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Food Consumption, Preferences and Storage in the Mole
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Funmilayo O., 1979: Food consumption, preferences and storage in the
mole. Acta theriol., 24, 27: 379—389 [With 4 Tables].

Moles (Talpa europaea Linnaeus, 1758) were trapped in pastures
in south-east Scotland from March to August, 1969 and in January, 1970.
The weight of the stomach contents of each mole was determined. Sto-
mach contents were identified and earthworms and insect larvae were
weighed separately. The food preferences of the mole were determined
by comparing” the proportion of stomachs and soil samples containing
each category of invertebrates. Mole fortresses were examined for earth-
worm stores and the species distribution of earthworms in mole for-
tresses and in the local soils was compared. There were no significant
(P=0.05) monthly, sexual, age or local differences in stomach content
weight. Moles subsisted almost exclusively on earthworms and insect
larvae and the qualitative composition of diet was basically similar in
the sexes, in adults and juveniles and in the two localities examined.
The proportion by weight of earthworms in the diet was however
significantly higher (P=0.05) in January than in any other month while
insect larvae were relatively more important in the diet from May to
July. The proportion of stomachs containing different categories of in-
vertebrates corresponded with the distribution of invetebrates in the soil
indicating that the mole has no major preferences of particular food
items. Both captive and wild moles stored earthworms.

[Dept. Agric. Zool., School of Agric., Edinburgh EH9 3JG, Scotland].
1. INTRODUCTION

The mole subsists mainly on earthworms (Lumbricidae) and insect
larvae (White, 1914, Adams, 1920; Larkin, 1948; Godfrey &
Crowcroft, 1960; Skoczen, 1966). Godfrey & Crowcroft
(1960) stated that the proportion of earthworms and insect larvae in the
diet is fairly stable throughout the year but Larkin (1948) and Sko-
czen (1966) observed the consumption of more insects during the warm-
er months. These previous results were based only on the frequencies
of occurrence of food items in stomachs. In the present study, in addition
to the identification of stomach contents the weight of earthworms and
insect larvae in the diet was measured and compared between months,
sexes, adults and juveniles and localities.

Godf rey & Crowcroft (1960) and Skoczen (1966) have shown
that males have heavier full stomachs (empty stomach and stomach con-
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tents) than females on the average and in certain months and that food
consumption increases in females during lactation. The comparisons in
the present report are based on the weight of the stomach contents, rath-
er than on that of the full stomachs, because of the large variations with-
in and between males and females in the weight of the empty stomach
(Funmilayo, 1970).

Moles are known to store earthworms which MacDougal (1942)
suggested were caught during hard frost. Evans (1948) speculated that
the earthworms in stores were caught while crawling in the mole's
tunnels, but Skoczef (1961) emphasised that earthworm stores were
associated with winter nests and were collected during digging in mild
spells in autumn and winter. Different reasons have been adduced for
the preponderance of large earthworms in stores (Evan s, 1948; Sko-
czefi, 1961) which is partly why Raw (1966) has called for further
closer investigations on the storage of earthworms by moles. Obser-
vations on the storage of earthworms by both wild and captive moles
were made in the present study.

Folitarek (1932), Godfrey & Crowcroft (1960) and Me 11-
anby (1966, 1967, 1968, 1973) have suggested that the mole obtains its
food principally by gathering the invertebrates that fall into existing
tunnels and also by making fresh excavations both for immediate food
supply (Godfrey, 1955) and to expand the size of existing tunnels
to increase their productivity. The mole's methods of obtaining its food
indicate that a knowledge of its food preferences could be obtained by
comparing the occurrences of invertebrates in its stomach contents with
those in the local soils as was done by Kruishtal (1934). The food
preferences of moles in Boghall glen were examined during the current
study.

2. MATERIALS AND METHODS

Moles were killed with »Duffus« traps in three pastures in south-east Scotland.
One hundred and thirty-five moles were obtained in Boghall glen between March
and August 1969 while 46 others were killed in January, 1970 in Leip field and
Bilston field, separated by 25 km.

The date and site of capture and sex, of each mole were recorded. Each stomacn
was removed and preserved in formalin for 24 hours to harden the contents after
which the stomach was rinsed in water, dried on filter paper and weighed. The
stomach was emptied and the empty stomach cleaned, dried on filter paper ani
weighed. The weight of the stomach content was taken as the difference between
the weight of the full stomach and that of the empty stomach.

The stomach content was divided into categories: earthworms, insect larvae,
adult insects, earthworm cocoons, slugs and centipedes. All earthworms were weigh-
ed together after which small ones (Allolobophora caliginosa, A. chloroticc,
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Eisenia rosea and Dendrobaena sp.) which were swallowed whole and large ones
(Lumbricus  terrestris and Octolasium cyaneum) which occurred in stomachs in
recognizable pieces were identified. All insect larvae were weighed together and
then identified to families. Monthly, sexual and age variations in stomach content
weight and the qualitative composition of the diet were determined for moles
captured in Boghall glen, while local variations in these parameters were deter-
mined for moles captured in Leip and Bilston fields.

The food preferences of the mole was determined by comparing the frequencies
of occurrence of invertebrates in 165 soil cores taken in Boghall glen in May, 1969,
with those in the stomachs of moles killed in the same habitat during the same
period. The soil cores were taken with a cylindrical 10 cm. diameter steel soil
corer to a depth of 20 cm., the level of the deepest mole tunnels in most parts of
the study habitat.

The period of the appearance of new fortresses was recorded. Fortresses were
examined for earthworm stores in March and October, 1968 and in February, March
and May, 1969. Earthworms found in stores were identified (cf. Gerard, 1964)
and the proportional occurrence of each species in mole stores and in the local soil
populations was compared. The distribution and population density of earthworms
in the local soils were determined by extracting earthworms from 1 m? soil samples
with dilute formalin (Raw, 1959; Funmilayo, 1970). Observations on the storage
of earthworms and other relevant feeding habits were made during investigations
on the daily food consumption of captive rr>oles (Funmilayo, 1977).

3. RESULTS

3.1. Diet

Earthworms and insect larvae occurred in a high proportion of stom-
achs in all months confirming their importance as food sources to the
mole. There were considerable variations between months in the pro-
portion of stomachs containing individual families of insect larvae,
earthworm cocoons, slugs, centipedes and adult insects (Table 1). The
frequency of occurrence in stomachs may not give a true picture of the
importance of a food item in the diet. Thus, insect larvae occurred in
all stomachs in March and April but contributed less weight to the die™
than earthworms which occurred only in 89% and 86°0 of stomachs in
March and April respectively. The proportion by weight of earthworms
in the diet showed no significant monthly variations except in January
when it was significantly higher (P=0.05) than in any other month.
Insect larvae appear relatively more important in the diet from May
to July, the main insect larvae at this period being Tipulid larvae.
Noctuid larvae were large but usually few in each stomach. Elaterid,
Dolichopodid and Carabid larvae were found in many stomachs but
they were small and occurred only at one to five per stomach, there-
fore their small sizes and few numbers per stomach made them unim-
portant as food items.
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Table 1
Monthly, sexual, age and local variations in the

% No. of stomachs

Families
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March 1969 All moles 88.9 100 444 111 111 333
April 1969 All moles 86.4 100 59.2 50.0 27.3 50.0
May 1969 All moles 100 100 144 50.4 60.8 54.0
All moles 85.0 97.5 50 500 75 200
June 1969 Adults 84.2 100 105 68.4 105 26.3
Juveniles 85.7 95.2 - 33.3 4.8 14.3
July 1969 All moles 90.0 93.6 - 396 216 468
August 1969 All moles 100 100 - - - -
March to All moles 90.0 977 175 435 259 382
August 1969 Males 88.9 974 22.1 41.6 28.6 429
Females 90.9 981 111 463 222 315
Leip field 100 84.8 - 121 - 57.6
Bilston field 100 61.5 154 1.7 154
January 1970 All moles 100 78.3 43 8.7 22 457
Males 100 78.6 3.6 10.7 46.4
Females 100 77.8 5.6 5.6 15.6 4.4

3.2. Stomach Content Weight and Diet in Males and Females

There was no significant difference between months in the weight of
stomach contents showing that seasonal changes in soil conditions did
not affect the food consumption. The stomach content weight was
approximately equal in the sexes in each month and on the average
(Table 2). However the mean weight of the full stomach was signifi-
cantly higher in males (Mean £SE=6.7 +2.7 g.) than in females (5.4%
2.5 g.). This is because the empty stomach which could constitute from
10—90% of the weight of the full stomach was significantly heavier
(P=0.05) in males (0.98+0.17 g.) than in females (0.86 £0.20 g.) The
frequencies of occurrence of the main food items and the percentage
weight of earthworms in the stomach contents were similar in males
and females in all months (Table 1) indicating that the diet was basically
similar in the sexes.

3.3. Stomach Content Weight and Diet in Adults and Juveniles

The weight of the stomach contents was also similar in adults and
juveniles in both sexes (Table 2). The proportion of stomachs containing
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qualitative composition of the diet of moles.

containing
of insect larvae

Mean *
SE °/o wt. of
earthworms
% & 0 a in stomach
8 s contents
. > £ R
o 12 9 o] @r
8 O By o J
6a « B w-e W s
111 22.2 111 111 88.9 333 333 333 111 51.3+ 138
18.2 - - 18.2 31.8 727 9.1 18.2 45 45 546+ 79
50.4 - - 28.8 180 100 3.6 7.2 7.2 - 424 + 6.8
5.0 25 5.0 175 5.0 90.0 75 25 25 456 + 54
- 5.3 105 316 5.3 94.7 53 5.3 21.1 - 414 + 80
95 - - 4.8 4.8 85.7 9.5 - 4.8 - 502+ 84
3.6 . - 28.8 - 86.4 3.6 7.2 3.6 - 376+ 6.7
- - - 50.0 - 75.0 - - - - 775+ 198
16.8 0.8 3.1 23.7 31 88.5 8.1 7.6 9.2 15
24.9 1.3 3.0 234 104 90.9 7.8 7.8 9.2 2.6 534+ 6.7
5.6 - 19 241 13.0 85.2 8.4 74 9.2 - 494+ 6.3
455 24.4 24.2 6.1 636 6.1 9.1 889+ 40
38.5 23.1 61.5 154 96.2 + 6.1
435 174 239 4.3 65.2 4.3 10.9 925+ 51
42.9 28.6 25.0 36 714 3.6 71 R4+ 47
44.4 _ - - 22.2 5.6 50.0 5.6 16.7 926+ 53

each category of invertebrates and the proportion by weight of earth-
worms in the diet were similar in adults and juveniles (Table 1).

3.4. Local Variations in Stomach Content Weight and Diet

The mean (x SE) stomach content weight was 4.8+ 2.2 g. in Leip field
and 5.4+ 22 g. in Bilston field indicating that there was no significant
difference (P= 0.05) between the two localities. A few species of in-
vertebrates were found in one locality but not in the other but the
biomass of earthworms in the diet was similar in both localities (Table
1) indicating the basic similarities in the diet in these two localities.

3.5. Food Preferences

The six most common items of the mole's diet in the soil (earthworm
cocoons, earthworms, insect larvae, Tipulidae, Dolichopodidae and Elate-
ridae larvae) were also, except earthworm cocoons, the most commonly
encountered components of the stomach contents (Table 3) indicating
that suitable invertebrates which are distributed abundantly in the
soil are the ones most frequently eaten by the mole. However, in spite
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of their abundance in the soil, earthworm cocoons were seldom eaten
by moles suggesting that these were not a favourite item of the mole's
diet, maybe because they are small and immobile and therefore not
easily located. In fact earthworm cocoons were not eaten by juvenile

Funmilayo

Table 2

Stomach content weight (Mean + S. E.) in moles.

Month

March 1969

April 1969

May 1969

June 1969

July 1969

August 1969

March to
August 1969

January 1970

moles (Table 1). On the other hand Noctuid larvae were found in only
two soil samples but in a high proportion of stomachs indicating that
unless the method of sampling was unsuitable for this species, mole?
prefer this item of their diet, possibly because its large size makes it
easily located by moles.

Sex and Age

All moles
Males
Females

All moles
Males
Females

All moles
Males
Females

All moles
Aault males
Juvenile males
All males
Adult females
Juvenile females
All females
All moles
Adult males
Juvenile males
All males
Adult females
Juvenile females
All females
All males
Males

Females

Males

Females

All moles
Males

Females

Stomach Content
wt. (g)

I+ I+

WERONNON NNNNNEN BPNE WX Oww

COUIN U100 U1 N O WNON WNWRONRN O W WO Wi ol

(b e e o o e L o o S o b o P E A e

WUk N NNVW RPWOWDOO OUTTTUTWNN NRAN WOD  ©wio
)

POIOTROIROA ARNOICINE RAOAICITIC DUU AOIUT SO

PN NN

H+H+ I+ I+ I+



Food consumption in the mole 385
3.6. Food Storage

Fortresses were not built by all mole but only by some of those living
in deep soils. Where fortresses were not built, nests were placed under
relatively large mole-hills. New fortresses were built between the end
of December and early January.

Fortresses examined in March and October, 1968 and in March and
May 1969 did not contain earthworm stores indicating that wild moles
did not lay stores at these periods. All the fortresses (N=5) examined

Table 3

Percentage occurrencies of invertebrates in stomach contents of moles and in soil
samples in Boghall glen.

Invertebrates o/« No. of stomach °fo No. of soil
contents containing samples containing
Earthworms 98.0 62.0
All insect larvae 100 59.5
Bibionidae 28.6 45
Carabidae 449 4.0
Dolichopodidae 429 17.0
Elateridae 55.1 140
Empididae 34.7 55
Formicidae 2.0 05
Muscidae 0 7.0
Noctuidae 26.5 10
Rhagionidae 245 25
Tipulidae 89.8 30.5
Adult insects 10.2 15
Earthworm cocoons 6.1 76.5
All slugs 8.2 4.0
Arion  fasciatus 2.0 20
Agrolimax reticulatus 80 2.5
Centipedes (Geophilidae) 2.0 0

in February 1969 contained earthworms with healed, decapited and
mutilated bodies which indicated that the injuries were inflicted earlier
on when the stores were laid, presumably after October, 1968 when
last unsuccessful search was made.

The healed injuries showed that the pre-storage biting by moles will
not normally Kill the earthworms, the only two dead members of the
stores being uninjured (Table 4). The presence of both injured and unin-
jured earthworms in the stores suggested that some were deliberately
stored by the moles while some others wandered into the stores. Majority
of the larger species (Lumbricus terrestris, Octolasium cyaneum) and to
some extent the medium-sized species (Lumbricus rubellus,  Allolobo-
phora caliginosa) were injured while the smaller ones (Allolobophora
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chlorotica, Dendrobaena rubida and Eisenia rosea were uninjured (Table
4).

The species composition of earthworms in fortress stores corresponded
with that in the local soils (Table 4) which shows that moles gathered
their stores in the immediate vicinities of their fortresses. However, th<e
proportion of some species in the stores did not correspond with their
relative abundance in the soil. Thus, the larger species L. terrestris and
O. cyaneum, formed 6.8% and 6.1% of store populations but only
1.7% each of the local soil populations whereas a smaller species, L. ru-
bellus, formed 32.8% of soil populations but only 2.2% of store popu-
lations which suggests that the mole tends to store the large species
of earthworms.

Table 4

Physical conditions of earthworms stored in five mole fortressess and the pro-
portional occurrence of earthworm species in mole stores and in the soil pop-

ulations.
Number and physical conditions Per cent of
Species of Total Adults Immatures % % earthworms in:
earthworms number injured dead stores soil
A. caligniosa 270 209 61 815 04 83.1 457
A. chlorotica 1 1 - - - 0.3 9.5
D. rubida 1 1 - - - 0.3 17
E. rosea 2 2 - - - 0.6 4.2
L. cas+aneus 1 1 - - 100.0 0.3 0.6
L. rubellus 7 5 2 85.7 - 2.2 32.8
L. terrestris 22 12 10 90.9 - 6.8 17
O. cyaneum 21 17 4 95.2 . 6.1 17
All species 325 248 77 82,2 0.6 100.0 100.0

Moles kept in captivity between September and November 1968 muti-
lated and buried excess earthworms in the soils of their cages but they
eventually consumed their stores unless they are continously provided
with a fresh supply. The habit was first observed during investigations
into how 100 g. of earthworms fed to a captive mole at 9.00 a.m. disap-
peared totally by noon. Captive moles always preferred to eat first the
smaller earthworms which were consumed usually from the head end
and with their gut contents rejected. A fully satiated mole might still
consume a small earthworms but not the whole or any substantial pro-
portion of a large one except just to bite off the head region. The more
frequent consumption of the small ones relative to the large ones may
account for the preponderance of the large earthworms in the mole's
stores.
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4. DISCUSSION

The present results show that the mole subsists mainly on earthworms
and insect larvae which confirmed previous reports (White, 1914;
Adams, 1920; Folitarek, 1932, MacDougal 1942). The propor-
tion by weight of earthworms in the diet was equal in the two loca-
lities investigated. Major differences may however be found in the diet
of moles living in different localities. Thus, Funmilayo (1970) found
that the percentage weight of earthworms in the diet of moles captured
in December, 1967 to February, 1968 was significantly higher (P= 0.05)
in those from a domestic garden (Mean + SE=98.0+ 11.0%) and an old
upland pasture (84.0 £5.4%) than in those from a two years old lowland
pasture (62.1£9.0%) which was previously an arable land and therefore
probably relatively poor in earthworms.

The distribution of the major food items (earthworms and insect lar-
vae) in the stomach contents of the mole parallels their distribution in
the soil indicating that the mole has no major preferences for particular
food items and thus confirming the results of Kruishtal (1934). The
relative percentage weight of earthworms in the stomach contents was
more than 50% in four months out of seven. The significantly higher
(P=0.05) biomass of earthworms in the diet in January, relative to the
other months was probably due to more earthworms being obtained by
moles at this period. Extensive digging occurs at this period because
fortresses are being built while adult moles are enlarging their deep
permanent tunnel systems and juvenile moles are just establishing
permanent tunnel systems. The cold spell also drives earthworms deeper
into the soil thereby making them more available to the mole both in
its deep tunnels and also during the digging. This is also the period when
earthworms are stored in fortressess and, as suggested by Skoczeh
(1961), the earthworms found in stores probably owe their origin to the
excess obtained during digging and feeding.

The only group of insect larvae, Tipulidae, that could contribute sig-
nificant biomass to the mole's diet in the present study area occurred
in large sizes only between May to July, the period when insect larvae
were relatively more important than earthworms in the mole's diet.
From about May, when the soil was getting warmer, until July moles
dug mainly surface runs and shallow tunnels which were presumably
used to obtain insect larvae (Tipulidae) which were abundant in the
superficial layers of soil, hence the relatively higher biomass of insect
larvae in the mole's diet at this period.

The overall implications of the results on the diet and feeding habits
of the mole is that the mole consumes all the suitable invertebrates it
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could obtain in the soil. The composition by weight of the diet at any
particular time and place reflects mainly the relative biomass in the
soil of the different categories of invertebrates that make up the diet
and the relative ease with which the mole can obtain them.
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Oluwadare FUNMILAYO
KONSUMPCJA, WYBIORCZOSC | ZAPASY POKARMU KRETA
Streszczenie

Wazono zawarto$¢ zotgdkéw kretow (Talpa europaea Linnaeus, 1758), tapa-
nych na pastwiskach potudniowo-wschodniej Szkocji, od marca do sierpnia 1969 r.
i w styczniu 1970 r. (Tabela 2). Sktad pokarmu ustalono na podstawie analizy
treSci zotadkowej, wydzielajac z niej poszczegdlne gatunki dzdzownic i larw owa-
dow i wazac je.

Wyhidérczos¢ pokarmowa okre$lano pordwnujac skitad gatunkowy bezkregowcow
w zotgdkach i w prdébkach glebowych (Tabela 3). Rozkopujac kretowiska, stwier-
dzono robienie przez krety zapasow pokarmowych. Poréwnano sktad gatunkowy
dzdzownic w tych magazynach ze sktadem w otaczajacej glebie (Tabela 4). Nie
byto istotnych roéznic (P=0.05) w ciezarze treSci zotgdkowej (Tabela 1) i w ja-
kosci pokarmu miedzy zwierzetami towionymi w poszczeg6lnych miesigcach i miej-
scach, a takze brak byto réznic zwigzanych z picig i wiekiem kretow. Ciezar
dzdzownic w diecie tego gatunku byt jednakze istotnie wyzszy (P=0.05) w styczniu
w poréwnaniu z innymi miesigcami, natomiast larwy owaddw stanowity najwaz-
niejszy sktadnik pokarmu od maja do lipca. Zgodnos¢ sktadu gatunkowego w tresci
zotadkowej ze sktadem gatunkowym bezkregowcéw w glebie, wskazuje na niewiel-
ka wybidrczos¢ pokarmowg kretow. Zapasy robione sg zaréwno przez krety trzy-
mane w niewoli jak i przez ,dzikie".



