619
0.1180
0. 0981
0. 0453
0.0835
0.1209
0.1¢19
0. 1263
C. 1466
0.0684
0.13292
0.0732
0.1170
0.14¢8
0. 0759
0.1060
0.1650
0.1436
C. 0332
0.1491

0. 0755
0.07386
0. 0534
0, 0291
0. 0338
C. 0070
0. 0282
C. 0227
0. 0355
0. 0519
0.0318
0. C357
0. 0260
0. 0460
0. 0381
0. 0169
0. 0304
0. 0429
0. 0663
0. 0428
0. G464
C. 0213
0.041¢
0. 0217
0. 0336
0. 0428
0.0213
0. 02299
0. 0452
0. 0390
0. 0103
0. 0406

P

0. 3850-0. 4900

0.5379-0, 6541
0.7676~0. 9100
0.8884-1, 0066
100609“101817
1.1976~1. 2250
1.6093-1.6719
1.7208~-1. 9268
1.8153-2.1423
2.1140~-2.1968
2. 2069-2. 4717

2.2033~2, 5567 .

2.4175-2.7105
2.4807-2.6621
2.06066-2.7510
2.06445-32.8517
2.6669-2. 9671
2.6578=3.1342
2.7962~3.,1098
3.0055=3.3129
3.1248-3.2908
3.1484-3,4936
3030453, 4397
3¢ 3409-3, 6311
3.3150-3.6870
3.4748-3.6632
3.37656=3.7135
3.3861-3, 9139

3.,4517-3, 9083

3.6745=3.7695

3,4378-3,9122

* The 95% confidence limits were not attached to the mean
becauge the only two values were similar. '



Appendix 44. Growth attained, expressed as a percentagé of -

of maximum growth of the different measurable

age characters in the mainland bank vole:

lower Jjaw length

Age/ "HB T E HRP gX ZB LJ
days :
5 44,41 23.73 23.81 46.62 £6.86 58.45 60,50
7 49.10 20.68 25.17 58.15 €2.31L 62.90 66.93
10 56,70 38.90 39.30 68.71 73,38 75,70 '75.42
14 60.94 . 47.95 57.07 80.48 75.64 75.63 79.15
17 67.35 59.71 €38.56 36.07 78.87 80.52 83.25
21 72.70 69.65 80.12 92.77 2.73 £3.03 85.81
24  73.82 77,07 79.37 '95.10 83.48 23.%0 84,49
30 75.99 T7.14 82.39 94.34 84.36 88.05 85.84
35 80,13 81.47 8l.18 95.69 87.25 87.63 £6,39
42 8l.42 84,22 83.67 ©S6.45 89.69 §8B.43 88.66
49 86. 65 93.31 87.83 99.83 22.03 ©l.15 £3.66
60 . 85.98 87.79 85.93 96.39 91.73 ¢©1.73 ¢S0.49
72 86.42 90.93 86.62 96.21 94.C5 92.24 91.00
80 89.61 89.85 86.62 94.83 04,83 92.60 92.98
20 88.99 88.76 9l.46 95.75 e4.47 52.02 91.37
.100 89.12 93.92 83.51 97.20 93.25 ©93.7To 91.51
120 91.91 ¢8.05 92.13 97.49 06,235 ©5.97 9©4.88
135 90. 00 Q3,09 95.24 97.02 c5.,9% ©5.03 $3.86
150 91.98 03,02 91.61 ©6.04 ¢7.03 ©8.13 97.65
165 G3. 75 05.04 92.06 93.48 €6.10 9G.33 ©95.25
180 91.78 - ©3.63 95.€8 97.90 05.64 U95.69 ©5,85
210 94,57 65,11 ©3.20 97.73 C7.23 TC6.483 05,76
240 93.88 100.00 96.98 100,00 C7.43 U6.52 97.22
270 96. 54 04.93  93.80 97,09 87.35 ©7.05 G7.51
300 96. 96 94.18 - 96.37 S6.91 98.62 S7.84 ©5.39
330  97.14 98,25 98,03 98.95 100.00 9%.83 G9.27
360 95.73 €7.42 96.15 96.45 ¢8.24 97.41 ©C7.66
390 96.71 95.69 ©8.,49 97.03 08.83 ©3.4%9 ¢9©7.95
420 08.29 05,97 99.77 97.32 100.00 ©9.35 100.00
450 . 97.95 94,72 92.24 96.74 €9.57 100. 00 97.95 -
480 97.11 c9.05 98.26 97.67 c8.07 ©8.92 98.98
-510 100. 00 ©3.81 100.00 98.66 89.71 ©%.28 G9.63
540 96.39 92.01 96.98 ©3.69 97.74 96.12 ©5.46
HB: head-body length
T : tail length
E : ear pinna length
HF: hind foot length
SK: skull length S
ZB: zygomatic breadth
LJ:

7

o

6l



Appendix 44.

Continued

. 562

22.99

Age/  BW  ELW Ry Rug R Clly Cifg
days
5 18,06 8.57 - - - 45.57  27.83
7 15.96 11.34 -~ = - 55.22  48.36
10 20.82 16.48 - = - 71.94  71.05
14 24.66 22.11 - - - £4.18  81.25
17 32.64 26,17 - - - 2.84  91.13
21  88.74 ©70.46 - - - 96.42  O7.57
24 40,77 83.57 -~ - - O7.81  98.36
50 50.42 37.66 . ~ - - 100.00 100.00
85 56.95 42.71 0.40 0.50 -~ 99.70  98.36
42 59,70 48.07 2.82 .43  2.41  98.51  08.04
49  59.85 53.62 6.05 6.86  6.43  94.93  95.72
60 62.39 55.50 10.48 9.80  8.43  91.34  93.42
72  73.65 6l.44 16.13 15.20 12.85  85.97  88.49
80 64.31 64.89 18.15 19,12 17.27  85.97  68.82
S0 - 65.80 65.94 20.97 20.59 22.49  82.99  83.55
100 73.12 GB8.88 23.79 25.00 22.89  78.81  78.95
120 74.36 69.16 28.63 50.88 27.51  T74.95  77.63
1385 68.88 71.22 51.85 34,81 84,54  71.04  72.37
150 70.95 72.13 B7.50 42.16 36.14  68.06  68.42
165 77.98 75.61 &7.10 41.18 55.74  68.06  70.59
180  68.19 80.16 40.73 39.71 89.36  G7.46  70.39
210 89.95 8l.24 47.98 49.51 46.18  61.49  64.80
240 74.36 82.72 60.08 58.33 57.03  55.82  58.88
270  88.50 83.42 62.25 60.29 55.42  47.76  56.91
500  90.61 87.52 75.79 75.53 71.08  B7.31 4408
330 95.76 9l.18 82.26 77.94 77.11  B85.82 - 42.11
360 93,36 91.96 87.50 82.35 . 83.13  52.84  36.51
390  92.46 92.40 88.31 88.2% 84.34  27.76  53.88
420 89.66 94.29 91.94 90.20 89.56  27.16  B31.58
450 100.00 95.7% 93.15 89.22 90.36  27.46 51.25
480 82.44 95.48 05.56 90.20 S0.36  25.97  30.92
510  94.41 100.00 100.00100.00 100.00  25.37  27.63
540 79.72 95.78 9O7.58 97.06  95.58 27.30

BW: body weight

ELW: eye lens weight

RMj: root length of M

CMp: crown height of Mi
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Appendix 45. Some additional notes on statistical techni-

ques employed.:

Another method was consldered to analyse the measu-
rable data of some of the characters ﬁsed ( the body weight,
head-body length, skull length, and the eye lens weight).
This method employed the logarithmic transformation as an
alternative to the arithmetic scheme. llcasurements were
converted to logarithms and plotted against age.

The resulting line was found to be two nearly recti-
linears (Fig. 56). The first goes up steeply indicating
fast growth, and the second was nearly horizontal because
of the slow growth during this stage of life. This effect
can be seen just as easily from the arithmetic pldts ’

(Fig. 4, page 31). 7

The data did not give a linear logarithmic relation-
ship, because the curve of growth is concave downward
whereas the logarithmic function assumes an'ever increas—
ing rate of growth (Simpson et al, 1960). Therefore the
logarithmic fransformationsvwere not used any more, and
data were presented using the arithmetic scheme, though
the mathematics of curvilinear functions are too complex

to permit as precise and detailed an analysis as one

might wish.

Simpson, G. G., Roe, A. & Lewontin, R. C. (1960). Quan-~

titative Zoology.'Harcourt. Brace and World, New York.
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Flg. 56. A diagram show1ng the relation between age
and logarithm of body weight of the mainland

bank vole.
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A scatter diggram which is the convenient way of dis-
playing results dogs not.give a réiiable way of deciding
whether there is a slgnificant correlation between two
varigbles. This is better explained statistically using
the correlation coefficient. The equation for r expresses
the relationship between the two variables in terms of the
varliances within each of them, and is a measure of how
nearly the observed measurements approximate to a straight-
line relationship. Time (age in the preszent study) can
be used as one varisble, as in this case there is no
particuiar reason why it should not (Bishop, 1974).

The correlation coefficient betweenvage and every
measursble character was given in the text.

Since the growth curves for most of the measurements
( body weight, body measurements, skull measurements, and
eye lens weight) show two components - an early phase of
rapid growth followed by a later phase of slow or no
growth—-, the correlation coefficient for each of these
variables was calculated up to the point at which the
change in phase occurs in order to show the rapid growth
in early ages. The corrélation coefficient then was
calculated for the whole.sample (from thé age of 5 days
to 18 months). This simple r has not been used in the
present study for subsequent analyses, such as the multi-
Ple regression analysis which was used for instance, by
Lidicker & Maclean (1969) for setting ageing equations

for Microtus californicus. It was used in the present

gstudy only to provide a rough indication of the degree
of correlation between each character and age.
The simple r value alone was not an acceptable index

of correlation with age because it assumes a straight-line
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relationship between parameters, yet all the measurements
obtained followed a curvilinear relationship with time,
(though Lidicker & MacLean appear to have used a simble
correlation coefficient, in a similar way as in the present
study). Moreover it does not adequatdy reflect how variable
each character is with age, thus the variability of each

of them was calculated and represented by the value of the
coefficient of variatioh (v). Again‘using v value alone to
compare the degree of correlation is also not enough
because:it does not give any idea gbout the correlation

of each character with age. It shows only how variable each
character is. Hence when making comparisdﬁs between diffe~
rent methods of age determination, both factors were taken -

into account.



