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E xam ination  w as m ade of individual variations in the digging  
activ ity  of m oles over the yearly cyclfe. W eather and biotope factors 
w ere found to exert a m odifying effect on the an im als’ activ ity . The 
m ean valu es, w hich characterize digging activ ity  over a 24-hour period, 
m ay (w ith certain lim itations) be used to estim ate the density of m oles.

[A gricultural Univ., Dept. Game M anagem ent, R akow iecka 26/30,
02-528 W arszawa, Poland]

INTRODUCTION

M any difficulties are involved when estim ating the density  of moles 
(Talpa europaea Linnaeus, 1758), the num bers of these anim als being 
assessed by catching them  in either snap-traps or live traps. The main 
difficulties connected w ith the trapping m ethod consists in defining the 
size of the area from which the captured anim als orignate and to achieve 
to tal cap ture  of all the animals.

The m ajority  of the estim ates so far published are, however, relative 
in character, since num bers the arrived a t on the basis of intensification 
of the  ex te rnal m anifestations of m oles’ activ ity  (volume of earth  throw n 
up, are occupied by molehills etc.; cf. K rystal, 1934; Turcek, 1965; 
Kuznecov, 1970 and others). As digging activity  m ay vary  g rea tly  in 
tim e and depends on the type of biotope in which the moles occur 
(Funm ilayo, 1977) and <on the age and sex of the individual (Godfrey, 
1955; Skoczeri, 1958) it is feared th a t estim ates of num bers based on 
m easurem ents of digging activity m ay not be very  accurate.

The purpose of this study was therefore to determ ine w hether single 
individuals vary  as to the ir activity over the  yearly  cycle, the extent 
of such variations and consequently to exam ine the possibility of using 
digging activ ity  for estim ating the density of moles.

STUDY AREA AND METHODS

The stud ies w ere carried out in the green spaces of W arsaw. A reas w hich  
w ere ex trem ely  isolated by buildings, road netw ork or ex ten sive  space free of 
other anim als w ere chosen, in w hich  prelim inary inspection had indicated  that 
they w ere occupied by one m ole only. At the sam e tim e w hen  choosing working  
stations endeavour w as made to obtain considerable d iversity  of soil codifions 
and degree of soil cover by vegetation . R epeated observations w ere m ade on each  
w ork ing  station  in order to check that only one individual did in fact occur
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there. If the anim al w as found to be active during the observations {e.g. throw ing  
up m olehills or form ing superficial tunnels) in one part of the w orking station , 
w ith  sim ultaneous absence of signs of activ ity  in other parts, and if a sim ilar  
result w as found several tim es, the area w as held to be occupied by one m ole  
only. If this w as not the case the station w as not used in further studies. The 
fact that this kind of segregation  w as correct w as revealed  by m oles from  tw o  
w orking stations being k illed  by dogs during the course of the studies proper, 
and no digging activ ity  being observed from  that tim e on the g iven  w orking  
station.

In addition in four cases single anim als of d ifferent w eigh t (from 55 to 100 g) 
and sex (three m ales and one fem ale) w ere released in areas form erly occupied, 
as show n by old m olehills, by these anim als.

T able 1
B iotopic description of w orking stations on w hich digging activ ity  was m easured.

No. of D escrip tion _____________ Soil conditions_________
w orking of Proportion of D escription of
station w orking Com pact- fractions of: pH in vegetation

station n ess1 G ravel Loam  KCL

1 M eadow 2 20.7 15.9 7.3 D ense grass cover m ea­
dow rarely m ow n

2 M eadow 2 15.0 16.0 7.7 As above
3 W asteland 2 L uxuriant ruderal v e g e ­

tation  occurring in  
clum ps

4 Part of 
park

4 37.3 8.0 7.7 V ery com pact law n  
frequently m ow n w ith  
clum ps of perennial 
plants

5 Part of 
park

1 31.0 9.0 7.2 Bare soil under trees, 
scanty clum ps of p e ­
rennial plants

6 Sports
ground

3 28.3 22.3 6.9 Grass frequently  m own, 
dense turf

7 Form er
allotm ents

1 15.0 8.0 6.7 Clumps of ruderal plants  
occur

8 Part of 
park

1 13.3 10.6 6.3 Very scanty grass under  
fruit trees

8 Part of 
park

4 19.0 9.5 7.4 Compact, frequently  
m ow n law n w ith  n u m e­
rous clum ps of bushes

10 Form er
allotm ents

1 Not very dense ruderal 
vegetation  infrequent
grasses

1 A rbitral estim ates according to fo llow ing  scale: 1 — very loose soil, 2 — loose  
soil, 3 — com pact soil, 4 — very com pact soil.

D uring the studies a total of 10 b iotopically  d iffering w orking stations w ere  
in u se (Table 1), each occupied by one m ole. The digging activ ity  of the individual 
occurring in each w orking station w as then estim ated, but before starting actual 
m easurem ents all the m olehills occurring there w ere m arked (either by p ieces  
of paper chopped sm all, granulated polystyrene, or sprayed paint). A fter 24 hours 
length and breadth (or diam eter) of all new  m oleh ills and superficial tunnels  
were m easured and marked. The w hole procedure w as repeated after further
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24-hour periods. In the control series from  2 to 10 m easurem ents w ere m ade on 
one w orking station. The above m ethod w as used  at each of 7 d ifferent tim es 
(cf. T able 2) to analyze from  2 to 8 w orking stations. In July, Septem ber and 
N ovem ber 1977 soil sam ples w ere taken in the v ic in ity  of the m olehills, at the 
sam e tim e as the latter w ere m easured. The sam ples w ere taken from  a depth 
of about 5 cm, and the percentage of w ater content found for each sam ple. The 
m echanical com position of the soil and its pH w ere also defined on the m ajority  
of the w orking stations.

RESULTS AND DISCUSSION

D uring the course of a y ea r’s observations, moles’ activity m easured 
by the size of the area occupied by throw n-up soil, was lowest in late 
au tum n and w inter, bu t for the rem ainder of the year it was m ain ta in ­
ed on a more or less sim ilar level (Table 2). Differences betw een

Table 2
Seasonal variations in the digging activ ity  of m oles-area occupied by throw n-up

soil (m2/day/anim al).

Inspection
date

T otal
Number of num ber of 

w orking m easurem ents 
station1 at g iven  

tim e

D igging  
activ ity  

m ean va lu e  
(S.D.)

C.V.
(%)

M ean C.V. 
w ith in  

w orking  
station  

(%)

July 1977 8 ' 100 0.2658 23.4 52.5
(1, 2, 4—9) (0.0623)

Sept. 1977 6 31 0.2287 41.0 29.8
(1, 2, 4 - 6 ,  10) (0.0937)

N ov. 1977 4 31 0.1518 54.6 50.0
(1, 2, 4, 5) (0.0829)

D ec. 1977 2 4 0.0981 22.6 141.4
(1, 2) (0.0222)

M arch, A pril
1978 3 23 0.2034 17.6 36.1

(1—3) (0.0358)
May 1978 4 25 0.2346 15.4 42.5

(1—3, 5) (0.0362)
June 1978 3 10 0.2411 15.8 26.9

(1—3) (0.0380)

1 N um bers of working stations from  Table 1 g iven  in brackets.

Septem ber and November 1977 and betw een December 1977 and April 
1978, calculated on the  basis of m ean values of all m easurem ents, are 
sta tistically  significant (in the first case 0.01 > p >  0.001 and in the 
second 0.05> p > 0.02). The causes of the decrease in activ ity  are pro­
bably to be found in the reduction in soil tem perature. Mean 24-hour 
soil tem peratu re  at a depth of 5 cm during the period of m easurem ents 
of digging activity was: Septem ber 1977 15.8°C, November 1977 5.4°C, 
December 1977, —0.1 °C, M arch 1978 10.2°C. Out of the 34 m easu­
rem ents made in November and December 1977 in 4 cases moles formed 
no new  heaps or superficial tunnels at all. Individual variations in
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activ ity  (during the series of m easurem ents w ithin one working station) 
were usually fairly  great, w ith a tendency to increase in such variation 
during the au tum n-w inter period (Table 2).

D uring the course of these studies investigation was made of the 
effect of hum idity  on the superficial soil surface on the moles’ activity. 
Coefficients of correlation for m easurem ents in July, Septem ber and 
November were positive (r was respectively: 0.44, 0.65 and 0.66). Cor­
relations obtained in Ju ly  and November proved to be statistically  
significant (0 .05> p> 0.02  and 0 .1> p> 0 .05), while the correlation found 
in Septem ber was not significant (0 .2>p> 0.1). The relations obtained 
indicate that moles’ activity  increases w ith increased soil hum idity.

In Ju ly  and Septem ber 1977 and in May and June 1978, th a t is, 
during periods when the average activity  of moles was sim ilar, calcu­
lation was made of the correlation betw een the proportion of gravel

Table 3
D ensity of m oles (N/ha) estim ated by digging activ ity , in different period

March, Apr. May Sept. Oct.

D igging activ ity  value
taken for calculation 0.2034 0.2346 0.2287 0.22871
Areas outside city
B iałołęka M eadows 4.3 5.8 2.6 5.3
M łociny Wood 1.7 2.0 2.8 3.1
Area on city  boundary
B ielany G rove 1.5 1.3 1.8 2.6
Urban areas Soviet
Soldiers C em etery-Park 1.5 0.6 0.6 0.5
Ł azienki Park 1.1 1.1 0.9 0.9

1 V alue identical to that in Septem ber taken for calculations.

and loam fractions (these fractions exhibited m axim um  variation in the 
biotopes examined) and the area occupied by the throw n-up earth . The 
coefficients of correlation obtained ( r = — 0.08 and r = —0.33) did not 
significantly  differ from zero (p>0.1) in either case, w hereas the relation 
between digging activ ity  and compactness of soil proved to be signific­
an t ( r = — 0.58, 0 .1> p> 0.05).

No confirm ation was found during these studies of M ellanby’s sug­
gestion (1967) th a t moles m ay not dig new  tunnels and throw  up hills 
for a long time. In the  above au thor’s opinion such situations occur 
frequen tly  when moles inhabit biotopes w ith an abundant food supply 
(invertebrates). The green spaces of W arsaw are abundant in earthw orm s 
(Jopkiewicz, person, comm.) but it was rare ly  found during the inspect­
ions made, th a t there  was no activ ity  among moles, such periods 
occurring only during the late autum n and w inter.

The fairly  low degree of variation in activity between working 
stations, despite their diversity (in the sense of soil conditions and 
degree of vegetation cover of the soil), suggest th a t the mean values 
obtained m ay be used to estim ate the density  of moles. The reproduct­
ion period has, however, been om itted as no data were available on 
the digging activ ity  of gestating and lactating females or very  young
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moles. It is clear from  m aterial (12 females) collected on a d ifferent 
occasion that the first gestating fem ales appear in W arsaw tow ards 
the end of May, the m axim um  of pregnancies occurring in June and 
July , and almost all young moles have become independent by the end 
of August (Goszczyński, unpublished data). In addition to these three 
m onths (June—August) the w inter period (November—February), during 
which variations in activ ity  are very  great, w as also om itted. Data 
obtained during the rem aining period were used to estim ate the density 
of moles. M easurem ents were made of the m oles’ activity  (in accord­
ance w ith  the m ethod previously described, but modified by m easure­
m ents being made at 2-week intervals) in selected urban green spaces 
in W arsaw  and in suburban areas. The resu lts  obtained (Table 3) 
indicate tha t the  density  of moles is from  1—6 individuals/ha. Density 
is low er in the tow n than  in suburban areas. It m ust be added here 
th a t in m any city parks, especially small ones, moles do not occur at all.

P re lim inary  resu lts point to the possibility of using m easurem ents 
of digging activ ity  to estim ate the density  of moles at least during the 
spring and autum n periods. Mean values describing the activity  of one 
mole should be estim ated under d ifferent soil conditions from those 
occurring in W arsaw. It is also necessary to give greater consideration 
to w eather conditions {e.g. the effect of tem peratu re  and soil hum idity 
etc.) which may, as has been shown, m odify the m oles’ activity. 
Decreased digging activ ity  as the resu lt of a mole m aking use of neigh­
bouring tunnel system s (group effect) should not be expected as the 
mole is an anim al w ith strong te rrito ria l characteristics (Stein, 1950).
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