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ABSTRACT

o " - ’ ' -~
The relationship between the density of molehills (number
of nolehilis/loo‘-z), and the habitat of the.coast mole were
determined for 10 fields in the Lower Mainland of British
Columbia. Some pfoperties of the soil at depths of 10 and 20 -
cm, and the abundance of earthworms in the moles' habitat were

considered. N

'Study plots containing molehills had significantly (p< .05) -

higher soil moisture, higher water content at 10 ci?\}ower
bulk density at 10 cm, less air space at 20 cm, and ah\;;;ost
qsignifiqantly (p= .06) heavier mean weight of worms than plots
without molehills. The\number ofbﬂolehills was‘significantly
and positiveiy correlated with the mean ahd total weights of
earthworms in the plots, negativeiy with soil bulk density,
positively with soil moistu at 10 cm, positively with soil
water content at 20 cm, aﬁgéiositively with soil pH at 10 q;ej\\
The relationship betweén the density of molehills and the
physical characteristics of|the soil was examined for seasonal
vari:tian in three fields. / The number of molehills in the
study plots was significantly'and negatively correlated with

the bulk density of the soil in summer, autumn, epd spring,

and with soil air space at 20 cm in spring. In winter,

possibly because of the higher sbil moisture at that time, x:g“

there was no significant correlation between the bulk densit
of the soil and molehill density. The distribution,nf\role-/

hill numbers also changed seasonally. *Moles dug over a greater

iii
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number of areas in autumn or winter than in the swamer, possibly
because of‘incr;ases in soil moisture. B

~ The recruitment (immigration plus reproductlon) in a coast
mole population, and the movemen%{‘of a single’ coast mole -
were also studied. . Moles d1d not push up hills in” certain
plots because the habitat was unsu and not because of
a lack of individuals to fill, or 1h:>bquate dispersal ab11-‘
ities to enter, the plots of the size/used*to_determine habjitat
preferences. t

~ A field experiment demonstrated that Ennik's (1967) con- \\
clusion that nitrogen fertilizer reduces the number of molehills
in a giVen afda requires qualification. ‘A laboratory experi-
ment demonstrated thatlnitrogen fertilizer‘dogs reduce soil
pH and hepce the wéights of earthworms. Thus it may, under
" certain field/;onditions, indirectly reduce molehill.numbers.
The number of molehills pushed up within three mole

territories was significantly and positively correlated with
soil moisture and pH over time within one summer's observations.

No correlation was fownd between molehill densities and the

concentrations of O, and CO, in the tunnels. The highest

2 2
level of CO2 found in a tunnel was 5.5%, and the lowest level
of 0, was 14.3%. The concentrations of both gases in the

tunnels followed .those in the air spaces in the adjacent soil.

Concentrations of 0, were significantly négatively correlated

with soil moisture, CO, positively.

2
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' Chapter 1. ~ Introduction ,/}

Habitat selection has been defined as "the repertoire of
behavioural respdnses to environmental stimuli by means of
which an animal locates its preferred habitaf“—(Meadows and
Campbell 1972). The concept of habitat selection is sinpleE
An animal lives in an environment which best suits its needs.
The biological conditions however, are complex. Animals live
in environments consisting of three main components - chenical
(e.g. oxygen, salinity, macromolecules), physical (e.g. light,
gravity, pressure, temperatu}e, substrate characteristics),
and biological (e.g. intraspecific and interspecific factors)
- and are affected by many of the interactions occurring be-
tween these components.

Habitat selection also depends on the ability of an animal
to assess and respond to different environmental factors. For
example, an animal may be able.to detect changes in pH as
small as 0.1, yet may not respond to differences less than
1.0. An animal choosing between habitats differing in pH will

thus not prefer one to the other unless it is able to detect

.the difference and, furthermore, does not tolerate its pre-

sent circumstances. Two additional aspects of habitat selec-
tion theory must be considered. First, the animal may be
exposed to only a limited number of habitats. Its choice does
not necessarily represent the optimum habitat for the specieﬁ.

The animal presumably chooses the best among those available.

-
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' "Secondly,it is necessary to consider the differences‘be-
tween preference limits for a species, environments whe}e
individuals of a species undergo physiological change;_and lethal
limits for a species. - Preference limits can be regarde& as

the range of habitats within which most individuals of a species
may be found. Outside these limits are extreme environments
where some individuals can still survive but undergo a degree

of physiological change. Finally, there are environments in
which the habitat characteristics (e.g. pH, oxygen, tempera-
ture) are lethal to all members of the species.

In the literature, studies of habitat selectiggbare more
common for invertebrates than for_vertebrates. The number of
factors involved in habitat selection for most vertebrates is
considerable and their effects are most easily determined under
cqntrolled laboratory conditions. The natural habitat of a
mammal, for example, is gengrally difficult to reproduce experi-
mentally. Even if most of?ihe conditions could be s%mulated,
the normal home range sizes cannot be duplicated in captivity.
Such restrictions have confined studies of lethal limits of L\
mammals to simple'lab¢¥§tory experiments (e.g. Harris 1952)Tor
to work in field enclosures (e.g. Wecker 1963). 1In situ stﬁaies,
while more comprehensive, are not as rigorous (e.g. Hardy 1945,
Pruitt 1953).

Habitat selection studies in birds have concerned them- .
selves mainly with nesting, avaif;bility of food, and lethal

climatic-conditions (Klopfer and Hailman 1965). As Lack

(1933) pointed out, such studies fail to acknowledge the in-

A
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stinctive nature of habitat selection. He mentions severil
examples in which a species is not found in a habitat witﬁ\\—«/”a\
acceptable food supply, ngsting conditions, and climate. Lack
suggests that the reason for their ;bsence is th;t individuals

of the species instinctively recognize the habitat as unsuit-

able because it is occupied by anothery species.better adapted

to it. It is, therefo;e, other species of birds,-ﬁnd pot an
unsuitable physical environment, which is important in such

cases (Lack i933).

No comprehensive study of habitat selection in moles has
been published. Most accounts of their habitats are based on
cagual observation (Mellanby 1971); Two papers, however,
report their preferred habitats for moles from more detailed
studies. Milner and Ball (1970) studied the general habitat

of the European or common mole (Talpa europaea L.) in Snowdonia

(North Wales).”? They concluded that moles were less numerous in
rocky or stony soils, and preferred freely drained areas with
a pH greater than 4.0. Arlton (1936) described the optimal

habitat of the eastern mole (Scalopus aquaticus L.) as soft soil

“with humus, moisture, %§9 food. He mentions that moist \soft

- soils permit tunnelling. A mole leaves an area if the s
becomes dry and hard and worms are found at some depth. In
experiments, moles showed no preferences when presented with
soils varying in moisture content (Arlton 1936). K

Moles (Talpidae) are found throughout most of the world

(Walker 1964). The common mole of Europe and Asia has the

wides istribution and probably causes the most agricultural
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/damage. All moles are fossorial i.e. they spend most of their

/lives underground. Their diets ‘consist mainly of soil inver-
tebrates. Vegetable maiter, usually in the form of plant roots,
is sometimes eaten by some species.

xThere are two sp?cies of moles (Subfamily Scalopacinae)

- \,//4“
found in the Lower Mainland 'of British Columbia. These are

the Townsend mole (Scapanus townsendii Bachman), an®”the coast

mole (S. orarius True). The Townsend mole is the larger of
the two, adult males reaching an average length of 20 cm (Cowan
& Guiguet 1956). It eats mainly soil invertebrates but its
diet can commonly_include 46% vegetable matfer (Moore 1933).

It is considered to be aa”ggricultu}al pest in the northwesiern
United States, the dama%e in 1 Oregon county being estimated

at $10d,000 annually (Wick 1961). 1In B.C. it is found only
locally in a 5-square mile (ll.kmz) area arouﬁq/éuntingdon
(Cowan and Guiguet 1956) and it is therefore of‘liftle economic
importance in Canada.

In B.C., the coast mole occurs as far weast as Hope and
north to the Coastal ﬁountains. It is not found on ahy of the
Gulf Islands or on Vaﬁcouvef Island” (Cowan and Guiguet 1956).
Its habitat is restricted to agricultural areas and it is
generally not found above an altitude of 1,000 feet. Within
the species' range in B.C. it is found in almost all types of
soils - glacial til}, alluvial clay, sands, gravels, and river
deposits. It ranges in numbers\from about 4/ac ( 9.88/ha) to
1/35 ac (1/14,17ha) The biology of this species has been

/
i
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studied by Glendenning (1959) and his findings will bebbfiefly
summarized below. ) .
The coast mole is territorial throughout most of the year.
Around Octobér moles which have been living in cultivated
fié ds move into heavily sodded grasslands which are their
favourite habitat. Digging is most frequent from October-
March durinngﬁich time one mole may push up from 200-400 hills.
Tunnels are constructed at three different levels. Surface
tunnels are made just below the surface of the earth and are
usually used onlf\pnce while the male is hunting, during dis-
pefsal, or while f;;ding a mate. Most of the regular hunting
tunnels used daily are built at a depth of 15-20 cm. They
serve as an extensive pit trap (Mel{anby 1967) into which earth-
worms (Lumbricidae) and other invertebrates enter and are ,
- caught. A deeﬂ%r sygiem of £unnels is constructed dprihg dry
wegther while moles are searching for food, usually at a depfh
of l—éjw. 7 ‘ w\J~) \\\\
Each territory of the coast mole is occupied by only one
mole. When this mole is removed no new hills appear. The
tunn@ls excavated b§ the occupant are circular or slightly
vertically flattened, about S émr;n diameter, and‘contain
small chambers about 10 cm in'diametér approximately every m.
Moles dig with their forepaws which have strong claws. Soil
is pushed to the surface of the‘ground at vario intervals
along the tunnels. Diré.from thq deeper tunﬁ‘ls:;s voided

through other tunnels. A detailed description of }\ow the

coast mole probably d1gs is found in Skoczen (1958).



The coast mole mate§ from early Januéry to ea;ly March.
L Males construct long tunnels (marked by 1arge,4wide1y-separat

hills) t; nearby territories in search of females.” Females \\\\
may _expand fheir‘territqries at this time is the case for
the eastern mole (Harvéy 3576). Females construct a nest out
of dried grass in a chamber about 15 -cm belg the surface. The
nest of thé‘coast mole is Pot marked by larg moundg of dirt

- as are fodﬁd-for the European (Godfrey and Crowfoot 1960) and
Townsend (Kuhn et al. 1966) moles. About 2-4 young are born
from the end of February to the end of April. They remain in
the nest for about 3 weeks, forage in the female's ferritory

i

for another few wegks, and are then forced to disperse.
: 5 -~

. ’ . - ~ ’
The principz? prey of coast moles are earthworms which .
h

comprise 93% of eir diet. rthropods, molluscs, and other

soil invertebrates are also eaten. Caged adults may eat

g™ Ry D

nearly twice their weight in earthworms daily i.e. 100-150 gm
wet feight, which represents upwards of 100 worms. In addi-
tio(&to nourishment earthworms also provide the mole wi}h

water.

Moles live up to 3 years in the wild. Abod;NQS% of a~ C
{/A\\\)natural population studied by Glendenning (1959) co%sisteddz’—\\\
" of adults over 1 year old. Adult male coast moles are about

16 cm long and weigh about 74 gm; adult females average 15.7
cm and 70 gp. |

Moles were once thought to be beneficial to agriculture
by improvinf the aeration and drainage of the soil, destroying

/
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harmful soil insects, and ci}culating soil miherals;(AbaturOV'

" 1972, Dé‘?la 1950). These benefits have been‘suppianted by

T~ . .
modern agricultural practices and moles are now considered to

be pests.

They still undoubtedly consume cutworms, weevils,

. AN Sl :
larvae, root maggots, wireworms, and white grubs, but do not

reduce the populations to an appreciable extent.

Some of the types of daﬁage caused by moles is listed!

below (after XKuhn 1970):

/7

——

3
—

2)

3)

h

4)

I d

5)

. 6)

7)

whiie tunnelling they uproot seedlings killing them
directly, and expose their roots to.frost and drought,
tunnels are occupied by meadow voles (Microtus sgﬂf)
which eat :>§B§ed roots. and bulbs, )
moleRills can cover and thdg-kill up to 10% of a
sward in a territory.

molehills ruin farm machinery,

molehills-sometimes cause soil erosion,

molehills are breeding grounds for weedy plant
species which invade the pasture and dilute the
sward, - | e \

hay and silage may be contaminated jith dirt and

Y/

s

curing retarded, and, -

lawns may be damaged and Epe turf undermined.

MoTes have no natural enemies which consistently prey

' 4
on them exc:ga for owls and cats which capture the disper-

ing young ip/spring (Giger 1965, Cowan 1942, Southern 1954).

Otherwise moles seem to be lim{teg;only,by their food supply

Ve
\
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“and the area of suitable habitat. Severe frost does hof(appear‘ 4
to reduce mole numbers. Flooding from exceptionqliy heavy

-rain and spring run-off causes some nortélity but this is in-~
significant (moles are good swimmers (Reed'and,Riney 1943),

and only die under these situations because of earthworm mor-
tality and not because of drowning). |

A few species of fleas and mites have been found on moles

(Fain 1969, Fulley H42, Jurik 1968) and several species of

Tl 1y i RS

nenatoges have been found in their stomachs (Cameron and Par-
nell 1933, Frankland 1959, Furiaga 1958; 1959). Neither the
internal nor the external parasités appear to harm their host.
Thgrefore-it saems unlikely that a means of biological control
fpﬁ the mole will be found.

- Poisoned baits; oisoq gases, soil fumigants, pesticides, ,
and land husbandry ;;Egkﬁques have been largely unsuccessful in H//
controlling the coast mole, although land husbandry may have -

some effect (Glendenning 1959). Kuhn (1970) has successfully .

used dry pelleted baits containing 1% thallium sulfate to con-

trol the Townsend mole. Insecticides such as aldrin, dieldrin,
chlordane, and sevin (Shilova et al. 1971) control mole

activity by killing their principal food source, the earthworﬁ.
Killing the earthworms is not, h§wever, desirable because of

their benaficial effects on soil fertility (Evans 1948, Evans

and Build 1948). | |

The only effective means of mole control known at pre-

~sent is to trap them. There are several traps commercially
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available but the English scissor trap is the best (Rudge 1963).
This method of control is, unfortunately, uneconomical in '
terms of man-hours and is therefore not in common agricultural
use. |
The objective of my thesis is to define which habitats
are suitable to the coast mole, and if possibl@ to devise a
means of controlling moles through habitat manipulation. My
approach was to look at molehills and not the moles themselves.
It was a priori assumed that moles would push up more or fewer
hills in relation to the-suitability of the habitat. Iq‘order
to ascertain if this relationship was present, and if so:\xo
see if jthe habitat could be changed to reduce the number of
molehills made B}L3~3p1e, my study dealt with the following:
1. To determine where a'-ole will dig, by co-paring'habi-
tats where moles are and are not active.
2. To determine what control% how many molehills a mole will
dig per unit area. ;
3. To determine if there is seasonal yariation iﬁ the rela-
‘tionship between molehill numbérs and the habitat of moles.
4. To determine whether environmental factors can be ;ani-
pulated to control activity producing hills. .~
Each chapter presented will deal with one aspect of the
major work which will be discussed as a whole at the conclusion.
Further studies to determine if recruitment or dispersal were

responsible for the absence of moles from certain study plots

rather than unsuitable habitat are included in the Appendices.



10

/
Chabter 2. Patterns of mole activity and their relationsﬁip

to earthworm availability and soil characteristics

Throughout this study the habitat p;eference of the coast
mole was estimated by its'digging activity (quantified by count- -
ing molehills). It was assumed that the digging activity of
moles was in some way related to the suitability of the habitat.
More hills in one area -than another could result from there being
more individuals in the f;rner. Godfrey (1955) found that terri-
tory size varied with the habitat. However, the relationship
betweén molehill numbers and habitat would persist, whether or
not more hills were produced by more individuals, or by more
digging activity of a single individual.

The earthworm is the principal food source of the coast
mole comprising 93%'of its diet (Glendenning 1959), and could.
potentially be the sole limiting factor to mole activity. It
is not a priori clear, however, which of the characteristic(s)
of earthworm: populations are important to moles. Therefdre,
earthworms were considered in terms of theix\Pumbers,vnean
weight, total weight, (per unit volume) and s;ecies composition
which would reflect respectively th' frequency of encounter,
a&erage meal size, amount of foo@favailable, and palatability.
Earthworm activitv, which may be an index of how .frequently
earthworms enter mole runs, was not consideredj- Earthworm
activity is commonly measured by counting earthworm casts, a

technique which requires considerable experience if accuracy

is required, and which is unsuitable in a grazéd pasture where

U o
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castes are normally destroyed by livestock (Satchell 1955).\

The digging activity of moles would also be expected to
depend on the hardness of the ground. Godfrey (1955) mentions
that shallow tunnels are made in loésely packed moist soil and
deep. tunnels in hard dry soil. The type of tunnel dug may be
reflected in the number of molehills. The hardness of the
ground in turn depends on the physical characteristics of th?
soil which, as a result, were given considerable emphasis in’
this study. The pH énd mineral characteristics of the soil
were also congidered'since they are known to relate to earthworm

v°activity and abundance jSatchell 1955, Laverackll961), and they

may provide clues to other factors co olling mole activity
with which they may covary. | tfr

There are poteﬁtially three empirical ways of determin- -
ing a habitat preference in the mole. The first is to compare
the habitat inside ahd outside its geographical range. This
method would be effici;;E in detecting extremes and limiting °
factors but it would be insensitive to any synergistic or
antagon{:;i; effects. It would also be unable to detect those
factors which may influence the degreé; of mole activity.

A second method is to compare one field infested with moles

[ ]

with another devgid of them inside the geographical range.

This technique Has a disadvantage in that it can be argued
that the field fevoid of moles is inaccessible or beyond the
dispersal capakilities of the species. The former is parti-

cularly pertinent in the B.C. Lower Mainland where déép drain-

hY
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age ditches commonly surround pastures; -although moles can
swim it may be incorrect to assert that they will read?ly take
to water during dispersal. It would‘be extremely difficult to
discredit these objections in terms of the 'ﬁormal' movements
of the species.

A third method is to compare parts of one field witﬁ mole
activity to other parts of the same field without moles. This
was the main method used for this study. Presumably a mole
has access to and is;capable of entering land adjacent to its
territory, and it-ef its young are in one area as opposed to

another because of their habitat preferences.

Methods

A. The Study Areas

After an extensive survey of potential study areas in
the farmland of the Lower Mainland, 10 fields containing a
large number of molehills (qualitatively assessed) were chosen
in May, 1976, as the study areaév The locaE}qns of the fields
and the names assigned to them are shown in #igure 1. Fields
were named after the farmer who worked the land.

The area within each field choseﬁ for study contained the
most molehills within the field. A standard 1 ha area was
markedcg;f for study. If the field was smaller than 1 ha
(Gadicke, Perkin, and Campbell), the study area was limited
to the size of the field. Two study are;;~YI;§ty and Judd)

were oriented along a north-south (the direction was arbi-
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Figure 1. Map of the B.C. Lower Mainland showing the locations
and names of the 10 study areas used to compare
mole activity with earthworm and soy(/characteris- 1
tics. Studf areas are indicated by dots, the

nearest cities by dots enclosed in a triangle.t
. LY
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trary) axis. All.others followed naturii fené@ lines (or‘land

features - Brink). The reason for the north-southtorientation |

e if having the study plots along the perimeters,

_was to det
as in most fields, in some way biased the results.
4fhe'porileter of each study area was marked at 10 m inter-
vals by a piece of surveyor's tape attached to a nail driven
into the ground. These markers later served to divide the
study areas into 10 x 10 i quadrats for enumerating molehills

and taking earthworm and soil samples.

B. Enumerating Molehills

The number of molehills was counted within each of the
10 x 10 m plots in the study areas in June, 1976. The side of
each hill was kicked away as it was counted so as to sub;e-
quently distinguish between old and new hills. The initial
definition of a molehill was:
1) any raised mound or column of earth caused by moles, and,
2) any bare levelled circular patch of ground due to the
former presence of a molehill (in subsequent counts only the
first definition was used). With this definition of a mole-
hill digging activity in the field within about the last year
could be measured.

The number of molehills for each of the 10 x 10 m study
plots for the 10 fields are presented in Appendices 1-10.
There may have been some counting errors in Perkin and Hatt

because the former was harrowed and the latter cut 2 weeks
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before counting;{;ge numbers may>be underestimated in each case.

All counts were made at the end of June or the beginning of

3

July with exact dates recorded on theltables.
C. Assessing Earthworm populations and soil characteristics

Lines of 10 plots were chosen on the basis of the molehill
counts to run from areas of high mole activity to areas of no
activity. The location of the line for each field is indicated
on Appendfées 1-10. In McConnell the line ran through two
centers of activity. In Judd and Hatt there were many hills
throughout the fields so the 10 plots within each were selec-
ted with a table of random numbers. For the latter, twé con-
trol fields (containing almost no mole activity) were selected
on the same farms f?r comparison. The control fields were
about 500 m from thl main study areas in each case. An area
of 1 ha was subdivide‘ inEO 100 plots in each control, and 10
plots were chosen at random in each from a table of random
numbers.

Earthworms were sampled at the center of\each study plot
using the extraction technique of Raw (1959). \Qgg/gallon of
water containing 25 ml 40% formalin was applied to an area of
60 cm, followed by a second application when earthworms stopped
surfacing. This technique is probably the best way to sample

earthworms in the field (Evans and Guild 1947, Raw 1959,

Svedson 1955). An area of 60 x 60 cm was treated and earth-
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worms were removed and counted from a 50 x 50 cm central area.
This procedure reduced the variability)of my samples, probably
because of the reduced effect of lateral seepage of the extrac-
ting solution through the ground. )

. Earthworms were collected with a pair of tweezers and
)immediately put into a preserving solution of 10% glycerin with
5% formaldehyde. Worms were weighed wet as a group for each
saﬁple and mean worm weight was, computed. Total worm Qeight did
not necessarily equal mean weight times tﬁE‘nnger of earthw&fmg
because in some insténces only a fragment of a worm was collec-
ted; this was éonsidered in worm numbers but not weights.

They were later identified to speéies and age categories by

Dr. J.wj.Egynolds, Department of Forest Resources, University
éf New Brunswick, Fredericton, N.B.

Soil/samg}es were either collected by ah assistant at

the same time as the worm samples, or immediately afterwards.
The samples were collected about 2 m—-from where the earthworms

were extracted and in a direction of equal or slightly higher
slope to avoid formalin. ’

Soil samples were collected from a pit about 20 x/;o x 20
cm. Three stainless steel cylinders, sharpened at one end,
were driven into a wall of the pit at a depth of 10 cm, and
three more were driven in at 18-20 cm, depending on the soil
horizons (I avoided sampling on the boundary of two horizons,
and tried to remain above unconsolidated material). The

cylinders were each about 4 cm long by 3 cm in diameter, and
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each contained an exact volume of 25.5 cc. The cylinders were
-/;emoved from the ground with a garden trowel and the earth of
all three from one level (total volume of 76.5‘cc) was placed
into a plastic bag and sealed with a iie tag.
The soil was weighed in the laboratory while still in the
‘bag. It was then emptied onto a paper towel on a counter top,
ﬁsually within 24 hours of collection to dry. The physical

soil characteristics determined were:

soil moisture (wet wt-dry wt/dry wt x 100 = %),

bulk density (dry wt/vol = gm/cc), LN?

water content (wet wt-dry wt/vol x 100 = %),
and air space (porosity-water content = %;

(porosity = 100 x specific gravity-bulk density/s.g.).

A more complete description of these characters is found in
Wilde (1958), and Wilde and Voigt (1955).

Analyses of the soil were performed by the soil testing
laboratory of the B.C. Department of Agriculture, Kelowna,
B.C., Organic matter-was determined by the Walkey-Black method;
pH and nitrate by potentiometry; ;Alts by electrical conduc-
tance; phosphorus by the acid-fluoride method; and potassium,
calcium, and magnesium by atomic absorption spectroscopy. A
description of these methods is in McMul%an (1971). Tota}
nitrogen was determined by the Micro-Kjelgghl‘Pethod; by the
Research Station, Federal Department of Agriculture, Agassiz,
B.C. The soil samples tested were those used to determine the
phygical soil characteristics and were collected dﬁring July

and the beginning"of'August.

»
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D. Statistical Analyses ‘ ~»-1<q

Statistical treatments of the data were done on “the com-
puter facilities at Simon Fraser University. ‘Correlation
coefficients (r) wegye obtained from the correlation matrices
provided from SPSS REGRESSION. Means and standard deviations
ve}e obtained from the same program. An analysis of variance
APL program ANOVAR was used instead of a t-test. The principal
component analys1s was dond using LJIFFY. a progrim pqoutdbd
by Dr. S. Coopman of the Psybhology Department at S.F.U.
Nonparametric correlations were computed using SPSS NONPAR CORR,
and multiple regression using SPSS REGRESSION. The Mann Whitney
U statistic was computed using APL Nonpar.

Results : ’

L]

/
\\ The number of molehillsj;K:ZEE:szzg‘;:;pled for each

field are given in Appendix 11. These are the values which
were used in the correlation analyses. The numbers ¢of worms
for ®ach of the plots, mean weight@’fﬂyo‘ms, total weight of
worms, soil moisture at 10 cm, soil moisture at 20 cm, bulk
density at 10 tm,,bulk density at 20 cm, watérl;ontent at lb
cm, water content at 20 cm, air space at 10 cm, and\jﬁr space

\ ]
at 20 cp are given in Appendices 12-22 respectively. ™ The

mineral contents of the plot samples from Keur, Laity, Robertson,

Campbell, and Brink®fields in the summer of 1976 1re presented
in Appendices 23-27. - \ -
For all the fields combined, mole activity was signifi-‘i

cantly correlated ¥ith the mean weight of worms, the total

~

J
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weight of worms (p g .01), soiltnoiﬁture at 10 cm, negatively
with bulk density at 10 c; (p;s;.olf and 20 cm, and negatively
with watef content at 10 cm and 20 cm (p < .01) (Table 1).

Only three individual fields had any significant (p g .05)
correlations (Table 2). Of these the Keur field had five
(number of worms, and soil moisture and water content at 10
and 20 cm), the Robertson field one (bulk density at 10 cm),
and the Brink field one (soil moisture at zg/cm{) Other fields
which had Egnrly significant (p< 0.10) correlations were Laity
for mean worm weight, Perkin for the number of worms, and Hatt
for bulk density at 10 cm. |

There were several individual fields with significant
relati6hships'between earthworm populations and the soil. In
Keur soid moisture amd water content were correlated with the
number of worms énd total weight of worms (Table 3). In
Campbell, mean weight of worms was'correlated with soil bulk
density and air space. In Brink and Hatt the mean weight of
worms was correlated with Qater content and soil moisture res-
peétively: For all the fields combined the number of worms
was significantly correlated with.soil moisture at 10 cm, and
the mean and total weights of the worms were significantly
correlated with the bulk density of the soil (p < .01).

The earthworms sampled in the 10 fields belonged to 12

species . (Appendix 28). These were: Allolbbophora chlorotica,

Aporrectodea trapezoides, A. tuberculata, Dendrobaena octaedra,
=

Denrodrilus rubidus, Eisenia rosea, EiLeniella tetraedra,

Lumbricus rubellus, L. festivus, L. terrestris, Octolasion

-

&
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T‘k{}y-l- Correlations (r) with all the fields combined
(total of 100 quadrats) between the number of molehills and
Means
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the earthworm and physical soil parameters considered.

and standard deviations are provided.

Character Mean T
number of molehills 15.32

nunbe} of worms 13.22 0.10 )
mean worm weight (gm) 0.50 0.25%*
total worm weight (gm) 6.93 0.33%%
s0il moisture 10 cm (%) 35.22 0.20*
s0il moisture 20 cm (%) 34.52 0.15
bulk density 10 cm (gm/cc) 0.91 -0.33“ -
bulk density 20 cm (gm/cc) 0.89 -0.22%
water content 10 cm (%) 29.70 0.21*
water content 20 cm (%) 29.55 0.29%¢*
air space 10 cm (%) 35.95 | 0.00
air space 20 cm (%) 36.75 -0.16

B
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Ve

-

cyaneum, and 0. tyrtaeum. All of the fields contained earth-
worms in the genus Lumbricus, mainly L. rubellus and.L.

terrestris. Other species were found in only one or a few

fields with A. tuberculatp being the most common. Most of the
— l i

individuals were juveniles, aclitellate adults were next in
abundance, then cliteliate adults, and finally post-clitellate
adults.

It appears that there are no relationships between the
number of molehills and earthworm species, mainly because the

species usually changed from field to field irrespective of

< R S

molehill numbers. The numbers of individuals within a species
also did not appear to follow any pattern in molehill numbers.

Tables 4 and S5 present the comparison of the Judd and
Hatt fields with their controls on the basis of the numbers
and weights of earthworms, and physical characteristics of the
soil. In the Judd field the number of worms, total weight of
worms and soil moisture were significantlfygre ter (p .05),
bulk density significantly less, and water cngent significant-
ly greater than in the control. In the Hatt field the mean
weight of worms, total weight of worms, and soil air space
were significantly (p < .01) more, and soil moistui&bat 20 cm
and water content at 20 cm significantly less, than in the
control.

The correlations between the number of molehills in the

study plots and the mineral characteristics of the soil for

the summer of 1976 are presented by field in Table 6. Calcium

Ve
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Tabﬁe 4. Comparison of Judd field with its control (Mann

Whitney U test) to determine if a field with high numbers of

molehills differed from one withoutkon the basis of the soil

parameters and earthworm characteristics measured.  Ten study

plots were sanpléd in each field.

Mean Mean
Character Judd Control . U
Judd
number of worms 27.70 19.70 - 78.5*
mean worm weight (gm) 0.30 0.22 76.0
total wqrm weight (gm) 8.15 2.89 8870‘*
s0il moisture 10 cm (%) 52.15 34.97 97.0%*
soil moisture 20 cm (%) 49,34 29.09 ' 99, 0%*
bulk density 10 cm (gm/cc) 0.70 0.88 99 ,0%*
bulk density 20 cm (gm/cc) 0.70 0.84 95.0%%
water content 10 cm (%) 34.98 30.53 79.5%
water content 20 cm (3) 33.58 24.06 97.0%%
air space 10 cm (%) 38.56 36.25 63.0
39.80 44 .18 . 77.0*‘

air space 20 cm (%)

‘J«
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Table 5. Comparison of Hatt field with its control (Mann

Whitney U test) to determine if a field with high rfumbers of

molehills differed from one without on the basis of the soil

parameters and earthworm characteristics considered. Ten study

plots were-sampled in each field.

e ——
. km%ku_ﬂ\“m“\ ‘
Mean
Character ~ Mean Control U
; Hatt Hatt

number of worms 22.90 28.603 ‘65.0
mean worm weight (gm) 1.53 0.47 100.0%*
total worm weight (gm) 33.79 13.38 90.0%*
soil moisture 10 cm (%) 39.89 43.06 51.5
soil moisture 20 cm (%) 39.51 49 .14 79.0%
bulk density 10 cm (gm/cc)  0.90 0.96 69?3
bulk density 20 cm (gm/cc) 0.87 0.93 64.5
water content 10 cm (%) ‘34.24 40.31 88.0%*
water content 20 cm (%) 32.93 43.79 » 99 .0%*
air space 10 cm (%) ) 31.85 23.22 89.0%%
air space 20 cm (%) 34.23 19.95 99 .0**




Table 6.

and soil pH and mineral content.

. in each field.

"
R = 1T
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Correlations (r) between the number of molehills

Ten quadrats were sampled

Character | Keur Laity Robertsok Campbell Brink
organic matter 0.34 -0.05 0.28 -0.19  -0.34
pH -0.01 0.31 -0.54 0.49 -0.21
salts -0.25 -0.02 -0.51 0.30 -0.44
nitrate nitrogen -0.46 -0.03 -6.26 -0.31 0.40
phosphorus -0.22 0.22 -0.25 -0.22  0.52
potassium -0.20 -0.22 0.1% -0.29  -0.10
calcium 0.04  -0.02 -0.61" 0.55 -0.59
magnesium -0.05 0.33 0.30 0.30 -0.36
total nitrogen 0.33 -0.50 0.30 0.30 -0.36
%
ps .05

A\
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was significantly and negatively corroiated with the number of
molehills in the Robertson field. .

Correlations between molehill numbers and soil minerals
for all the fields combined (total of 50 plots) show that the
number of -olehillS was significantly positively correlated
with pH (Table 7). The correlations of phosphorus and magnesium
approached significance (p< 0.10). ‘

Table 8 presents the correl;;ions between the weight and
number of earthworms, and the mineral content of the soil for
the summer of 1976. Mean and total worm weights were signifi-
cantly negatively correlated‘with org&nic matter and total
nitrogen.

The five fields used in the mineral analyses wefe also
examined for correlations between the number of molehills and
the earthworm and physical soil characteristics considered as
a separate group frén the complete samples of the 10 fields
(Table 1). The correlations of the worm parameters with the
physical soil characteristics are included (Table 9). The
number of iolehills was not significantly correlated with the
number or weight of earthworms, or the physical soil parameters.
Mean worm weight was positiv:ly correlated with soil bulk
density and negatively with air space at 20 c-v(p:s .01).

Total worm weight was positively correlated with soil bulk
density at 20 cm.

The correlations between the number of molehills and earth-
worms and the physical soil characteristics for the five fields

not used in the mineral analyses are presented in Table 10. In

i AT J

) s



Table 7.

and soil pH and mineral content of five fields used in the .

mineral analyses combined (total of 50 quadrats).

29

Correlations (r) between the number of molehills

Standard r
Character Mean Deviation (n=50)
organic matter 7.21 % 2.58% 0.10
pH 5.75 0.39 0.31"
salts 0.14 Y™ 0.03 -0.06
nitrate
nitrogen 0.85 ppm 0.71 ppm -0.05
phosphorus 40.47 ppm 28.70 ppm 0.25
potassium 63.98 ppm 60.22 ppm -0.1S
calcium 959.21 ppm 456.81 ppm -0.02
magnesium 105.77 ppm 95.28 ppm -0.23
total nitrogen 0.61 % ‘0.21 % 0.03

A

*
ps .05

TN
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Table 8. Correlations (r) of the earthworm characteristics

with soil pH and mineral content (n;SO) for the five fields

in Table 7.
: Number Mean Total
Character of worms worm worm
Q - weight weight
f R A
organic matter 0.04 -0.33 -0.28
pH. 0.13 0.03 0.03
salts -0.03 0.09 0.07
nitrate nitrogen 0.25 0.09 0.21
phosphorus 0.24 0.24 0.10
potassium 0.07 0.21 0.14
calcium -0.23 0.03 -0.05
magnesium -0.26 0.13 0.08
] ]
total nitrogen -0.12 -0.34 -0.35
]
ps .05
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Table 9. Correlations between the number and weight of
earthworms and physical soil characteristics and the number
of molehills in the fields used for the mineral analyses

[ ]
(total of 50 quadrats).

Numbe# of Number Mean Total
Character hills of worms worm woTm .
' weight weight

" number of worms 0.25
mean wofm weight 0.07 0.01
total worm weight 0.08 0.60** 0.52** .
s0il moisture 10 cm -0.01 0.04 -0.11 -0.05 !}\v
soil moisture 20 cm -0.07 0.14 -0.17 '0.0i
bulk densfty 10 cm -0.25 -0.15 9,43** 0.26
bulk density 20 cm -0.10 -0.09 .39** 0.27*
water content 10 cm  0.00  0.05 10 -0.08
water content 20 cm "0.06 0.12 .02 -0.01
air space 10 cm 0.17 CO.OS .18 -0.10
air space 20 cm 0.03 -0.02 -0.33 -0.20

. e \

« pg .05; ps .01
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s/ ’ : ’
Table 10, Correlations (r) of the worm and physical soil

characteris;}ts with the nﬁnber of molehills in the fields

not used fof the mineral analyses (total of 50 quadrats).

;)
( ‘
‘- . Number of Number Mean Total
Character . hills «~ of worms wWoTHm WOTHR
' weight weight
number of worms -0.10
'Y \
:fan worm weight 0.46 0.05
t. L X3 L X}
otal worm weight 0.33 ~o 47 0.81
soil moisture 10 cm 0.22 6?02 ‘ 0.03 0.05
\L/;%il moisture 20 cm  0.18 -0.03 0.10 0.08 v
® .
bulk density 10 cm-’ -0.32 0.16 0.11 0.20
bulk density 20 cm  -0.24 '0.15 0.04 0.16~ 4
’ AR 'Y ) %
water content 10 cm 0.24 -0.55§ -0.16 -0.42 :
’ i AR % "‘ '3
water content 20 ¢m-~ 0.31 -0.62 0.05 " -0.28 4
2
air space 10 cm 0.02 0.41 0.06 0.25 :
L £ 3 F s
air space 20 cm -0.19 . 0.58 0.20 -0.88 % :
% '3
p< .05; ps .01 %
. gr’ '
- é"\ .
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these fields the number of molehills was positively correlated
with mean (p< .01) and total worm weights, negatively with
bulk density at 10 cm, and positively withr;ater content at

20 cm. The n;;ber of worms was significantly correlated with
air space at 20 cm and water content, and the total weight of
worms was correlated with water content, all at the 0.01 level.

A comparison of the five fields used in the/mineral
analyses with the five not used is presented in Table 11. They
were significantly different in every characteristic except |
mean worm weight, soil air space, and water content at 20 cm.
Those used for thq mineral analyses had significantly fewer
hills, fewer worms, a much less total worm ieight, less soil
moisture, heavier soil, and less water content at 10 cm.

The presence of a large number of zero values in the corre-
lation analyses due to quadrats with no mole activity may na;i
true ;elationships because the number of molehills has ceased
to vary, whereas the earthworns'and soil characteristics have
not. As a result, further correlation tests were performed
omitting quadrats containing no molehills (Table 12). The
number of molehills was found to be significantly and positively
correlated with the total weight of worms, negatively with soil
bulk density at 10 cm, positively with water content at 20 cm,
and positively with pH.

The rank correlation (testing for relative, not absolute,
relationships) results are presented ig Table 13. Some of the

data were nat normally distributed so a Spearman Rho rank

correlation test was used to corroborate the result of the

~
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(Y

- Table 13. Rank correlation results for all 10 fields combined
with quadrats containing no molehills omitted (total of 76

quadrats; only the probabilities of significance>are recorded):

” .
Numbér of Number Mean Total
Character hills of worms worm worm
. weight weight
, N _AX h
numbar of worms 0.042
it 'Y )
mean worm weight 0.073 0.006 -
lJ [ ¥ 3 KR KR
totul \worm wedght 0.007 0.001 0.001
) an S
soil moisture 10 cm 0.140 0.001 0.256 0.012
KR . ®
soil moisture 20 cm 0.236 0.002 0.473 0.016
[ ¥ 3
bulk dgg;ity 10 cm 0.002 0.132 0.099 0.443
. ®
bulk dghﬁity 20 cm 0.017 - 0.228 0.304 0.465
water content 10 cm 0.103 0.362 0.197 0.268
' @ »
water content 20 ¢m 0.036 . 0.300 0.437 0.396
]
air space 10 cm 0.352 0.046 0.302 0.208
p]
air space 20 cm 0.345 0.077 0.035 0.493
I 4
*® L X 3
Pps .05; p< .01
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Pearson product - -o-o?t correlation, a more powerful test.
Frequency distribution of the number of molehills in the plots
was an exponential decay. The number of molehills was signifi-
cantly correlated with the number of worms, total worm weight,
soil bulk density, soil water conted&, and air space at 20 cm.
In the five fields gged for the mineral analyses, the

number of molehills per plot was found to be significant;y

. correlated with the bulk density of the soil at 10 cm, and

phosphorus (Table 14). The‘correlation with soilAldisture at
20 cm was almost significant (p=0.065). \ q
Table 15 presents a comparison of all plots containing

molehills to those without for the 10 fields, and in the case
of soil -inerils, for five fields. Although some data were not
normally distributed a Chi-square test for heterogeneity of
variance was insignificant for all characters except mean and
total weight 6f worms, and soil bulk density at 20 cm. A
Wilcoxon two-sample test confirmed the ANOVA results in these
three cases. Soil moisture at 10 and 20 cm, and water content
at 20 c-,~were found to be significantly meze in plots with
molehills than in those without, and the bulk density of the
soil at 10 cm was significantly less; mean worm weight was
almost significantly greater in quadrats with molehills
(p=0.06). .

. Multiple regrqssib,_analyses were used on the following

combinations of the study plots:

, - )



Table 14. Rank correlation results for the five fields used in
the mineral analyses with quadrats containing no molehills
omitted (total of 34 quadrats;. only the probabilities of

significance are recorded).

’ Number of Number Mean Total

Character hills of worms wOoTR woTm
. weight weight

number of worms 0.33
mean worm weight 0.24 0.17 i
total worm weight 0.39 0.001.. 0.001..
soil moisture 10 cm 0.102 0.41 0.048. 0.205
soil moisture 20 cm 0.064 0.494 0.027 0.142
bulk density 10 cm 0.048" 0.35 0.11 0.04: |
bulk density 20 cm 0.148 0.11 0.08 0.02 B
water content 10 cm  0.311 0.358 0.094 0.234 i
water content 20 cm 0.230 0.237 0.117 0.164 .
air space 10 cm 0.147 0.359 0.371 0.444 oy
air space 20 cm °© 0.246 0.428 0.277 0.147 ’
organic matter 0.43 0.13 0.105 0.015.
PH 0.25 0.01°" 0.30 0.024"
salts 0.12 0.13 0.0SS. 0.044.
nitrate nitrogen 0.14 0.44 0.24 0.054.
phosphorus 0.048. 0.054. 0.096 0.025.
potassium 0.12 0.18 0.35 0.109
calcium 0.48 0.47 0.12 0.362
magnesium 0.27 0.16 . 0.25 . 0.413.
total nitrogen 0.406 0.019 0.023 0.054

® L X ]
p=.05; ps .01
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b/
Data Available Number of Number of Number of
' Fields Plots Characters -

1. earthworm and

physical soil i

. characteristics . 10 . 100 11

2. earthworm, physical, ‘

and mineral soil :

characteristics ) 50 21
3. same as 'l' but

only plots with -

molehills . 10 76 11
4. same as '2' but only ‘

plots with molehills 5 34 21

" The total r-squares for the four combinations were respectively
A34.7t,;24;6%, 50.7%, and 65.4%. i.e. the characters were not
good linear predictors of the number of molehills pushedwup.
wheﬁ'lingral characteristics were not considered é bulk
density of the soil and the worm weight characters were the J
first three characters to enter in the stepwise regression pro-
cedure and they accounted for 26.6% of ghe variance when all
plots were considered, and 21.3% of the variance when the plots
without hills were omitted. With the liheral characteristics
included, pH and magnesium together accounted for 28.6% of
the variability when all plots for which mineral information
was available were considered, and 38.0% of the vgriance when
plots without molehills were onitted. | |

The data were further analyzed using a principal compon-
ents analysis. This multivariate statistical technique has

certain heuristic advantages which the other previous techni-

ques do not have. These are: the data do not have to be
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linearly related (even with transformations the data may not

fit a linear model); and it can accommodate synergistic effects
of the data which the other techniques are simply incapable of
handling. It is also easier to determine if there is direct
causality between variables which can only be inferred from

the. previous techniques if an experimental design is not used,
which is the case for this study.

The results of the principal components analyéis are pre-
sented in Table 16. A five-factor rotation (rotations are \
used to produce the greatest predictability of the variables
from the components) produced a component (4) on which mole
activity loaded heavily the number of molehills correlated
(r-d&§3) highly with this component. Als& loading heavily on
the same component-were the number of worms, pho;phorus,'total
worm weight, pH, magnesium, and bulk demmity at 10 cm. These
variables, except the number of molehills, also loaded heavily

on the other components.

Discussion

A. The relationship between mole activity and the soil ,/—?\\\

A"

The correlations obtained in Table 2 between mole activity
and the physical characteristics of the soil do not appear to
be meaningful except for those in the Keur field. The signi-
ficant correlations obtained for the Keur field are interest-
ing because there are 5 within that 1 field alone. Four of

these are for the physical soil characteristics, soil moisture
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Table 16. Results ef the principal éonponents analysis with
soil minerals included. A five-factor rotation (varimax) pro-
vided the most conspicuous molehill component (4). The
ipter£a1 consistency value for this component was 0.39, and
the sums of squares 1.87.4 Only those characters with the
eight highest loadings are presented. A loading greater than

0.30 is considered to be significant.

Character Loading
number of molehills 0.83
phosphorus 0.59
number of worms 0.39
pH 0.38
magnesiﬁm -0.32
bulk density at 10 cm -0.32
mean weight of worms 0.29
total weight of worms 0.24
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ahd water content at 10 and 20 cm. The correlations for soil
‘moisture at 10 cm and water content at 26 cm are significant
at the 0.01 level. Looking at Appendices 15, 16, 19, and 20
it can be seen that the Keur field is tﬁ;bdrieét of all 10
fields studied. It is proBable that the‘;orrelafiohs were
found ;o'be significant with such a small sample only because
the ieur field was so dry. ‘

The significant relationship between the number of mole-
hills and the amount of water in the soil as measured by soil
moisture and water content persisted when all the 10 fields
were combined (Table 1). The bulk density of the soil at depths
of both 10 and 20 cm was also significantly and neg&tix:?;
correlated with the number of molehills. Thus, moles pushed
up fewer hills in areas'wheaq the soil was dry and dense,
possibly.because the soil becomes more difficult to displace
when it is heavier and when it is drier, and/or burrows in
dense ground stay open longer in such soils and need less repair.

This relationship is also present in the comparison of the
Judd field with its control (Table 4). The control fieid,
where there were less molehills (ca 10/ha) had significantly
less soil moisture and water content, and.a significantly
higher bulk density. There was also a significantly greater
soil air space at 20 cm in tﬁe control field as well, probably
bécause there was less water content (remember that air space= p{

porosity-water content; as water content decreases. air space

increases).
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The relationship of.high mole activity with a low soil
bulk densiﬁy is also present in the comparison ef the Hatt
field with its control (Table 5), but in this case it was not
significant. The Hatt control field ﬂad, however, signifi-
cantly,more soil foisture‘and water content than its paired
field which was tﬁe opposite of the expected result. This pro-
bably occurred because the Hatt control field was situated on
low ground and subjeét to flooding (part of the field was flood-
ed at the time). It is likely that, although the field appeared
suitable for moles, they were not presen% at the tiné of samp-
ling because of flooding ai other times of the year. Sa-ple§
were collected in August when ;he field was not flooded.

The significant correlations between the numbers of mole-
hills and the bul 'ensity and water content of the soil were
still present ﬁheﬂ the quadrats without molehills were omitted

rom the analyses (Table 12), and when rank correlations were
used (Table 13). The significance of those. with soil moisture
was lost. This may have occurred because the plots without
molehills usuglly contained th€ “igwest soil moisture content,
and without ﬁhis extreme in ohe data set the correlations
were insignificant. Again, soil moisture and water content
werq;significantly greater, and soil bulk density Signi{écantly
less, in areas with mole activity compared to those with\;ahp
(Table 15). 7

It is possible that moles were ~ahsn;0d from certain study
plots because of poor recruitment and disperﬁal. If this were

~

-
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the case the above results would not indicate that moles pre-
fer a habitat with more soil water and\i lighter soil. How-
ever, studies, on the recruitment and dispersal of the coast ‘
mole (Appendices 29 and 30) indicate that«reé;ﬁi;pent and dis-
persal were not responsible for the absence of moles fro- plots
in the fields used for this study. \ 4
The correlations between the number of molehills and the '
:Tﬁ;ral characteristics considered by field‘(ngie-6) produced‘
only one s}gnificant coefficiqnt. It is_unclear yhy calcium is
telated to nolehill nulbgrs»in 9n1y this one instanc?.
A plot of the phosphorus c;ntent of the soi} vergus qﬁe.
Aumpber of molehills (Figurg.é) showed/thdt there was I&ieries
of outlying pbints,‘all representing the study plots in the
Campbell field. It appears that this one field is responsible
for the significance of the corrélatibn.(Table'14) between nole:4 
hill numbers and phosphorus when all fields age conbinedJ{ The
land owner informed me that there was a septic tank at one end
of the field. This has overflowed and the sewage may have ’/
provided food for earthworms, increased thpir population weight,

and increased the number of molehills. The benage also in-

creases soil phosphorus, which -ay have correlated with the

~\

number of molehills solely be;ause it indirectly measured the /
food supply of eafthworns.r ‘ A\\b
Soil pH was also significantlyycbrrelated with,fhé number
—”éf molehills (Tables 7 and 12). It i; difficult to conceive
how pH could be of direct ilportance to moles, but it é;u‘be : ‘U

of considerable indirect impprtance by its correlation with
. //

LN



LEAF 48 OMITTED IN PAGE NUMBERING



' ’
48a \ . '

Figure 2. Plot of the phosphorus contents of the study plots
in the five fields used in the mineral analyses.
versus the number of molehills in the plots.
Points for plots in the Campbell field are indi-

cated as hollow dots.



\\\a *
0
a0
- T J 107d NI STHIION 40 HIANNN
i 0L 09 01 ot ot 02 (o]} 0
———rte 1 4 ' 'l £ 1 n
° o0 °
. ° °
r o 00, ood -
° o ¢ o€
™ Y
° o .o
o o LN )
110S
o o " S .
: B '
ﬁ q (wdd)

-GSOl



49

earthworm populations (Table 14). As will be discussed later
the number of molehills is strongly related to earthworms,
and earthworms are usually reduced in numbers and weight at
lower pH (Satchell 1955). | -

The five fields used in the mineral anaiysos showed no
significan; correlations between the number of molehills and
physical soil characteristics; th? re-aininé fields showed
significant correlations between the number of molehills and
t;soil bulk density at 10 cm and water con}ent‘at zo’c-. The
two groups bf fields were also signif{éantly diffdreﬁt on the
basis of every physical soil characterisi&c except air space
and water content at 20 cm (Table 11). The‘fact that their
correlations between the nunber»of -olehiil; and the soil ife
different is not surprising if’they rebrpsent di fferent condi-
tions of mole activity. As staped‘in thg ﬁcthods, the five

fields used for minetal analyses were chosen because they had

the most 3istinct gradients in mole activity. They differed

in this respoct from the re-aining five fields, and this diff- .

erence has produced a different set of correlation results.
Results shown in Table 11 are consistent vith'thq trends
so far discussed. The fields not used in ;pe.nineral analyses
had significanfly -qre'lol§i1115’a§d had a correspondingly
significantly hiéhdr soil moisture and waecer content,’ and

lower bulk dénsity.

174
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B. The relationship—ef the number of molehills with earthworm

populations

In the co;relaticg analyses considered by fio!d (Table 1),
only ﬁe\nunber of worms was found to be significantly corre-
<\- ‘lated with the number of molehills and in the Keur field only.—/”?‘
This may have occurred because the Keur field containéd the
lowest numbers of worms of all the 10 fields used in the study
~ (Appendix 12). As the number of worms in the Keur field in-
creased from none to a small amount, the nﬁnber of molehills
increased acé rdingly.
: The fol ing results all indicate that more molehills
ccur in areas with many earthworms. When all 10 fields were
combined the total weight of worms and mean weight of worms were
found to be significantly and pb;i;ively correlated with the
number of molehills. Both were significantly greater in the
Hatt field thaﬁ in its control (Table S5), and(total weight of
worms was greater in the Judd field than its cgntrol (Tabde 4).
When all 10 fields weére combined and plogs without molehills
were omitted (Table 10), total worw nc'gh@ was significantly
correlated with the number of molehills at the 0.01 level. When
rank correlations were used (Table 11) the nulbej of molehills
was significantly correlated with the number of worms at the
0.05 level, and with total worm weight at the 0.01 level. 1In .
the cb.pa;ison of quadrats with molehills to those without

(Table 13), the mean weight of worms was found to be almost

- significantly greater (p=0.06) in plots with hi;ls.



The oyérall picture of the relationship of earthworms
with the number of molehills is that moles dig more where they (\\>
have more to eat, and earthworms are more syccessful in soils
that moles find easiest to_dig. These relationships are true for
correlations with mean earthworm weight, and especially total

worm weight. A causal relationship can be inferred by concluding

that moles dig more when they have more energy available for
dfgging. This conclusion makes sense biologically considering
the method moles use to obtain food. It must be remembered

that the tunnel system acts like a.pit trap. It would seem a

’
s,

better strategy, in terms of net energy gain, for moles to dig

when they have a good food supply. If they are hungry it would

) LT

be a disadvantage to expend large amounts of energy digging

and extending the tunnel system (pit trap), and an advantage
to conserve energy at that time and wait until more earthworms
enter the tunnels.

-In terms of the biological significance of the three’earthi
worm.parameters measured, it appears that the single iost impor-
tant factor related to tﬁe number of molehills pushed up is the
total amount of food available. The average meal size appears to
be next in importance (perhaps only because it is closely related

to total worm weight),‘and the frequency of contact with food least.

AR x:wWw‘%g&n- "“*‘;‘WW‘ e

This last result is not surprising because a mole would have to

[

encountgr several worms of low body woight.gé gain the same

amount of energy obtained from a larger worm. There is pre-

Y
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sunably a lower size limit to the earthwor-s moles will eat

and th& number of worms is probably a poor estinate of the
amount of--available food. It may be the relationship of worm.
number with total worm weight (Thbles 9 & 14) which made the
number of earthworms significant in some ofvthe analyses.
'In.the five fields used in the mineral analyses.no
earthworm parameters were correlated with the number of
noleh1lls (Table 9), whereas in the five fields’ not used in
the n1neral analyses (Table 10) the number of nolehills is sig-
nificantly correlated with mean wérm weight at the'0.01 level
and with total worm weight. Fﬁrthernore, the ngnber of worms
and total weight of worms were significantly greater iA the five
fields not used for the mineral analyses (i@blb‘ll) which also

contained more molehills. The explanation faqr this différence

\_~"1s a function of the data Qet used. The fields not used in the

mineral analyses included the Judd, Perkin, and Hatt fields
which contained the greatest numbers and weights df worms
(Appendices 12, 13, and 14), as well #s the gréatest numbers
of molehills (Apﬁondix 11). It is bécausp this-extreme is

present that the ‘correlations were found to.be significant.

C. .The relationship of earthworm populations to the soil

characteristics

-

Earthworms live in and are affected by the soil (Satchell .

1955). It is possible that the soil characteristics, instead

T e g

‘._;\;\"ﬁ’a“ e N
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of directly influencing the number of molehills, do so in-

directly through their action(s) on earthworms\ Table 3 shows

the correlatipns between the earthVOf:fnga-eters an

physical soil characteristics for this’/study. hln\fhe Keur

| field both the numbers of worms and total worm weight are

strongly correfﬂQ:? (p < .01) with soil moisture and water con-
tent. In the Brink field these same two soil parametens are
strongly correlated with mean worm weight. For<f?i/ihe 10
fields combined the number of worms is correlated significantly
with soil moisture, and mean weight with the bulk density of
the soil at the 0.01 level. The correlations were positive.
In terms of the mineral content of‘tﬁe soil, mean and total
worm weights were negatively Correiat.d with organic matter
and total nitrohen (Table 8). |

It is not possible from t?% des1gn of this study to statis-
tically 1nfer that the physical soil charactorist1cs are re-
lated to the number of molehills indirectly through the earth-
worms. This possibility will have to remain oben. fhe physi-
cal characteristics of the soil could be of/direct importance
by making the soil easier or harder for -ol;} to dig. In the
case of soil bulk density, furthermore, the relationship-may
be direct because the number of molehills is negatively corre-
lated with the bulk density of the soil,.and mean worm weight
is positively correlated with soil bulk density. Because the
number of moleéhills is positively correlated with mean worm

weight, the relationship of soil bulk density with mole activity

("Q'.
~
3
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is perhaps not‘due to an indirect relation through earthworms.

The correlation analyses again produced different results
when the data wese subdivided into the two’hroups of the five
fields used in the mineral analyses and the renaininé five
fields. In the former mean worm weight was significantly
positively correlated with the bulk doﬁsity of the soil and
negatively with air space at 10 cm; total worm weight was sig-
nificantly positively correlated with the soil bulk density-at
20 cm. In the five fields not used in the mineral analyses
the number of worms was significantiy positively correlated
with air space and negatively with water content. Tota]l worm o
weight was neg;tively correlgted with water content. ’

Mole actfvity was not correlated with either the organic
;atter of the soil or the total nitrogen content, as were mean
and total weights of earthworms (Table 8). Tt would be expected
that earthworms weights would be positively correlated with
these éharacters instead of négatively, but the positive rela-
tionship is not precluded by these results since the organic
matter and nitrogen above groupd, available as a food Source
for the earthworms, was not measured.

Earthworm numbers weve significantly correlated with soil
pH, Rposphorus, and total ﬁitrogeﬂ, and earthvor—‘;oights were
~ correglated with those factors and soil salts, pH, and nitrate
nitfogen (Table 14). All tha;: factors relate to the food
supply and pH of the environment of the earthworms, all of

which affect their population numbers and weights "(Edwards and

!
b , . \
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Lofty 1972).

D. Multiple regression analysis

The total R-square values for the multiple régression
analyses were low. The highest value for this regression analysis
was for the combined mineral fields when the plots containing no
molehills were omitted. It is hard to say whether the 65.4% of
the variance (Rz Total) accounted for in this analysis was due
to good predictor characters, or because there were.ZI»characters
and only 34 plots (R2 adjustea = 8%). When the sample is in- <
creased to 50 plots wi;h the same number of characters only 50.7%
of the variance is accounted for. This inver relationship
does not occur when only the physical soil a d. earthworm parameters
are considered. It is trué that oﬁly 34.7% of the variance is
accounted for when all 100 plots are considered but when the
sample is reduced to 76 plots there i ess variance accounted
for (24.6%). Again, the bulk densitJf:: the soil and worm\\
weight parameters were of impoertance, being the first 3 char-
acters to enter in the forward stepwise regression and account-
ing fér most of the variability explained by the regression
equation. When the .142?215 were included, pH was again of
primary importance; magnesium was secondary, perhaps because it y

has a strong relationship with soil bulk density (Buckman and

Brady 1967).

The low Rz totals strongly indicate that the variability
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in nolehiils is not being totally explained by the variables
considered. They are a géod indication that some parameter is
missing. This parameter or paranete?s could be any of those
not studied which were mentioned in the preamble, or it could
se a sypergistic effect of the parameters considered. Which-
ever the case, a regression equation cannot be formulated which
could successfully predict even the majority of the number of'
molehills pushed up in a plot.

(.

E. Principal component analysis .

The results of the principal component analysis (Table 16)
agree with those of multiple regression. The fact that there
is a number of molehills component (the number of molehills
weighted hqavily on one component only) is encouraging. How-
ever, it is the fourth component, which explains little of the
variability (8% in this case) of the data set as a whole. The
variability_gf_zhg,ofﬁ:i ciaracters may be too great to infer
causal relatio?ships betwéen them and the number of molehills.
Furthermore, the characters which heavily weight (corre-
lated ﬁﬁghly with the component) the molehill component also }“‘1
heavily\weight the other components. This implies that there
is no direct relationship between any one of the characters
and the number of molehills. ' What the analysis does indicate,
however, is that there is probably some character influencing

not only the number of molehills, but also the other characters

3y

)
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. which loaded heavily on that conponent.' This would favour the
interpretation that if is something iP the environment and not

in the biology of the mole which is sffecting the number of mole-
hills. This efifect in the environment could be a synergistic
factor (which would be difficult to measure or compute), or some

factor not measured. V-

F. Possible sources of error

It is possible that in suitable habitats, territory sizes
can be reduced and that there would Be more moies in the 1 ha
areas used for study within a field. The most likely result of '
high densities of moles,on the number of molehills would, how-
ever, be to have molehills distributed throughout the field
rather than in only one part. Secondly, if the habitat is very
suitable to moles, there'may bQ\Eng mo}ehills produced if two
moles occupy an area usually occupied singly. This increase
in molehill numbers would, however, have been éounted in the
study and related to the more suitable habitat. In other words,
Jthe results would be in agreement with the purpése of this
study i.e. to find in which habitats there ;re more molehills.
The number of moles ’is irrelevant.

Another consider#tibn is that the environmental character-
istics were measured only once wher‘as the loiehills were
actually pushed up over g_hroad period of time. Because the
molehills represent several “months of actxvity it is p0551ble
that the 'controlling' copditions were not measured put rather

occurred during a previous time. In order to accommodate this
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possible error to some degree it was necessary to sample the
earthworﬁs and soil under relatively constant weather conditions,
and to sample over'as short a time as possible, so that at least
the relative habitat differences between quadrats could be
measured. This was done in the Study. In the analysis it 1is
also impo¥tant to look for relative relationships between
hébitats and relate these to molehill numbers, which was also —
done. ;

It may not be sufficient, howéver, to simply look at reia-
tive relationships i.e. increasing or decreasing numbers of /,Qj
hills and increasing or décreasing values for the parameters
considered. The absdlute values of the parameters may inheed
be limiting or enhancing at certain tiﬁes. This possibility
will be considered in the next chapter where ;;asonal varia-
tion in the relationship between molehills and several para-
meters will be considered.

Finally, the inadequacies of this sort of study acknow-
ledged in fhe intrpduction must also be recognized. The
number of molehills could vaey according to‘the sex and/or age
of the fﬁdizgéuals, and accqrding to whether or not the terri®
tory has recphtly been occupied. These facﬁors could add
variab}lity/to the number of molehills in the study plots and
it is variability whiﬁh cannot be accounted for by the para-
meters considered. Also, there were certain environmental
characteristics which were not measqied such as the covering

vegetation, drainage patterns of the soil, etc., simply be-

]
1
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e

cause the task was too great for a single researcher. These

characteristics could again adi/;z/phe dnexplained variability.

Conclusion
\\ .
The numbe{ of molehills pyesent in a study plot is posi-
ti;ely rélatéd to worm weigyff)soil water content, soil mois-
ture, and pH, andvnegativelx to the bulk density of the soil.

The amount of water in the s*il and pH were closely related with

worm weight and it is possib&e that the former two are related

to the number of molehills only through the latter. If such a . -

relationship holds, then the main factors influencing the . o

digging activity of moles are the weight of worms and the bulk

density of the soil.

-
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Chapter 3 Seasonal variation in th$‘£g£$tionship of the

number of molehills and ‘the physical characteris-

tics of the soil

Both the number of molehills in a particular area and the
physical and biotic characters of thé soil in shch areas vary
seasonally. Molehills and soil characters were measured a
different times of the year to determine the degree of v#(fa-
bility in each; and their relationship with each other. Moles

disperse during the summer and sometimes as late as fall and

winter. The environmental characteristics at these times could

be expected to be of especial importance in determining where a
mole will chogse to settle and esiablish.a territory. It was
thetefore necessary to see if theipatterns of mole activity
within arfield changed seasonally. By fblloﬁing such‘patterns
'it would be possible to deter@ if the areas unoccupied in
summer remained unoccupied after dispersal (young moles leave
the terr;tories of their mothers after May (Glendgnning 1959)).

If the areas uﬁoccupied during summer were suitable they could’

be expscted to be occupied. dispersing young moles.
Methods ’ \ o

The study areas were the same as those used the previous’
summer (1976) (Chapter 2). They were 1.ha plots within the
- . \ ’
Keur, Laity and Robertson fields. These three fields were

chosen for,study‘%ecausg they had discrete gradients of mole

RS

e PRI NS g PRI e
iy T AR v S o 1 e ot B

I
' . . srh
———

ol
W

YT
e

B



61

¢ . - :

activity and they had empty areas that 'could be occupied by
dispersing young.

The patterns of mole activity had been established in the
summe} samples [Chapter 2). The‘relationship‘of mole acttivity }
with the environ;ent during the summer was calculated on the
basis of those samples. Any effects fhat the changing envir-
onment may have had éﬁ the patterns of activity, or on the
relationship of the activity to the environueﬁt, were studied
by sampling the same study.areas in»September 1976 (autumn),
Japuary 1977 (winte}), and AngI 1977 (spring). In each instance
thé‘number ‘of new molehills per 10 x 10 m b;ot (100 plots per
field) was counted. \quég, 10 plots were chosen in a line to
‘run through.areas of héé mole activity into areas of low mole
activity. Soil samples were collected as in the summer of
1976.  Earthworms were also sanplgd'@n September 1976 but no
samples were collected afterwards to prevent damaging the
\ea}thworm populations with large amounts of formalin. New
line transects were chosen for each season if the plots with
the highest numbers of molehills were not in the same positions
as the previogs~counts. ’

The patterns of mole activity of the three fields during
the four seasons were plotted and examined fqr any changes.

The soL%\and earthworm samples for the three ffgids were pooled,
solely to increase the sample siz; from 10 to 30, and eiapined
for changes in their correlations with the number of molehill§

\
over the seasons.

;’-}
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Results A \ T

The numbers of molehills in each of the study plots for
the Keur, Laity, and Robertson fields for summer, autumn,
winter, and spring are presented in Appéndices 29-37 and are 23\\
summarized in Table'17. The distributions of hillé.in the //
three fields over thevfour seasons are presented in Figure 3.

In the Keur field there was only one centér of activity
(shaded plots) in summer, but a second became established in
autumn and expanded in winter and spring. Although this new
center of activity was quite large,’it did not expand into
the original cehter of activity in the field asrcén be seen
from the diag;am for spring; an area of light activity remained
between the two territories. There was some light activity in
£he remaining half of the field*in autumn and winter which
greatly‘decreased by spring.

A trend to more éctivity %overing a larger part of the
field in winter or spring than in summer and fall was also
apparent in the Laitf fie}d. Activity was again comparatively
heavy in winter. Activity was more diffuse‘in‘this field than
in the Keur field. It appears that there were centers oflacti-
vity in two cornersE in one of }hdse corners the activity
extended towards the middle of tpe fié}d. In autumn and»wingpf
these two centers expanded énd a third.towardg another corner
developed. In spring only one of the centers remained very-

active.

In the Robertson field there were centers of activity in

each corner. The-mole from the corner in the upper left was
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Table 17.. The numbers of molehills in the Keur, Laity, and

Robertson fields in summer, autumn, winter, and spring.

“1

-

" Summer Autumn Winter Spring
Keur ’ 34€, 355 652 666 -
Laity 358 533 1228 537
Robertson Y ¥ 334 396 257
Total 1415 - 1222 2276 1460
)
'.‘.kj _t
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Figure 3.

The distribution of molehills in the r, Laity,
and Robertson fields duriné summer, aixtumn, winter
and spring. Each diagram represéﬁts the study area,
each square a study plot (10x10 m). Blank squ;res
contained no molehilig, hatched ‘squares 1-10 hills,
and solid squares 11 or more‘hills. /Ihe locations

of the line transects used to samplé'soil are indi-

cated by arrows.
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4 N
re-ode by myself at the time of the counts in summer. The
- mole from the upper right appeared io move into the vacated
area, was aCfiVe in both its original territory and the vacated
area in winter, and appeared to return to its original terni;
tory in spring. The activity of the other two centers appear-
ed to decfease from sﬁnner‘throughito sprigg;
There were‘significant negative correlation; between the
number of molehills and thq bulk dénsity‘of the soil in
summer, autumn,_andfépring (Tabie 18), butgnot in winter. The
number of molehills was‘ﬁlsé Significaﬁtly‘correlated with ihe
soil air spﬁce at 20 cgqin spring.l”Again, therq wére also no
significggg‘rank correlations in winter (Table 19). The bulk
Qensity of the so0il and soil moisture were signific;ntiy cd;re-
lated with the number of molehills for the remainimg three
‘seasons. .Soil air space at 20 cm was sig;ificantly corrdiated
with the number of molehills in summer and sprihg.
Discussion
The changes in the distribution and numbers of the mole-

hills over the four seasons are in agreement with.GIendenniﬁg's

(1959) observation.that the coast mole is more active in winter
than at other times of the year. The activity of the moles was

heavy in autumn but this may have occurred because most of the>

- hills had been pushed up within 2 weeks of the count. The
activity of the;nole;-was beginning to increase ripidly at

this time and the autumm counts include the beginning of this

-
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" Table 18, Correlation coéffiéients (r) obtained between the
various soil and worm parameters and the number of molehills

. (\- - . .
for the Keur, Laity, and Robertson fields (total of 30 &uad-

‘rats) in summer, autumn, winter, and spring.

— —— ——

;

Character ‘ Summer Aufumn‘ Winter Spring

nuﬁbe‘ of worms g -0.14 0.05

mean wo weight 0.18 | 0.07

total worm weight -0.04 -0.11

soil moisture 10 cm 0.17 0.26 -0.09 0.29

soil moisture 20 cm 0.20 g.19 -0.22 0.24

bulk density 10 cm -0.43"  -0.26 0.12 -0.37"

bulk density 20 cm -0.28 -0.38" 0.19  -0.42"

waterizbnﬁjpt 10 cm 0.12  0.14 -0.07 0.12

water content 20 cm 0.00 0.01 ~ -0.19 0.01
 air space 10 cm 0.04 0.01 - -0.07  0.27

air spaéw‘ié;éi 0.13 0.25 .07 <J 0.40"

ip S .'/0 5 | /Jf\’:\, ] . -

~ ~
S
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Table 19. Rank correlations (probabilities of significance)
obtained in comparisons between the various soil and earthworm
characters with the number of molehills for the Keur, Laity,

and Robertson fields (total of 30 quadrats) in sﬁmner, autumn,

wintér, and spring. ‘ ’j)
Character : Summer Autumn Winter Spring
number of worms 0.47 0.50 ;&
mean worm weight 0.48 0.29
total worm weight .* 0.43 0.40 _
an '
soil moisture 10 cm 0.07 0.01 0.27 0.05
- N  J
soil moisture 20 cm 0.04 0.02 0.35 . 0.06
~ AR 'y AR
bulk density 10 cm 0.002 0.02 0.27 ©0.01
’ A AR AR
bulk density 20 cm 0.02 0.01 0.48 0.01
water content 10 co 0.38 0.06 0.23 0.19
/ ooy
water content 20 cm 0.26 0.26 0.34 0.39 Ny
air space 10 cm 0.23 " 0.46 " 0.43 0.06
‘ * ' AR
air space 20 cm 0.05 0.25 0.34 0.01
i .
L t & 3
ps.05; ps.01
- 7
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increase.

The activity of moles seemed to spread into more plots
in autumn andlwihter, and recede from them in summer and spring.
This, combined with theWack of any significant correlations of
the numb;r of molehills with soil mgisture and especially the
bulk density of thq(joil, would indié??e that the environment
is not limiting mole activity at this.time. The bulk density.of
the soil does not change but the soil moisture does. he in-
creased activity may be due to more water in the soil making it
easier to dig in, allowing the moles to become more actige.
Alternatively, the activity of earthworms is also expected to
incfease in autumn and winter (optimum temperature for activity
in Lumbricus is about 10.5°C (Satchell 1955)), and the increase
in the digging activity of moles could simply refiect the ——.
increased activity of worms. If worms are more active, it
would be expected that they would be more likely to enter mole
tunnels and Etgﬁ increase the mole's food sgsbly and hence in-
crease the number of molehills pushed up (Chapter 2).

The signifi&ance of soil air space in summer and spring
could be related to othgr physical soil parameters. Soil air

space is a covariable of soil bulk density, and is indirectly

related to soil moisture through ggil
The lack of significant corréiatio s between the number
of molehills and the physical soil characteristics in winter,
instead of indicating that these characteristics are not
limiting to mole activity at this time, may simply be an arte-
\fac't. There ié always som.e destructiogyof the_{molehills by
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lfvestock and this is an errot\inhqreJ; in this sort of study.
In winter, however, ghe destruction-is somewhat heavier due to
overgfazing and the /muddy conditions created by the héavy rains.
These two jacto;s troduce a potentially severe bias\ih the
molehill counts and they may possibly have resulted iﬁ inacéuracies
in winter such that no significant correlations between the
number of molehills and the physical soil characteristics were
obtained. It can be assumed that the rate of destruction of
molehills may have increased but the relative nunber;'of hills
would not be expected‘to change; there should, therafore,'have
been some significant rank correlat;pns for winter. This would
imply that moles are indeed not linited by the physical soil

characteristics in winter. However, the nature of the counting

bias is unknown so no conclusion about the bias can be drawn.

Conclusions

There is seasonal variation in the distribution of the -
number of molehills. Moles were active throughout a greath
part of the study areas in autumn and wi ter. This may have
occurred because of an error in gountinéZEfp number of molehills,
but may instead indicate that the bulk density of the soii doés
not limit mole activity at this time. Jhere were,»howeggr,

~

parts of the fields in which moles were never active.
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Chapter 4 A test of the possible effect of nitrogen ferti-

lizer on molehill numbers

Ennik (1967) suggested that nitrogen fertilizer reduced
the digging activity of the European mole. His experiment |
consisted of applying ammonium nitrate and limestone, either
at a level of. 70 kg N/ha or 140° kg N/ha, on plots which were
either cut, rotationally grazed by cattle or‘hearilylgrazed.

'He had two'replicates for each condition and'applicetion and
contro}. 'He appiied the yearly anount of;fertilizer in two
,appiiqations tspring and.sgmner); and counted the number of
molehills in each plot each year for 4 years. Continuously
grazed plots only received 70 kg N/ha; two plots received a top
dressing of dung after grazing, the other two did not. Moles
were trapped or killed each year during the experiments. He
found that the number of molehills decreaseo'in the sequence;
cut plots, continuously grazed, rotationally grazed with high’
nitrogen application, and rotationally grazed Qitn low nitro-
gen application. Ennik calculated‘zﬁe mean number of iolehills
of the 4 years for each .condition and did a range test on these
four means (cut plots were not ;onsrdered) He found that there
was a s1gn1f1cant (p .05) d1fference between the tontinuously A
jgrazediplots (with or w1thout top dress1ng) and the rotat1ona11y
igrazed plots wrth 140 kg N/ha. There was no s1gn1f1cant diff- |
verence between the continuously grazed plots and the rotation-,'
;lly grazed plots vith 70 kg N/ha. a

/ Ennik atte-pted'to deternrﬂe the effect of the fertllizer

/‘¥
4
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on moles by looking at.its effect on'earthworns, the iole's

main source of food. The worms in his plots were mainly
‘ﬂlokbophorba calixinosa and Lumbricus' rubellus, with a few.

A. chlorotica He found that his vﬁriation in earthwgrn bers
and weights was greater within a plot. ‘than betwe:n\plptffasz he

/.—‘

could not test for any significant fertilizer effect. _

' Ennik ooncluded that within cut plots mole activ1ty ‘was not
affected by the level of nitrogen application and with1n the
Jcontinuously grazed plots such activity was not affected by a
top dressing -of dung. He did not state that nitrogen fertilizer
reduced the activity of moles in the rotationally grazed plots
but the statistical analysis he presents does lead to this con-
clu51on§w_He‘ggta1ned no 51gnificant differenoe between the
continuously grafed~plots and the'rotationally grazed plots
with. 70 kg N/ha,’which\i-plied that there was no effect of the
'gra;ing schedule onﬁ-olehill numbers, but did obtain a signifi-
; cant difference‘between rotationally and continuously grazed
plots with 140 kg N/ha. He also states that mole activity is
probably related to the number of earthworns. However, he says
that 'Data reported in the literature do not support the suppo-,
sition that treatnents with low mole act1v1ty may have been

~

unfavourable for vor! develop-ent . ) ) I; 5

I attelpted to test Ennik's’ 'conclusion thet ?itr gen

kA

fertilizer reduces -ole activity by conducting ny own

lizer experilents Further-ore, 1 was 1nterested in deterlin-

-
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ing the mechanism by which the fertilizer could influence moles,
so 1 -eaﬁured the effects of the fertilizer on other aspects

of 'the .mole's enviroqient'sd;h as the soil atmosphere.

e : :
- There were four ways in which I believed nitrogen ferti-

lizer might effect the digging activity of moles. These are:

1. The fertilizer reduces the ph of soil through the chemical
reaction: |

+

334 NO, ¢ HO0->NHOH + NOI + H \

- there was a significant positive rei:;jgﬁ between the

number  of molehills and soil pH (Chipter 2).

content of the soil atmosphere is decreased and

[ 5%)
.

rThe 0,

CO2 increased by increased plant growth and microbial
activity.

- moles may dig more hills to aerate their tgpnels.

3. By increasing plant growth and hence evapotramspiration,
soil moisture is somewhat decreased and the diffusion of

soil gases and the atmosphere therefore inereased.

- moles may dig more hills if they can breathe better.

4. If the fertiii!er decre;ses soii moisture through increased

evapotrapspiration -01;5 may dig less if the soil is dry.

- there ;as a siénificant'positive corrélation between

the number of islehills and Soil moisture (Chapter 2).

The experiments I conducted, tﬁerefore, were to test the

effect oflnitrogen fe£;ilizer OR noie’activity, and to detef-
mine whetﬂ{y this eff .
S _ '
A ~

-

if it exists, is due to any of the

4

-



above four reasons.

Methods -

A. The experimental design

é

Individual mole territories (as opposed to arbitrary
areas) were chosen as the basic units for treatment and control
units to prevent one mole from receiving two treatments.
Fifteen 361e territoriés were located on the Laity fafm in
Maple Ridge. (Figure 4). Territo;ies were lqcated by looking
for centers mole activity whichlappeared to form discrete
units of ab;:§ 30 x 40 m in area. This size is reasonable
considering the results of the tracking studyv(Appendix 31).
The Shapekof each rectangle included the greatest number of
hills in each activity center.

This techn%gue of delineating mole territories prg;eJ
simple. There were seven territories ;hat were under previous
observation and their limits were easily recognized. For- the’
remainder there was some doubt. In territories 4 and 5 there
may have been a third individual in the area; iniid and 15
there may have been a thirh individual, and; the boundary
between 9 and 10 was indistinct. Jn each of the two instances
where there n;y ha(gagg;n/a tgard mole the territories were so
plotted that the third mole could noz/gzzhigging within more ,
than 2 m of an experimental treatment. Nine and 18 received)“

the same treatment so there was no interference.

The number of molehills in each territory was counted

T

P
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Figure 4. Schematic¢ map showing the positions d sizes of
the plots surrounding territories uded in the

fertilizer experiment (Laity farm, Maple Ridge).
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using the same method‘;s in the habitat selection study (Chap-

\fer 2). The number of molehills initially found in each terri-

‘tory (6 and 7 Apriill and the condition each wab‘assigned to

are presented in Table 20. "All fertilizer was applied using a

rotary hand spreader according to the schedule in Table 21. The

~ammoniacal nitrogen used on 25 April was expected to lower soil

pH through bacterial action accogaing to the‘followihg chemical

reaction: . T
NHt o+ 20 2hY + NOL H.O
4 27 3 Y

.and would thus have the»game effect as the ammonium nitrate

“used by Ennik (1967).

B. Measuring changes in molehill numbers and the envitonment

The new molehills in each of the 15 territories were.
counted at about 2-week intervals. Soil and air samples were
collected from 3 territories only - nquer 4 (control), .number
7 (140 kg N/ha), and number 10 (70 kg N/ha). Five soil
samples were §ollected,from each of the three territories -
four'from‘S m to;ards the center from each corner, and one
from the center itséif., They wefe collected when the mole-
hills were counted. The moisture content of the soil was cal-
culated after the sample was air dried. The soil was then
ground with a mortar and pestle and passed through a 24 mesh
sieve. .The pH was determined on a 10 cc saiple of this soil
by adding 10 cc 0.01 M calcium chloride and stirring occa-
sionally for 1/2 hr (McMullan 1972). The pH of the soil was

read from this treated sample using a Fisher

V]
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" Table 20. The iS territories used .in th; fertilizer experiment.
The number of molehills found‘in each ferfifory on 6 ahd 7 |
. April, 18 and 19 days before fertilizer was applied, are pré-
Sented, as weli as the treatment, dimensions, and area for

each territory.

-

Territory ¢t molehills Treatment Dimensions(m) - Area'(mzj‘

1 - 144 140 KgN/ha . 40x40 ©1,600
2 257 " control 60x15 - 900
3 A 226 140 kgN/ha 30x45 1,350 X
4 . 348 - control 30%35 1,050
5 221 140 kgN/ha .- 25x40 ‘1,000
6 67 control 35x3S 1,225
7 407 140 kgN/ha 30x30; 30x15 \1,350
8 253 70 kgN/ha = 40x3S 1,400
9 .. 355§ 70-kgN/ha 40x30 @,zoo
10 . 397 70 kgN/ha 40x30 1,200
11, 103 140 kgN/ha 40x30 1,200
12 102 ~ control  30x35 1,050
13 99 70 kgN/haw  35x35 1,225
14 ‘ 78 control 30x45 1,350

" 15 90 70 kgN/ha 40x45 - 1,800




Table 21. Description of the fertilizgf‘treatnonts,for thé 10

o ~

mole territories (remaining five were controls).

o

Fertilifer . 8, 9, 10,13, 15 = 14 3,5, 7,.11
" 25 April 70 kg N/ha o 140 kg N/ha
rate * i . 41-0-0 (Scott's) " ~ Scott's 41-0-0 .
formula .~ 30% water soluble and 10.1% watér insoluble
composition nitrogen from ureas and Methyl e ureas with
a potential acidity equivalent qf 681.8 kg
(1500 1bs.) CaCOS/ton
11 July .~ .. ‘
rate 17% kg N/ha 35 Kg N/ha
formula ~ S54-0- 0 {Green Valley) 41-0-0
composition S0% nitrate nitrogen, 50% ammonical n1trogen. ‘
11 July © "'17% kg N/ha 35 kg N/ha
rate 16-16- 16 (Terico) 16-16-16
formula + nitrogen as urea, phosphorus as P2 02, pota-
composition + ssium as KZO.-
~ %
N

Same as annual rate used by Ennik (1967); form of nitrogen
used by Ennik (1967) was ammonium nitratq.

Formula and composition for phosphorus and potassium are
same as used by Ennik (see Emnik (1965)); only X% annual
rate for all minerals was applied on 11 July

‘-MW*"-“M' e, . ‘ T e
o R S et

-
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1

\

ACCUMET Model- 420 digital pH/ion meter.

The nitrate and ammonia contents of the soil were deter-
mined for samples immediately before and at weekly intervals
after the second fertilizer application. A Simplex Soil Test
Kit, Edwards Laboratory, Norfolk Ohio, was used to deter-ine
their concentrations in ppnm.

¢
C. Sampling the air within the sdil and mole tunnels L e

Ten air sampling sites were establisheq in’the runways of
each of the three territories used to collect soil samples.
Samples were collected through Tygon plastic tubing 3 mm in
diameter with bore of 1 mm. The tunnel underneath a lolehill
was located and.one end of the tubing was placed inside; the
hole was then oovered with earth and packed:leaving about 10
cm of tubing above ground; tﬁe open end of the tubing was
plugged with a toothpick., The sample tubes were plaoed in an
approximately uniform distribution throughout each of the three
territories. The average depths of the tubes were: 13.3 cm,
11.7 cm, and 12.2 e- for territories 4, 7, and 10 reSpectively

At about a lﬂ’ﬂkistance fron five of the sample sites in
each-of the three territories ﬁ'buried an inverted .clay pot
(S cm bottom diamgyer, 10 cm high) in a hole 20 cm deep to
sample air in th:!355;>(‘zygon tubing led from the pot to the
surface of the groueq. The device for sampling soil air des-"
cribed by Russell and Appleyard (1915), had been constructed

but was ineffective, in the soils in the Laity field. Other
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methods of sampling soil air require that a soil sample be
re-oqu and the air collected by.vator displacement. These
were not used because they’soe-od tb introduce a larko sampling
error due to~£ﬁe handling‘of~the-;oil '

Air samples were collected through the tubing with 30 cc
plastic dispos;gle syringes the dax following the molehill “,
“counts. . The toothpick was removed from the end of the tﬁbing ﬁ,/
and the syringe needle (20 ga) inserted. A 20 cc sample of )
air waggwithdfawn and discarded to clear the tube. A S cc'
sample of air was then withdf;wn and discarded to clear the
n;edle. Theﬂ, a Sb‘cc sample of air was withdrawn and later

’usedvfdr analysis as the tunnel or soil air. |

Thp air samples were brought back to the laboratory anq
their carbon dioxide and oxygen contents doter-inéd-with a.
Scientific Research Instruments Co. Medspect 1 medical mass
spectrometer to an accuracy of + 0.1%. All-samples were collec-
ted between~0750 and 1000 hrs, and were analyzed within 4 hrs.
Loss of CO through the plastic is not expected to occur before
6 hrs (Consolazig 1963). X.Losses through the rubber stoppers

-

used to seal the needles would be negligible.”
’/
D. Testing the effects of nitrogeﬁsfertilizer on earthworms

under laboratory conditions

Ten one-gallon jars were filled with alternate layers of

white quartz sand, and potting soil containing dolomite. The



bod{gs of the jars w sgua}e (15 x 15 x 15 cm) with faanded
edges. A layer off 500 ml of sand was piaced into the bottom of
each, followed'by»gno ml of potting soil which was lightly .
pressed when in the ;af. These were followed by layers of 229
ml sand, 500 ml potting soil, 250 ml sand, and a final 500 ml "
of potting soil. A layer of 500'ml of crumbled leaf littéf i
collected in an alder‘;hicket was then édded to each jar. |
Five of the jars were us d.as a control. For the remaining
five‘an equivalent treatment Cf 140 kg N/ha (0.92 gm) of the
Terico fertilizer used in the field éxperiment was placed uni-
formly under the layer of litter in each jar. Each of the 10
. jars was then given 500 ml of water poured 100 ml at a time

- .
over the litter.  The jars were left uncovered overnight at

room temperatﬁre. In the morning they were sprinkled lightly
with water to moisten the litter (about 50 ml "additional water
ber jar). _

Earthworms were obtained from a local sales merchant."

They were all relatively large of the genus Lumbricus, mainly,

if not all, Lumbricus rubellus from their appearance. They

were broyght to the labgratory, individually iashed, dried,

and weighed, and piaced into the 10 jars, six to the jar. The
tops of the jars were then qoveréd with\a paper towel fixed B
with a rubber band. The jars were wrapped in dark plastic

and held at about 13°C for 39 days (2§ September - 7 Novemberi/'

1977).

On 7 November the worms were reﬁo#ed from the jars and
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individually washed, dried, and weighed. Sambles of soil were:
collected from the three layers of pottxng so11 ‘in’ each Jar

- (some sand was now n1xed in w1th the 5011),,Qnd/allowed to air

dry for 1 week. The pH of the soil was then dqterm1ned in the
same manner as the f1eld so11 samples except that the soil was

not: ground and s1eved

Reiilts

¢ -

-

The number of moleh1115 O}*and CO \3n the. tunnels and "

soi;,‘pH, and soil,mdistdre for the territories 4, 7, and 10
areﬁgiyenvin Appendibes-49151 respectively. In most cases it
wes‘hot possible to sample the tunnei air f;om all 10 tubes,
;nd the soil air from all five tuhes, because some tubes were
usually pulled from the ground by 1ivestock. As a result the
sample sizes for these parameters varied. In.each case when a
tube was pulled from the ground’ it was simply repositioned and
left until the next sampling period. The moles themselves rarely
plugged the tubes with earth. ‘

Table 22 shows the pooled nhmbers of fresh molehills found
in the control groups, and those treated with 70 kg N/ha'and
140 kg N/ha at each sampling ‘date. Hill counts for indifigggl,‘
plots are in Appendix 52. It can be.seen from these totals that
there were no reductions in the number of molehil?s as a result

of the fertilizer treatments. There were ‘measurable (1-25

ppm) amounts of nitr3§en in the experimental plots after the



Table 22, Tbéipumber of molehills in the five torrithI;sT\»
(foials)'for each treatmeht in the fertilizer experiment.

Counts werq\jade at app}oxi-ately' 2 -week }htervils during

the summer bf 1977. - e B
g ° ., A
:"3 ——— ; == —

. o Total number of hills in treated territories
Date Control 70 kgN/ha 140 kg N/ha
25 April " 139 | 229 - 173

4 May - 99 130 . | 117
16 May . 165 T 229 145
1 June o 104 225 163
20 June Y 142 105
4 July : 86 138 151
18 July * ‘ és 151 99
1 August 23 %’ "84
15 August ' \ 3 . 5 . 50
29 August 40 105 o119

* Fertilizer was qpﬁlied on these dates (See Table2l ).

)



experiment (Appendix 53).

;he correlations obtained between the number of molehills
and fﬁe tuinelAand soil gzses, and soil pH and moisture for
the three territories combined where this information was avail-
able are presented in Table 23. The sbil air samples for terri-
tory 7 on 20 June were o-itgpd from the analyses because on}; |
onedsa-ble was available from that territory on that date.

The samples for 0 COZ, soil moisture, and pH, were averaged

2°-
for each territory on each date, and these means were used in
the correlation analyses with the number of molehills.

Becausé ipformation was not available for certain char-

acters on certain dates, several correlation analyses were

performed to provide the -axigun sample si:ze fqr each chdr-
acter. Only 23 complete samples for all characters were avail-
able (three territories over eight dates with one omitted be-

cause only one sample was available). Therée were 27 samples

. available for the tunnel gases, soil pH and moisture (soil air

was only gampled starting with the second sa.ﬁle date); and

30 sa-plés re available for soil moisture and pH (the mass

spectrometer was. broken at the time of the last sample so the
air samples which had been collected could not he analyzed).
The number of molehills was found to be highly correlated with

the pH of the soil (p < .01), and was also corre}ated with soil

moisture (p < -05).
The analyses were also performed on the individual terri-

tories. The number of molehills was found to be significantly

o TR T TS RRTEL Tl R I T e T SRS e A e
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Table 23. ‘Correli?iong obtained among the number of molehills,

02, and CQ2

pH and moisture in the three territories for which these para-

concentrations in the tumnels and soil, and soil

meters weré measured. Sample sizes are included b;;%kets
representing eight dates from each of two territorie§\gnd‘sev¢n
for the third (n=23), a11 three territories for nihe dates

¢

(n-27), and all three territories for 10 dates (n=30).

;\ .
Character molehills 0O, in\aoz in 0 in CO; in pH

tunnels -tunnels. soil soil

T

02 in tunnels -0.25 , : '
o ) (27) -
; - 'Y " o '
CO2 in tunnels Q.16 -0.92 , ' (
: (27) (27) ,
. Y T aa
02 in soil -0.08 0.86 -0.95
(23)  (23) (23)
- R T 'Y K Y
CO2 in soil 0.12 -0.82 .0.97 -0.97
(23) . (#3) . (23 (23)
'Y .
pH - 0.69 0.00 -0.12 0.09 -0.10
‘ (30) (27) (27) (23) (23)
‘ 2® as P as PP
s¢il moisture 0.40 -0.84 0.87 -0.82 0.84 0.10
(30) (27) (27) (23) (23) (30) '
Py 'Y ) '
p <.05; > ps .01
r

T, R e

e
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correlated with soil pH in territory 7 (}=0.69*), and soil
] 9
moisture; in torritories'ﬁ (r=0.65 ) and 10 (r=0.64 ) (n=10).

In no instance was ihe number of molehills significantly corre-

glated with either CO2 or 02 in the so0il or tunnels. U/”‘*

The percent of O, was negatively correlated with the per-

2

cent of CO, in both soil and tunnel samples, and the concen-

2
trations ofetha gases within the tunnels were posi;i?ely corre-

lated with the concentrations within the soil.

The highest level of CO, found in any individual tunnel

2

sample was 5.5%, and the lowest 0O, concentration was 14. 3%
. .

2
{these are not in Appendices 49-51 because they are individual

samples whereas those in the tables are based on averages).

For the so0il samples the highest level of CO2 was 11.3% and

"the lowest level for 02 was 8.3%. An analysis of variance

indicated that there were significant differences in the gas

concentrations among the three territories on all dates except

N—

5 May. Territory 7 (70 kg N/ha) had significantly the highest
level of 02, and lowest COZ’ t rfitory 4 fcontrol) usually had

the lowest level of O, and highest CO, of the three territories.

2 2
Graphs illustrating the fluctuations in the number of

L

molehills, percent O in the tunnels, and soil moisture in

2
the t*ree territories over time are presented in Figure S. The
pH of the soil is not included because the fluctuations were
slight (this did not preclude a significant corre{ation between
the nunbér‘of molehills and soil pH). There appeared to be

some correspondence betveentho.qppo.rnlo. of molehills smd the
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Figure 5. Graphs showing the fluctuations in the. number of

molehills, O, concentrations, and soil moisture

2
over time in the three territories for which this
information was available. The fluctuations in the
_number of molehills for the remaining territories

were similar. The times of fertilizer applications

are indicated by arrows..
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occurr;)ce of rains.
‘ P2

The laboratory experiment with earthworms showed that

‘those in fertilized soil lost weight, while those untreated.

were gaﬁif%g, thus: ' | .
Before After . -

No. mean wt. iaé No. mean wt. igﬁ
Experiment 31 3.58 + 0.38 ) O 30 3.20 + 0.38 )
Control 29 3.68 + 0.38 ) P=0.72 39 3739 3 .35 ) P&-01

The pH of the soil in-;he control group after the experi-
ment was 5.90 +.0.12 and iﬁ the experimental group 5.61 + 0.10
(baséd on three samples per jar, five jars in each group. The
difference between the groups iSﬁsigAificant (p-é}.Ol). The

lower ‘layers in all jars had higher pH values than upper layers.

Disclssion

The fertilizer treatments did not appear to have any con-
sistent effect. on mole activity in the experimental plots.
The fertilizer also had no measureable effect on, the concen-
trations-of 02 and CO2 iﬁ the soil or in the tunnels of the

moles, nor on soil pH.
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The number of molehills in the thrée territqries for which
the en#ironmental.parameters were measured correlated very
highly with the pH of the soil and with soil moisture. These
results afe-co;sistent with previous resulté (Chapter Z) where
both thesé characters were correlated withrthe acti;ity of —
moles in 10 fields. Soil pH varied from 4.41-5.20. Soil L
moisture was more variable, 11.90-48.98%, because of a long
period of dry weather during the summer. The pH of the soil
is‘important to earthworms (Satchell 1955) and the number of
molehills could be correlated with soil pH because 6f its ‘
effect on a mole's food supply. Earthworm samples were collec-
ted only once before the fertilizer treatment, and twice after-’
wards (data not presented). There did not appear to be any
relationship between the activity of moles and the number or
weight of earthworms, probably due to the small sample sizes.

The CO2 levels en the mole tunnels averaged more than 10
times that of the atmosphere, and reached levels 200 times that
of the atmosphere in individual sampiles. Oxygeg concentrations
were found to be inversely correlated, but not ;o the same
degree. These high lévels of Cd; and low levels of 02 would
normally be exaggerated for moles in déeper tunnels and further
away from the’moiehills because there would be less aeration.

The 0, and CO, contents of mole tunnels are interesting

and important because the mole has a high metabolic rate, digs

underground, and still manages to breathe without surfacing.
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The actual levels of these gases in the tunnels has never. been .
measured before, although Quillia- et al (1971) speculated that
moles may breathe air with as much as 5% C02. It seems, how-
ever that tﬁe levels of these gases are of great i-portance to
moles. This is evidenced in their various adaptions to living
in 02 deficient oir.‘ Korzujev and Koreckaja (1962) have re-
ported that in co-parison to other mammals its own'éize, the
European mole has twice the amswt blood, haemoglobin, and lungs.
The serological composition of the bloo@sf the European mole .
is also different from that of non-fossorial mammals of similar
size (Dabrowski and Skoczen 1962, Quilliam et al 1971). '

I found that Cozylevels in the soil air are about twice as
great as those within the mole tunnels. This indicates how
well the mole runs are aerated, either by diffusion or by the
movement of air through molehills which is related to thp air
movements (wind) above ground (Olzewski and Skoc;en 1968),,23‘
both. The levels in the soil and tunnel samples are, however,
almost perfectly correlated. Thus, although the ruuways are
being aerated the concentrations of 02 and CO2 are still in-
'fluenced by those in the soil air.

The C02 contents of the air of both the soil and tunnel
increased with increasing soil moisture. This relationship
is probably due to the soil air space. As soil moisture in-
creases the soil air spaces decrease and there is less diffusion

of the soil gases into the atmosphere and vice versa. As soil

air space increases with decreasing soil moisture there is an
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‘almost free exchange of gases and their concentrations approach

- ’

éduality.
"In no instaqce did;changes in the COZ or 0Z concentrations
correlate with changes in the number of molehills in any of
the three territories observed. This occurred even though
fertilizer had been applied to two of the territ06£:sf The
fertilizer was also found to have g0 effect on the levels of
the two gases. b
It is apparent that the estimate of Quilliam et al (1971)
of concentrations of up.to 5% CO2 in mole tunnels is too low.
The coast mole is living in ‘unnels with as much as 5.5% CO2
in the vicinity of a hill where the concentration is expected
to be much lower than at a deeper depth and away from aihill.

Laboratory experiments investigating the effects of high carbon

dioxide levels on the metabolism of the Califbrnia mole (Scagaﬁ

nus latimanus) are currently being conducted by John Nogue,
Department of Phygiology, San Jfrancisco State University, San
Francisco, California. The results of his experiments may help
answer questions concerning any possible effects of high

carbon dioxide levels on mole activity. |

It is apparent from the results of other researchers that
o

moles are well adapted to living in the type of atmosphere found

in theig‘tunnelé. These adaptations include increased blood and
haem&é%ébin weight, and §érologica1 factors.

The results of the experiments conducted on earthworms in
the laboratory confirm one theoretical effdxt of the nitrogen
fertilizer on a mole's food supply. The pH of the soil dropped

&

ﬂ,ﬁii\.’d- N
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4
as a result of the fertilizer application, and the weighis of
the earthwot’é/;robably‘decreased because they were sensitive to
acidic conditions.
The éffects of fertilizers on soil fauna have been consid-
ered by many researchers‘ana their results are reviewed by
Marshalllfi?77). The general conclusion of thei? workAis that

any non-;cidifying forms of nitrogen fertilizer tend to in-

crease earthworm populations, but the acidifying forms decrease

r

earthworm populations. Anhydrous ammdniq is lethal when earth-

worms come into direct contact.

Howéver, the high levels of CO2 and low levels of 02 found
in the mole tunnels in this study, and the fact that moles are
known to be living in thesé tunnels, indicates that the coast
mole possesses at least some adaptations similar to those found
in the European mole. |

The field experiment in this study did not support,Ennik's
(1967) hypothqsis that nitrogen fertilizer reduced numbers of
molehills. Neither of the fertilizer treatments had signifi-
cantly fewer molehills than the controls.

Ennik's study also in itself, did not appear to support
his original hypothesis for the following reasons:

1) He had no pre-treatment counts of the molehills so

he had no measure of the usual distribution of mole-
hills.

2) His cut plots were only e-quafter the size of his

grazed plots. The treatm4nts in the cut plots may
] . ‘
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therefore have interfered with each other (cut plots
were 8 m wide; Eurépean moles 'rma,,ll)? move over an
area about 35 m long). | -
3) He only had two replicates of each condition and’
treatment.
4) An analysis of variance testing for differences among
his combined replicates and comparing the number of
molehills in the plots over a 4 year period showed that
although the trend was‘apparently striking, it was not
significant (F=2.10; p=0.2§5. Ennik himself used a range-
‘test on the Qeans; these are my results from the analysis
of his data. -
However, as mentioned previously it is possible that nitrogen
fertilizer can, under certain circumstances, control molehills
by reducing the weights of earthworms. Although Ennik's study
was inconciusive and his results non-significant (by my analysis),
it is possible that the fertilizer he used was successful iﬂ
reducing the pH of his study plots, which resulted in the de-
sired trend. Ennik gid sample the earthworms in his plots and
did not £ind any diffgifiﬁfs,Abut he used potassium permanganate
as the extracting solution which is not the best of procedures-‘
(Raw 1959). . ] |
The ability of an acidifying fertilizer to reduce the pH
of the soil depends on sev;?ni’factors. The nature .of the
soil is important. The composition of the soil colloids, the ggg, -

concentration of the cations other than hydrogen, the base

Y
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satﬁration ﬁnd the ratios of the various cations all interact

in deternining:whether hydrogen ions wiil bacome attache§~to

the soil colloids and thus reduce soil pH. Weather is ai:o

important. A high raiﬂfall will tend to leach cations from the

soil leaving many binding sites on the soil colloids free for

the hydrogen ions to attach themselves (Bucﬁnan and Brady 1969).

These factors could have been more favoﬁrable for a reduction

in soil pH in Ennik's study than in mine and could have resulted -

in a reduction in the number of -olehillgxafter application of

nierogen fertilizer. ' .
Ennik applied limestone along with the ammonium nitrate

in his experiment - limestone increases the pH of the soil,

- but its ability to do so depends on the form used and the

nature of its application. If it is finely ‘round (e.g.
lime (Ca COS))’ it will increase the pH of the so@l.

If it is not it enters the ground very slowly because %
it depends on erosion of the mineral. Ennik does not mention
the form he used. Also, when limestone is applied to a field
as a toﬁ dressing as in Ennik's experiments (as opposed to
being dug into the ground), it may not reduce soil pH for sev- -
eral years (Buckman and Brady 1969). Therefore, it seems un- o
likely that the limestone used by Ennik would counteract any
reduction in soil pH caused by the fertilizer. In conclusion, f
Ennik's observation can be summarized as: 7 ’ :

nitrogen fertilizer-———e>r§duced molehill numbers o g

The mechanism which I formulated for this effect is:
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‘iitrbgeﬁ fertiliier-—qbreduCed pH —reduced.mean ‘worm

weight-—e»reduéed number of mol?hilIs
My experiment shéwed fhat in my study plots:

nitrogen fertiliZexr/'—s=reduced pH
My laboratory’;xperimental results were:

nitrogen fertili;er-—e-feduced pH-—qFreduced medn

weight
And the final model which I have formulated to explain why
fertilizer can control molehill numbers under appropriate soil
conditions is as follows:

acidifying fertilizer —smreduced pH —sreduced worm

\\weight —»reduced molehill numbers
I established correlations between molehills numbers with worm
weight in Chapter 2. There is a good biological reason for
suspecting this relationship to be causal: earthworms are the
chief food source of both the European and coast moles and
determine the amoﬂht of energy available for digging. -

This model can be tested By using acidifying agents other
than ammonium nitrate, ureau, or other nitrogen fertilizers,
and see if these reduce mplehill numbers. A complementary
study monitoring the effects of different -weather conditions,
especially‘rainfalllon the action of these agents would/il§o
be desirable. If possible, earthworm samples should also be
collected in the field by sampling from plots other than those
in which molehill counts are taken. The scope of such a study

is large but, 4f weather-conditions are suitable, funds are
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available for large amounts of fertilizer, and‘several people
are used to collect the necessary data, it may be done within

1 year.
Conclusions

Nitrbgeh fertilizer may be used to control molehill
numbers under certain soil and Qeather conditions. 1If it, or
some other acidifying agent successfully reduces soil pH, |
noléhill numbers may be reduced indirectly by a reduction in

earthworm numbers and weights.

mg»hm.mm R
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"Chapter 5 ~ General Discussion

The numbers of molehills on plots within fields were found
to be significantly correlated with the soil parameters of bulk
density, air space, and water content. Moles pushed up more
hills where soils were 1igwg’!wét, and with reduced air space.
Plots with molehills contained more earthworms and had worms
of greater mean weight than plots with no molehills in the same
fields. When one field (Hatt) with many molehills was compared
with a nearby control with few molehills, the mean worm weight
and total weight of worms per plot were §wgnifican;1y heavier
in the former. In a second pair of fields the mean worm weight
in the Judd field was significantly heavier than in its control.

The physical and biotic enVironnents‘thus apparently in-
fluence where a mole will dig. The relative importance of the
.physical and bi@tic components could not be demonstrated in
this study because the major biotic component, earthworms, live
in the soil and furthermore, could themselves be influenced by
the digging activity of moles.

The habitat differences between areas with and without
moles can be explained in part by the resisténce of the soil
to digging. Heavier and drier soils are more difficult to
penetrate than lighter and wmoister soiis. 'Moles may be digg-
ing in areas where it is easier for them to dig. This seems

reasonable as the mole is a relatively small mammal with a
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high metabolic ‘'rate. Digging and removing earth from the

*;tunnel system is assumed to require a great deal of energy.
Digging in hard dry soilS”cogld be,difficult and thus ener-
getically uneconomical for a mole to occupy such areas per-
manently. , . , N

If the physical habitat is merely a covariable of the earth-
worm supply I conclude that moles dig most in areas where food
is more available. This agrees with conclusions of previous re-
sea;chers. Milner and Ball ?1970) found that moles preferred
mineral rich, f;eely drained, brown or grown podzolic soils-
that are greater than 1 foot in depth and with a pH greater
than 4.0. They postulated that these factors were all necessary
for a good earthworm population, (although they may not survive
in a pH as low as 4.0), and that the digging activity of moles
was only affecfed by the stoniness of the soil.

Fynmilayo (1977) and Glendenning (1959) both concluded
that the density of moles increased only with an increase in
their available food supply. Funmilayo states: ‘... it is
the soil type and soil conditions that directly determine the

"species distribution and abundance of earthworms and indirectl;
the distribution and abundance of moles'.

Funmilayo (1977) also made the observation that in two
étudy areas 'A' and 'B': "The number of molehills per hectare
was 1455 in A and 292 in B or 131.1 ha and 43.6 ha per mole inL -
A and B respectively which indicated that more molehills were

made in deep heavy soils with many earthworms than in shallow
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light soils with a few earthworms". The results of my study
agree with Funmilayo's observation that more molehills “occur
in areas where the earthworm supply is greater. Howev;%: in
my study, and that of Ariton (1936), more molehills were found
in lighter soils than in heavier. This contradicts the obser-
vations of Funmilayo aﬁd of Skoczen (1958) who found most
hills in heavier soils. It should be noted that neither

'F ilayo or‘Skoézen measured soil bulk density so that their
uf?igf the term "heavy" may be inaccurate. '

The physical characteristics of the habitat may influence

the number of molehills indeﬁendeﬂ y of the food supply.

Hardy!(1945) points out for exénp . that the habitat of an

animal not only provides food, but ords shelter. Moles-
depend on their. tunnel sfstels for shé ter - it is where fhey
live. The species thus has certain habitat requirements which
go beyond the provision of a food supply.

Perhaps the best évidence that the habitat influences
directly the digging activity of noleé\is seen in the correla-
tion analyses of Chapter 2. The number of molehills was found
to be strongly correlated with the total weight of worms,
negatively with the bulk den51ty of the soil and waten content,
and further s1gn1f1cant1y correlated with the mean we1ght of
worms and soil moisture. If the physical components of the
habitat were influencing the number of molehills through

~

their effects on earthworms, it would be expected that the

mean and total weights of earthworms would show the same rela-
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tionship to physical habitat components as did the. number of
molehills. None of these similarities WMAS foun&-(Tabla 1).
The total weight of worms showed no significant correlétiqn .
with any physical habitat parameters. Mean worm weight was
found to be positively correlated with the bulk density of
the soil. This correlation would have been-pegative if the
physigg#l habitat was exerting the same influence on eart*worns~~
as on molehills. _ . . ?

This is not to imply that the physica},conponents'of soil
do not effect earthworms. The relationships of earthworms .
with the physical characteristics of the soil are well esta-
blished (Satchell 1955, Edwards and Lofty 1972). In my study,
however, correlations between earthworm measurements aﬁd soil

¢

The multiple regression analysis of the variation between

characteristics were low and generally not significant.

plots indicates that the earthworm and physicél habitat para-
meters measured explained only. 35% of the yariability in the
number of molehills. I cannot account for this result in view
of the significant correlation and F-test results obtained
from other analyses. Correlations are no proof of causality.
However, if there is a strong correlation between two variables
and there are good biological reasons for suspecting a causal
relationship, the correlation -analyses can strongly suggest
biological relationships. The F-test results are in agree-
leﬂt with those of the correlation analyses. The only apparent
‘FSifference between the plots used to make the comparisons were

the priiﬁgce or absence of molehills. Therefore, I conclude

L 3

B ebis
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'that those variables found to be significantly different be-
'twean the groups are of i-pbrtance_in determining thelpre-
sence or absence of molehills.

The conclus1on of the regression analysis would be that
although several of the factors were found to be significant

to molehills, there may be other unmeasured factors important

in the determination of their numbers. These may include sur:

face vegetation, the sex and age of individual moles respon-
sible for the molehills and whether or not the molehills are on
newly formed or ioaﬁ established territories. There may also
be degrees of synergism and/or antagonisa between the factors
measured, or between factors measured and unmeasured, which
would be~qf importance. |

I am unable to speculate on how much of the variability
in the number of molehill counts is accounted for by the
different individual parameters that I measured. The multiple
Z}egtession analysis on the results of the present habitat
selection study may be misleading because of the apparent
interactions of the variables themselves and possible synergy.
Therefore, it cannot be concluded from the low coefficient of
differentiation tﬁi&{%he characters I measured were of little
~importance to moles. The F-test results showed that the bulk
density of the soil was‘related to the number of molehills.
However, in the nitrogen fsrtilizer study (éhapter 6) 1
establtsh d that the number of molehills within the same terri-

tory varied over time as did changes in soil pH and moisemre

‘ﬂ\\\\.
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although the bulk density of\khe soil did not alter. This
type of interaction increases the variability of my habitat
measurements but at the s;ie time decreases the total coeffi-
cient of differentiation for the data. Similarly, the mean
weight of the worms was found to increase with increasing soil
bulk density, and the'hunber‘of molehills increased with in-
increa;ing mean weight of the worms. However, the number of mole-
hills decreased yith increasing soil bulk density. Although,
these relationships can be detected by univariate methods of
data analysis they confuse a‘-u}tiple regression analysis when
the number of molehills is the dependent variable.

I conclude that the bulk density of the soil, soil mois-
ture, water content, and mean and total worm weights are of
importance in influencing the presence or absence of molehills
in an area, and along with soil pH, the number of molehills
produced.

4

| It was a priori Pnclear as to whether moles dig more i?;
suitable or unsuitable habitats. In my study moles were found to
dig more in areas where there was more food than in areas where
there was less food and where it was'%asier‘for them to dig.
These characteristics seem biologically favourable to moles so.
I conclude that they dig most in a suitable habitat.

This conclusion implies tHdt moles &;g more if they have
more energy available to do se, than if they have less and/or it
does not require much energy to dig. Because molehills are pushed

up during the construction of the deeper tunnels characteristic

of per-
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manent .territories (Godfrey and Crowfoot 1960), it can be con-
cluded that moles only establish iétritories where there is a
good food supply and where constructing the tunnel system does
ﬁot require large_;mounis of energy.

This deduction is consistent with Godfrey's. (1955) find-
ingé on habitat differences in the types of tqnhels canstruc-
ted. She fomnd that European moles in reacently ploughed fields
(where there are low numbers of earthyorms) cons!‘ucted long
shallow tunnels which were shortly abandoned. ‘j

There seem, therefore, to be two hunting stfategies used
by moles. If,there is an ébundance of earthworms the mole
will construgg_g permanent 'pit trap" system. Because there
are many wozﬁs the chances that they will enter the tunnels
~are greater/than otherwise and a pit traﬁ systeﬁ is effective.
If, however;\there are few earthworms a pit trap system would
not be expected to be effective and moles must dig after the
worms and construct shallow hunting tunnels which grevnot per-
manent and must be constantly constructed anew. Moles can only
us;‘this latter strategy if they obtain more energy from their
food supply than is required to constantly construct néw tunnels.
Thus, if there are few earthworms and the soil is hard the
mole would probably lose more energy digging than it obtains
from its food supply, and it is in such areas where moles are
absent. -

Soils may be difficult to dig at one time of the year and
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not at others, and soils which have few earthwdrms at certain
times of the year may have a greater supply at other t::%s.
‘This may occur due to the eaffect of seasonal changes in soil
moisture. Dry spils are more difficult to dig in anq contain

fewer earthworms than wet soils., In the B.C. Lower Mainland

the soil is drier in the .summer than in winter (Appendices 15,

16, 40-49), and I found moles entered areas in winter that
were unoccupied during the summer (Glendenning (1959) obéer-
ved that moles emigrated from cultivated fields to pastures
in winter). I was also aBle to measure an increase in the
number of molehills pushed up during winter, as Glendenning
(1959) stated.was the case. An increase in soil moisture
during winter may explain why the bulk density of the soil
was not significantly related to the number of molehills in
winter where;s it was at other times of the year.

‘If moles enter a new area in winte; they may be able to

g
construct enough tunnels for the whole year by the time the

soil begins to dry. ' If the tunnel system only requires mini-

mal repair during the summer, the moles may be able to live
in areas where the earthworm supply is less abundant at that
time. Otherwise, they would expend more energy digging (due
to the dry soil) than they would get from their food supply.
However, the food supply may become so low in summer that the
moles would be unable to sustain themselves in the areas they
had invaded during the winter, in which cdse they must still

leave the area and resume a nomadic type of existence.

Lo e okl
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It is surprising that~the-atnosphere;in.mble:tunnels is so
low in O, aﬂd:bikh in CO,. The.CO, levels found in the tunnels
were higher than expected, and above the extreme predicted by
Qﬁilliam et al. (1971). Moles are well adapteg\igbliving in
such an environment and. their digging'activity,did noi ippear
to be limited by*it (Chapter 4). Carbon dioxide levels may | |

increase in the tunnels in winter, but I found that mole activity

increased in winter and therefore CO2 would not appear to limit
digging at this time either

//§FMethods to control moles have been given considerable ¢
%tent1on by researchers (Chapter 4). No completely success-

ful and economic method for reducing the number of moles or

molehills has been found. The mole is difficult to control

s A W

because it ljves under a croﬁ which the farmer wants to protect,
and it lives in the soil’ in which the crop grows!ﬁ Intrédu;ing
predators is not possible because the mole has few natural\ i
predators except for owls which feed upon young moles during ‘
dispersal. The control of the mole must therefore be accom-

plished by altering its environment, and in doing so the crop_

may be affected. Moles usually do not accept poisoned baits
and-setting traps for them is uneconomical on a large scale.

The most effective means of control is to kill the earthworms,

their major food sourcé. This procedure, however, is detri-

mental to the crop because of the effects of earthworms on

soil fertility (Evans 1948).

%\Efﬂ;u U o
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Mechanical repellents may eventually be useful in cons:
trolling moles but they have only recently been put on the
~market. Their efficacy in reducing mole populations hayg not

yet been demonstrated:

e

Overall, ‘the method which appears to be the most promiSing
is the use of chemical fertilizers (Ennik 1967), or other soil
acidifying agent). There is some evidence that these‘agents
reduce the number of molehills in treated areas, and they pro-
bably produge this result by killing, or at least reducing the
weights of, earthworms. The 'advantage of applying fertilizer
is that it theoretically should not indiscriminantlx wipe out
the soil fauna, but should only }educe earthworm popuiations,
and should be advantageous to the crop. Because this method
appears to depend on a rgg;;tion in soil pH, only acidifying
fertilizers would be effective’in mole control.

The disadvantages of u§}ng fertiliiers are that they
depend on the specific properties of the soils to which they
are applied for their ability to reduce soil pH, and és may be
apparent from my study, their effect is also dependent on the
weather. The lattyr may be indirectly related to the base
saturation of the soil.

In my experimental study the application of fertilizer
did not result in a statistically significant reduction in mole
activity as measured by molehill numbers. Close examination
of the‘data in Ennik's (1967) paper showed that his resglts

may also be non-significant statistically. However, the acidi-

fying effect of fertilization and the effecg of this on earth-

e

LTS AN



P e it Py 30, el S o ek i s S - e et | 0, A L p- o) COTE L YIRS A
—_— L
.

L

worms in the soil has been demonstrated in the field for ammon-
ium sulfate (e.g. Jefferson 1955, Rodale 1948). I was able to
demonstrate {;lthe laboratory that the same effects were pro-

duced by ammonium nitra;? and ammonia (as urea) at a concentra-
tion of 140 kg N/ha, one,of the treatments used'by Ennjk (1967).

It would therefore seem possibl; that, given the éorrect
weather and soil conditjons, application of fertilizer could
result in a sufficient effect on earthworm populations to re-
duce nolé activity. -

Tﬁe habitat preferences of the coast mole were studied by
establishing artificial sampling grids in areas where moles
were found to'b? digging. Plots on those grids were them used
for enumerating the molehills, sampling earthworms and soil,

" and as units of compérison. This procedure was found to be
successful in establishing relationships between the number of
hills with the habitat. This technique does not take into con-
sideration the natural distribution of molehills in the fields.
A division between study plots may fall in the middle of a
center of high mole activity and thereby inide thi}zcent;r
into two parts of lesser activity.

Thé\désign of the study may be improved in certain ways.'
First, taking the distribution of the molehills in the field
into cogJideration while setting up the study plots may result
in establishing more accurate relationships between the number
of molehills and habitat. The problem with this technique,

however, is that it will require that the plots be of unequal

size. .
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A second possible imprevement to the design used in my

o2
-

study would be to count the number of molehills and samp}ggthe

earthworms and soil at more frequent intervals over a large ,

number of fields. This was done to some extent within the same

i

field in three mole territories during the symmer of 1977, This
approach may be more ﬁseful tn monitoring the relationships
between the number' of molehills and changes in such variables

as soil air space, soil moisture (weight of water/dry weight

of soil) and the earthworm ;opulation which can change fairly

quickly. This technique established relationships between the

number of molehills and soil moisture and pH (Chapter 4). The

sampling of the earthworms may prove to be a problem because of

ot
.l'{&:\'dtﬂm

destruction to the populations by applying large amounts ;f | {
formalin extticting solution to the soil. Nevertheless?«th}s | \
technique may still be of some use. N ¥
An investigation into the effects of the sex and ag;ﬂof
moles and of new territories on the number of molehills pfo-
duced in a territory would seem to be a profitable line of /
research and would nicely compleﬁent the present study. This
would involve counting the number of molehills in several terri-
tories periodically until a trsad is established, and then cap-
turing the individuals and determining their sex and age.; ~\~/
Studying new territories may be less profitable. It would e
—~ involve monitoring th? activity of moles within se?eral fields

\ until the seasonal distribution pattern of molehills is estab-
NS
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- 1tshed, and then following the progress ofla new tefritory
(most likely to appear during dispersal or inter).which may
become est;blished.

Ideally it wou;dAaléo be of interest to pursue the dis-
tinction between earthworms and the habitat in their effects
on the number of molehills in an area. I feel that this is
definitely the key question which has arisen from this thesis.
Unfortunately it will be ,extremely difficult to answer and 

Y,
there is no immediate solution.

-
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Summary

1. The relationship of the aumber of -olohills to the food
supply and physical habitat of moles was investigatodf!!’lo
fields in the B.C. Lower Mainland. Moles were found to dig
most in areas of lighter, more moist soils with a greater mean
weight of eaythworms. Moles also showed the same relatiomship
to their food supply and habitat in terms of the number ofv¢/“¥
hills pushed up with lho additioﬁ that they also ﬁn:hed up mOoTre
hills where the total weight of the earthworms and the soil

pH were greater.

2. The number of molehills pushed up was significantly
correlated with the bulk density of the soil in summer,
autumn, and spring, and with soil air space in spring. The
number of iolehills was not significantly correlated with any

of the habitat parameters measured in winter.

3. An attempt to reduce the number of molehills through the
use of nitrogen fertilizer as done for the European mole by

Ennik (1967) failed. In the laboratory it was determined that

' the fertilizer does significantly reduce soil pH and the weight

of earthworms, and that it could reduce the number of molehills
through this relationship. The field experiment may have
failed because of weather conditions and/or soil characteris-

tics.

4. The (:02 content of the atmosphere in mole tunnels was

found to be as high? S.5%, and the 02 concentration as low

, /
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as 14.3%. There was no measurable relationship between the
concentrations of these gases and the mumber of molehills pro-

duced in a territory.



APPENDIX 1.

APPENDICES

The number of molehills in the 100 study plots”

(10x10m) of. the Keur field on 1 June, 1976. Plots for w*ich

earthworm and soil samples were collected are outlined.

Plot 1 2 3 4 5 6 8 10
1 10 16 7 11 1 10 7 1
2 0 4 11 7 |42} 23 1 9
3 1 0 4 8 [16] 19 4 6
4 0 0 & 4 |12 5 0 9
5 0o 4 6 10 6 3 0 8
6 0 0 5 1 31 1 0
7 0 1 0 0 0 0" 0 0
8 0 o0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0

10 0 0 0 0 0 0 Q 0

4
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. APPENDIX 2. The number of molehills in the 100 study piofs
(10x10m) of the Laity field on 2 June, 1976. Plots for which

earthworm and soil samples were collected are outlinmed.

Plot f 2 3 4 S 6 7 8 9 10




112

APPENDIX‘ 3. The number of molehills in the '100 study plots
(10x10m) of the Robertson field on 8 June, 1976. Plots for

which earthworm and soil samples were collected are outlined.

Plot 1 2 3 4 S 6 71 8 9 10

3
k]
i
:
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APPENDIX 4, The number of molehills in the 100 study plots
* .

(10x10m) of the Judd field on 4 June, 1976.

earthworm and soil samples were collected are outlined.

Plots for which

114

Plot 2 .2 3 4 5 & 7 8 9 10
1 .7 7 15 4 23 18 14 4 23 [37
2 s 23 36 [14 13 18 13 2 41 54
3 11 26 22 1] 13 17 21 16 36 68
a 24 9 |39 17 14 |19] [36]" 918 24 26
S 18 24 32 S0 48 s 16 17 7 23
6 2 10 30 4 47 9 14 44 20 23
"7 [a] 4z 102 57 aa [351] 19 s 18 16
8 17 13 [|17] 30 s0 20 f16] 16 9 9
9 40 44 26 32 14 19 37 10 6 17
1o 38 9 7 14 14 37 ~20 14 26 31
1l
v
=
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APPENDIX 5, The number of molehills in the 70 study plots

(10x10m) of the Gadicke field on 11 June, 1976. Plots for

which earthworm and soil samples were collected are outlined.

Plot 1 2 3 4 S 6 7 8 9 10

1 0 2 2 9 0 7 4 2 7 2
2 18 2 8 2 3 10 1 4 315
3012 9 10 3 2 13 12 2 6 7"
4 8 22 6 6 0 9 9 0 4 8
7
5 |4 19 * 0 2 7 14 U 3 2]
6 6 12 .0 0 1 4 5 6 12
7 3 6 0 0 0 8 6 0 3 1

i
i
by
7
3
4
S
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APPENDIX 6. The number of molehills in the 64 study plots
(10x10m) of the Campbell field on 9 June, 1976. Plots for

which earthworm and goil samples were collected are outlined.

Plot 1 2 3 4 5 6 7

8
9

11
11 17 36 12 23

[3 14 43 55 29

3 1 4
. :

5 13 6 11 28 24 11 17 26
6

7

N
N
(V]
—
N
N
(7]
»n
on
—
QO] ©O © ©
(=}

7 12

13 40 17 28 64 33 17 64

22 17 35 41 76 28 16 18
8 7 5 15 4 15 29 8 23
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APPENDIX 7. The number of molehills in the 84 s udy plots
(10x10m) of the Perkin field on 11 June, 1976. Plots for

which earthworm and s0il samples were collected are outlined.

Plot 1 2 3 4 S 6 7
1 1 0 0 ’ 1 0 0 0
2 1 0 0 0 6 0 0
3 4 0 0 7 8 10 2

-4 0 8 S 0 3 0 2
5 0 0 1 6 0 2 6
6 1 0 5 0 1 12 4
'7 1 0 0 2 4 8 23
8 0 0 3 10 13
9 0 0 1 10 5

10 0 6 S 2 1

11 1 2 3 0 1
12 20 3 18 2 2
13 1 23 6 0 9

14 24 22| 9 v 1
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APPENDIX 8. The number of molehills in the 100 study plots
(10x10m) of the McConnell field on 12 June, 1976. Plots for

which earthworm and soil samples were collected are outlined.

Plot 1 2 3 .4 S5 6 17

12 0- 0 2 38 13 11 0

44 18 35 9 S 1
21 52 62 27 3 4

~3
(=]
o
(=]
~ o

o
o

9 10 11 4 10 21 20 13 11

10 4 3 12 17 11 13 S 18 10 6
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APPENDIX 9, The number of molehills in the 100 study plots
(10x10m) of the Brink field on 13 June, 1976. Plots for which

earthworm and soil samples were collected are outlined.

A

~3
[ -]
o
[
o

Plot 1 2 3 4 5 6

1 o o o o0 ©0 0 ©0 0 0 _ 0

2 1 0 o0 o0 0 0 0 0 zs/L 9

3 0o 0 o0 ©0 O o0 0 o0 10 7

4 0o o0 o o0 o0 o0 0 1 28 27

s 7 9 0 o0 O O ©0 0 7 14

6 19 3 o0 ©0. 0 0 0 0 2 13 -
7 {33 4 12 3 0 0 1 1 2 14| \

8 16 8 18 1 0 0 o 16 8

10 0 1 2 1 4 0 1 0 16 7

W



120
i
{

>

APPENDIX 10. The number of molehills in the 100 study plots .

(10x10m) of the Hatt field on 13 June, 1976. Plots for which

-

earthworm and soil samples were collected are outlined.

Plot 1 2 3 4 5 6 7 8 9 10

1 38 45 23 17 15 10 2 2 3 14

2 41 27 24 32 23 10 12 14 0 2
45 41 17 18 7 19 14 7 10 - O

4 14 33 27 37 [40] 20 17 12 11 13
5 22 40 8| 19 33 32 21 27 31
6 22 5S4 29 27 31 24 (a2 s9 s1 27
7 18 24 43 26 16 26 28 42 64 52
8 [a3] 26 [42] 47 37 [67] 48 60 59 42
9 16 22| 13 19 60“\]é9 54 42 55 48

10 14 12 9 15 21 10 20 24 33 37
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APPENDIX 29. The age distribution and recruitment of a

population of coast moles

When the level of mole activity is compared to physical
and biological habitat components it is ass d that there
are always sufficient individuals to popula the areas con-
sidered. The purpose of this study was to/determine the
level of recruitment of new indiyiduals i Eb/nole populations
in the latter half of 1976 and the beginnﬁng of 1977 by inves-
tigating the reproductive rate, the popul&tion age structure,
and by observing the reoccupation of vacated areas. Measure-
ments of sex ratio and body weights were also obtained.

” s

Methods

Moles were trapped using the English scissor trap on a
farm near Aldergrove,-B.C. Trabping was begun on a 1.2 ha
pasture on 10 July 1976, and was extended into an adjacent
3.2 ha pasture on 26 December, 1976. All trapping ended.on

@25 February, 1977. -

The following numbers of days and trap nights were

s : 4
spent collecting moles:

\.“’
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Month Trap days Trap nights No. -of moles
caught
July 12 194 5
August 8 96 4
September 8 ° 64 4
October 2 16 1
December S 125§ 4
January ) 2 50 1
Fébruary 4 100 4
Total 41 Q 945 23

-

The number of traps set varied from 8-25, and they were left
for 2-5 days -at a time.

The uteri were removed from females and fixed and cleared
after the method of Orsini (1962). They were examined under
a dissecting microscope for placental scars. Ovaries were
preserved in aqueous Bouins solution. They were sectioned
at 7 mu and stained with eosin and haenatq;:;in. They were

then examined for corpora albicantia as in ators of pre-

vious pregnancy.

he standard procedure for determining the age of moles
has zien’to exa-ine-their teeth for progressive stages of
wear (Deparma 1963). Keys for aging the European mole (e.g.
Mellanby 1971) are available but are of little use in aging

the coast mole as its dentition is markedly different. Glen-
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denning (1959) aged 940 coast moles using skin texture and
weight but he does not clearly state his method nor does he give
any criteria. I devised my own key based on tooth wear (denti -

tion formula is: 13/3, Ci/1, PM4/4, M3/3), which i8S as follows:

/

Class Estimated Identification of teeth
age
A 0-1 yrs no noticeable wear
B 1-2 noticeable wear on the fourth premolar,” +

1st and 2nd molars; some wear on 2nd

3

and 3rd Bremolars

C 2-3 extensive wehr on 4th premolar, 1lst
and 2nd molars; 2nd and 3rd premolars
wonn to flesh )

D 3-4 same as previous with the-a&ditioﬁ
that canines and 2nd and 3rd inciso}s

are qlso worn to flesh

-+
The keys for the European mole extend to an age of 6
years. There appeared to be oqu four discrete categofies of':
tooth wear for the coast mole. The categories of tooth weér"
. could reflect habditat differences (Depa}ma 1954), so the ages
.shoﬁld be regarded_il estimates only. "~ Four représentaxive'
skulls illustraping the four categories of tooth wear are

-

shown in Figure 6.

Sa b
i .
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Figure 6.

Photograph of four mole skulls showing the four

categories of tooth wear used to assign age.

[ 3]
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Results

A schematic map of the study area showing the relative
positions:-of the individuals caught along with major land-
marks is presented in Figure 7. Table 24 shows the dates on
which ihe individuals were caught, their sex, weight, and

s
estimated age.

] A total of 25 moles were caught. Two were captured alive °
and subsequently escaped so there is no data for them. Of the
remaining 23, 13‘weré males and 10 were femalqs. The average
weight for males was 65.32 + 2.54 (95} confidence interval)
gm (Range 63.86 - 77.38 gm) and for the fenale§ 57.22 + 2.54
gm (Range 54.50 - 59.90 gm) for a combined average weight of
65.3 + 3.46 gm.

Dénsities were computed for 24 individuals. Fifteen of
the moles were caught in the 1.2 ha plot, and nine on the 3.2’
ha plof. The smaller plot thus had a dgnsity of 12.5 moles/ha
(5/ac), and the larger 2.8 moles/ha (1.12/#c). The overall
density for the two plots combined was 5.45 moles/ha (2.18/ac).
I estimgted that there were 4 uncaugﬁi moles in the 3.2 ha
plot.whic; would aflter the density estimate on that'plot to
3.25 moles/ha (1.642/ac) and the combined estimate to 6.36
moles/ha (2.54/ac]. f

The smaller plot was completely trapped out by 26 Octo-
ber, 1976. All but one individual had been caught by 21

September, 1976. No new ipdividuals were caught or seen to

enter the area after that | ne’. However, during the trapping

\

-~
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Figure 7. :Schematic map of the'fgrm near Aldergrove, B.C.,
used in the recruitment study. The positions and
sexes of the individugls capfured'are marked (iden-

_tification numbers of females are circled), as well

as the estimated positions of uncaught moles.

-
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-

Table 24. The loleswcaught in the study.

-

Identification.( Date cadght Sex Weight (gm) Estimated
. _ o age (yrs)

A-1 11/07/76 n 69.23 0-1

A-2 11/07/76 £ 58.73 1-2

A-3 16/07/76 f 69.90 3-4

A-4 16/07/76 £ 59.45 1-2

A-S 19/07/76. n 74.94 2-3

A-6 4\05/08/76 - £3.86 1-2

A-7 07/08/76 £ 59.25 1-2

A-8 09/08/76 m 74.89 " 2-3

A-9 11/08/76 n 71.80 1-2

A-10 21/09/76 £ 51.50 1-2

A-11 \\L 21/09/76 £ 58.63 0-1

A-12 . 21/09/76 n 64.78 1-2

A-12° 21/0947 n 68.61 . 2-3

A-13 26/10/76 n 71.23 1-2

A-14 . 27/12/76 £ 5§7.29 "1-2(0-17)

A-15 27/12/17 £ 55.18 1-2

A-16 27/12/76 n 73.21 2-3

A-17 30/12/76 n 76.59 2-3(3-47)
- A-18 —\.06/01/77 n 69.62 2-3

A-19 ¥3702/77 f -~ 55.40  0-1

A-20 23)02/77 £ 57.84 ’i::>.o-1

A-21 25/02/77 n 77.38 1-2

\ |
, L
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of the smaller plot there were two instances when new moles
entered the study area.. Mdéle A-4 was active in #n area which
previously had no activity.v It was caught almost immediately
| after it entered the area. Mole A-6 entered the territory"
vacated when mole A-2 was captured. It was active in the

same runways and was caught only 2 m from where A-2 was trap-
pe&. A possible third instance occurred with moles A-12 and
A-11. Both were caught within 2 m of each other on the‘same
evening; both could not be occupying theisame territory so one
was probably an intruder. The new moles entered the study area
from the periphery of the field from a large grassy ditch.

The ages of the 23 individuals caught were estimated to

D et et —————

be as follows: 4 - 1 year, 12 - 2 years, 6 - 3 yearsk and
1 - 4 years. Méles were on the average slightly older than
females. ‘
No placental scars were visible in any of the 10 uteri
examined. The uteri from the two females caught in February -
were: greatly enlarged and aneared to be 1n reproductive condi -
. tion. Examination of the ovar1es 1nd1cated thattpple A-4 had
.bred but was inactive at ‘the t1me of capture, A 11 was Juven1le
“and had not bred, and A-4 and A-15 were enterlng oestrus. The
~ breeding conditions of the pvaries of the~renaining individuals

could not be determined.
Discussion

The différgnpe in thefdeqsities of the two plots studied
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may be due to dif;;rences in habitat. The smaller plot con-
tains a barn which attracts cattle. The cattle were invariably
on the smaller plot and stayed away from the larger even though
they had unrestricted access. The smaller plot thus received
larger amounts of manure. This in turn could support a larger
earthworm population, and therefore should be able.to support
more moles. Pederson (1963) maintains that manuredhplots can
support higher densities of Townsend mole populations than un-
manured plots.

The higher density in the smaller plot could also be due
to recruitment.  Glendenning (1959) mentions that the density
of the coast molé varies from 10.2/ha to 0.072/ha. He found
that the densities of moles carrelated highly with the numbers
of earthworms in thg fields. His highest density is still below
that obtained for this study, perhaps because my sfhdy area con-
tainéd more earthworms than the fields he sampled. If, how-
ever, thé‘two moles which appeared to invade the stiidy area
are excluded from the estimate, it ﬁow becomes 10.8 moles/ha,

which approximates thé maximum density quoted by Glendenning

(1959).

-,
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Glenﬁenning (1959) mentions that 74 mature (over 1 year
of age) male coast moles trapped over 10 years (November-
April) weighed 74.3 '+ 5.6 gm (64-91 gm),and 30 mature females
weighed 69.8 :'4.1 gm (61-79 gm). He further mentions that
from May-September 1934, 52 adult and yearling males weighed
63.2 + 8.01gm (42-77 gm), and 53 adult and yearling felales
weighed 58.1 + 6.6 gm (40-80 gm). He also states that the
average weights for wipter (Norenber-May) were tonstant.and

that the weight records indicated that moles of all ages had

an abundant food supply dpring wintér.
There does not appear to be any pattern in the distribu-
tion of males and females in the study¢plots (Figure 7). In

the smaller plot the 2 sexes appear to be randomly distributed.

~

In the larger plot the females, are localized in the eastern

half and the males in the western half, but several moles re-
n ned uncaught so any conclusion would be tentative. Sili-
larly, there did not appear to be any pattern in the distr1but10n

-

of the age classes in the study plots.
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Glendenning (1959) found that ‘45% of the coast moles
which he trapped from Nbiember-April were adults over 1 year
old, and 6% were adults over 3 years old (based on skin tex-
ture and weight). The remgiﬁing 55% of the individuals were
less than 1 year old. In;g; study most of fhe coast moles were
_estimated to be 2 years old. I feel that ihis &iscrepancx may
indicate that any distinction between the first two age classes
was inaccurate, and in actual fact 16 of the 23 individuals in
my study were 1 year old, 6 - 2 years, and 1 - 3 years. |

It)appears f;om‘previous work done on the coast and Euro-

[

pean moles, that recruitment is probably' fairly high in moles.
Pérhaps the best evidence for this is presented by Glendenning
(1959) where he gives the yearly number of moles he trapped in
some fields. The moles were persistently successful in reinvad-
ing his trapped-out fields fof the first several years whereupon
after continuous trapping their numbe;s started to decline.
Furthermore,*even though the aé(ual ages of the moles I

trapped in my study could not be determined, there were at

least four moles trdpped at Aldergrove in 1976-77 which showed

no noticeable tooth wear, which would indicate that these moles

4

N~
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were less than 1 year old and that some recruitment had occurred
in that area in 1976.

Further evidence for recruitment is that I caught two moles
within 2 m of each other, one in an area where the previous
occupant had been removed a month earlier. In the instance
where the resident (éstimated age 1-2 yrs) was remove:\f?’was
replaced by an individual of the same age. In the instance
where two moles were caught within 2 m of each other on the same
evening, one of the moles was estimated to be 1-2 yrs 6f age,
and the other 0-1 yrs. One mole entered the study areaApré-x
ducing new hills after the trapping programihqﬂ'begun. The
estimated age of this individual was O-I\yrs. 'If,the'esﬁimatédf
ages are correct it would appear, fhen, aﬁ tHé'immigrant
populﬁtion does not consist solely.of fir} yearﬁindividuals.

i‘The most direct way of proving recruit;Znt'would have
been’to find placental scars in the utéri of the females.
Unfo;tunately\ no placental scars were found in any of the 10
uteri‘examined, probably because most ofuthemméqkld have had! 
their YOUng by the end of April an the .,placental scdfsﬁmay x
have healed by -July when trapping was begun. Two females 5ﬁé:i‘g

two males caught'in‘February of 1977 all had enlargéd gqnads,

R T

4



indicating that at least the &ehtial for breeding\was pre-
sent, The coast mole is known-to breed at this time (Glen-

denning 1959).
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APPENDIX 30. Movements and diel activity of the coast mole

-

Little is known of the EBvbments and diel activity of
. the coast mole. The purpose of this section of the study was-
to determine the ﬁattern of movements, home range area, and ' ‘
activity of a very limited number of coast moles. This infor-
mation was to be compared withxgata for the European (qufrey
1955) and Easterh (Harvey;1976)v901es to determine if reason-.

able'extrapOIations,couldAbe‘madqfabout the dispersal capa-

bilities of the coast mole. -

Methods

- »
The capture of live coast moles proved to be difficult

and time consﬁming. A live mole trap (Moore 1944) is des-
cribed but after 2 months of daily testing it was found to

be unsuitable for coast moles (moles entered the trap but did
not release the trip mechanism).

After 9 field days a-live mole was captured in the Laity
fiqld at Maple Ridge on 8 November, 1976. The mole wgg cap-
tured by monitoring the fieid for moles pqshing up hilis ana
then trying to flip'the mole out of the ground wfth a shovel.

The livq moie of uriknown sex was brought back to thdrlab-\
oratory and kept pmérnigﬁt. In the morning it‘waskanéesthe-:
tized with ether and a coppet band (3x12 mm; wt=2gm), with .20

microcuries of Ir 192 soldered to it was attacheéd to the left..

hind leg. A tail band such as was used for the European male
’ v - . i ‘ . ’ : ’ ' .

/ | | ¢
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'jGodfrey 1955) was inappropriate because the tadl'of'the'coast
_ nole tapers from the body to the t1p, in the European nole
\\\\there is a consttictlon at the base of the tail which prevents
y ‘the band from sllpplng. Ir 192 was preferred over the Co 60
~used by' preV1ous researchers because of its short half- life =)
(152 days),_and because 1t is biologically inert The nole 4a
was then immediately taken to its po1nt of .capture and re-
léased into its runwag. . i . : 1;- c
_ The mole was foliowed using a TechnicaldAssociates PUG1
scintillation counter. An iodide crystal‘probe was mdunted
at the end of a 3 m boom to maintain a distance from the -ole 15
during observation to reduce disturbance. -
The posit1on of the mole was period1ca11y marked with a
snall flag w1th the time of day recorded on it. If the mole"

N
spent more than 1 min in any positiou the duration of this

pause wes noted At the end of each 9bservat1on day the. p051-

*
2

tions of the mole and the times were marked on a map of the

it a8 W

study qrea.

It is difficult to determine the nature bf a mole's activity.

’.»m;‘.x?rﬂ.z:. e,

o

The mole was @ssumed to be - asleep‘ when 1t was at 1ts hest (a

W

site repeatedly used by the pole for sleep) and relalned motion-

less for at least several n1n Because the -ole is underground '

w.
)

,;s
g, - &1

. and the sc1ntillat10n counter is nbt sens1t1ve enough to detect

(v‘e

’-1nor novelents it is usually i-possibleéto deterline-lf'the

o~

lole is feed1ng, sleeping away fron the nest, digging, groon-

“ w
ot ol Pt s bl ek A L

1ng, etc "As a result the data vere categorlzed infg the following

‘ .
N \ . < .
-
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activities: o e, ' \\>

1. moving - if the mole did not remain in one position for -

more than 1 min,

2. stationary - if it.remained within monitoring distance
of the probe (radius of about 15 cm) while it rested on the
ground for more than 1 min, |

3. digging - ihen the mole was actually pushing up earth;

this was not recorded when the mole was heard to be digging x-

but did not bring up soil,

4, resfing‘? the‘peridd immediately after digging when the
mole was observed to move about 30 cm from the new mound and
_stay in one position for several min,

5. asleep - when thé mole was motionless at the nest site
for more than several min, and, |

6. awake - all times when the mole was not at the nest.
The nést site was defined as the place where tbe mole re-
turned to Sleep. It was a definite ‘spot in»thé territery
and vas the only place where the mole slept. The term 'nest'
was usedvby previous researchers to describe the place where
moles sleep. - | '

A'sﬁédnd live mole was éaught at the Laity farm in
January, 1977 after 14'fie1§ days. It,waé tagged and released
in the same manner as describedipféviously except that it was
not kept in the laboratory overnight. However, the mole

appeared ill after the anaesthetic, and when released into

thg tdﬁnel whepgg;twyas caught,it repeatedly came above -ground,

7
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wheezing and snorting. After staying with the mole for 2

hrs in the field, continually reintroducing it into its

tunnel, I left the mole for 2 days and when I returned I

was unable to locate the mole again. Ten days were subse-

quenily spent searching for the mole with a scintillation

counter over a 5-ha area in detail, and cursorilly over about

a 20 ha area; with no success. ‘ _ /
lTwo other -oies were unfottunately killed vﬂile I tried

to remove them from the ground.

Results

A map showing the home range of the mole which was
successfully followed is shown in Figure 8, and the hctivity
periods are shown in T;ble 25. Until the beginning‘bf Decem-
ber the mole confined its movements to an area of approxi¥
mately 39x22 m. During December new activity.was observgd
outside of this range and on 31 January the flagged ;rea was
39x39 m (maximum diameters). Once the movements of the mole
were known the location of the runways appeared to be well
defined by the hills on the surface. However, without know-
ing the wovements it wduldﬁhave been impossible to locate the
runways from the hills Bié;use it is otherwise difficult to
tell which hillS are interconnected by a runway.

The mole spent most of its active periods in tyo ar;a of the

nest. The longer forays to the perimeters of its home range

were infrequent. The mole did have a mest it returned to
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Figure 8. Map of the territory of the mole followed. Thé
position of the nest is marked Qitﬁ an ;x{. Dots
indicate places where the mole's positiﬁn was re-
cotded and usually corresponded with“molehills.
Lines connecting the poéitions of the mole are

estimated positions of the mole tunnels. In a

=

few instances the positions of the tunnels could

not be determined.

L3
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Table 25. Maximum distances travelled by the mole within its
territory during the periods it was followed. Observation

began at the earliest times recorded on each date and the

latest times were when observation ended.

f

Time-active Maximum* jMaxi[unf Time asleep
Date (elapsed time width (m) length (m) (elapsedtime
(mins) in bracketstravelled travelled (mims) in brackets)

10 Nov.  1115-1124 ( 9) 6 C 2 1125-1500 (215)

12 Nov. 0935-1017 ( 42) 30.5. - 1018-1417 (239)

12 Nov. 1418-1533 ( 75) 15 - 13.5

16 Nov. 1300-1519 (139) 16 | 13.5 0910-1259 (229)

18 Nov. . 1030-1105 ( 35) 19.5 I 0900-1030 (, 90)

19 Nov. .1005-1115 ( 70).21 - . 2 . 1116-1530 (194)

23 Nov. 1014-1417 (243) 17 o 12 . 0900-1013 ( 73)

23 Nov. : ‘ 1418-1445 ( 27)
25 Nov. 0919-1526 (367) 38 22 0900-0918 (- 18)
25 Nov. “ 1527-1535 ( 8)

26 Nav. 0916-1210 (176) 19 . 10 - 0910-0915 ( 5) -

26 Nov. , ' _ 1210-1235 ( 25)

30 Nov. 0939-1222 (163) 23 15 1223-1300 ( 37)

9 Dec. .0914-0923 ( 7) 37.5 16 0923-1250 (207)

9 Dec. 1448-1540 ( 52) 29 . 15 ‘ ~

22 Dec. ~ 09@5-0915 ( 10) 13 1.5  0915:0920 ( S)

31 Jan. 0925-1413 (288) 13 34 .

* after Godfrey and Crowfoot (1960)

$> | -
(
\ .

i e
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for sleeping, and this was located in,Bne corner of the te;ri-
tory (Figure 8)./ ‘ 7"

The daily distances travelled by the mole are recorded-
inlfable 25: The days of 23, 25, and 26 Novembqr'contain
infofmation for what appear\to be complete periods of actiVﬁt&
‘(the mole was sleep%ng'ht the nest;site before and after these
periods). it‘éan be seén from the moveﬁents on ;hesé dayg that
the mole did not visit its completé’home range (territory?) \
during one activity period, although it may do so within a 24
hr period (this was not determined) . |

At the beginhing of an obser?atibh ﬁeriod,the‘mqle was
located immediately if it was at its nest. Up tb 1 ﬁr was |
required to locate the mole if it was active when observation
began.. The mole did not séem Eo be active during any specific
part of the day. For any given time the mole ﬁay have begn
active‘l day and asleepf the next. Activity amongst moles
within the field was not synchronous because other moles were
obdkrved to be digginé while the mole I was monitoring was
.asleep.

The mole moved only for sfiort periods of time,-spending
a great deal of its time stationary. Table 26 summarizes the
amount of time spent by the mole at various activities.‘ It
took the mole an average of 30 min to construct a hill,
and it rested about 15 mih immediately afterwards. It
spent a little more than 4 hr awake, and prébably sleeps a

little less than 4 hr (only one complete observation



Table 26. Amount of time spent by t

N

i
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he mole at various

activities (only complete periods of 'asleep' amd

'awake' which were observed are recorded).

'y

. 4

'Category Observations Total'.

°

" Mean Maximum Minimum

n (lin)i
moving - . 34 339 9.97
stationary 66 - 1124 17.08
digging 17 563 33.12 152 5
resting 8 130 16.25 28 9
asleep ' ‘ 1 ' 239 | '
‘awake 3 504 301.0 368 175

2 4
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fzgm monitoring S movements whiie it was digging it seeme

,/,f~£hat thefe were several blind tunnels radiating outward around

) the base'of the hill. The mole would searchlthese tunnels.
-and gcégsionally, after a brief stationary period wh;re I
,pregghéd it was feeding, it would let out several high pitched

squeaks and sniff so loudly that I could hear it through the

gfound.

Discussion

The home ranges of moles are discussed in terms of maxi-
mum lengths agd breadths of mévemen%s (Godfrey and Crowfoof
1960). From 10 November to 22 December 1976 the mole stayed
within an area approximately 39x22 m. By 31 January 1977
the home range had extended to 39x39 m. There are several
possible explanations for this increase in movemént. The most
obvious is that the actual home range was not accurately
measured in just 1 month's observation. Second, the indivi-
dual may have been a male. Male coast moles- may extend their
ranges during the breeding season in search of females
(Glendenning‘1959) as does thé European mole (Larkin 1948),.
Third, there was a mole active previously in the area into
which the mole being tracked entered in January, but this pre-

vious resident was killed in December when I attempted to

remove it from the gfound with a shovel. The mole being
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. Godfrey was using the radioactive isotbpe technique.
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tracked may have been moving iﬁto a vacated territory. It is
noi possible to distinguish betweeq these possible explana-
tions, Sut an importént»obsqrvation is that the mole being
tracked was capable’of moving distances of 39x39 m.

The Rome range measurements for the European mole are
éomparéblé to those of the coast mole in this study. Larkinp
(1948) found that male European moles had home ranges aboﬁiﬁ

47 m long, and females about 30 m. Godfrey (1957) found that

female European moles had home ranges- 37 m long. Larkin (1948)

was estimating home ranéesfby hill patterns and trapping,' <

Glendenning's(1959) observétiqns on the activity pattern
of the coast mole are markedly differént from the results of
my séudy. - From his work on caged moles he concludes that the
coast mole must almost continuously be searching for food.
He mentions that his caged animals rarely remained still or
asleep for more thgn 30 min at a time, and that a mole must g
on the a(erage have a worm every 10 min. or starve He extra-
polates that this situation is true undbr ‘riatural conditions

because the coast mole has Efen observed d1gg1ng at all hrs of

the day and nlght ‘
The European mole has an activity rhyfhm consisting of

approximately 4% hr of activity alternated with about 3%.hr

of sleep (Godfrey 1955) at a nest. Only three complete periods

(from the time the mole was followed after it had been asleep

at the nest until it returned to the nest to sleep again), of

activity were observed for the coast mole in my study but its

</ ‘ i : SN
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mean duration of activity was 5 hr, roughly that of the Euro-
pean mole. Only one complete period of sleep was obsqrved
which was for 3 hr and 59 min, again roughly that of the
European mole.

Within any onefgfriod'of activity the coast.mole did not
travel throughout its coﬁplete home range: This was: also
observed for the European mole (Godfrey 1955) and the eastern
mole (Harvey 1976). |

Y N . . "
This coa€;7mole spent an average of 30 wmin at the base
V4

~

of a hill pé;hing up earth. This time could be considerably
shorter (5 min), and in 1 instance it was longer (1% hr). .
After working on\a hill the mole would‘ihvariably t#ke a brief
rest gvéfaging 17 min. |

~ Even though only one coast mole.was considered in the pre-
sent study certain inferences can be ﬁade about the dispersal
capabilities of the species. Clearly, the individual studied
is very similar in its activity and movements to other species
studied more intesively. A mole appears to inhabit a terri-
tory about 40 ﬁ long, may traverse areas three times ;hat length
if it is a .male duying the breeding season, and could even po-
ssibly travel distances of up to perhaps 800 m if it is young
and dispersing if its movements: are similar to those of the
Townsend mole (Giger 1973).

It seems reasonable, therefore, té conclude that coast

moles in a field are at least capable of dispersing through-

out the study areas I considered in previous chapters (100 x

100 m), and that moles jmmediately outside of this area pro-
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bably have unrestricted access to nostj\lf not all, of the

plots (10'x 10 m) in the study area. _ Iherefore:‘it Seeéms un-

likely that the dispersal cppabilities of the.coast mole

restrict it frpn having aceess to those plots in the study
areas without molehills, and that they are not there for some
other reason, probably because‘the habjtat is unsuitabld, at

least at certain times of the year or in différent years. -

s & -
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APPENDIX 31. The number of molehills in the study plots
(IOxJQ,;n) of the Keur field in autumm '(23/9/76).

R

1 1 -0 7 8 13 17 0 0 1 2

2z 0 0 12 13 21 9 0 2 4 32
3 0 11 14 6 14 13 7 2 0 4
4 0o 0o 8 7 -3 5 9 13 2 s :
5 0 1 2 3 s 1 2 1 2 16
6 1 3 9 8 0 0 o0 1 -0 1
7 0o 0.10 0 ©0 ©0 0 0 0 0
s o 1 % 3 2 o 1 o o o
© o0 1 2 0 2 e« 1 0 1 3
- 0 .0 o 2 1 2z 0o o o0 o
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APPENDIX ‘32. The number of molehills in the study plots
(10x10 m) of the Keur field in winter (17/1/77). |

Plot 1 2 3 4 S 6 7 8 9 10

1 3 1 7 14 18 11 4 10 3 2
2 0 8 16 20 22 15 0o 4 21 37
3 1 11 13 14 25 21 3 38 47 28

4 0 1 8 14 14 13 10 12 6 17
5 0 1 13 18 23 6 6 313 32
6 0o 0 2 0 0 cP 0 1 2 0
7 0 o0 0 2 1 0 0 0. o 0

10 0 0 0 0 0 0 0o 1 4 4
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APPENDIX 33. The number of molehills in the study plots
(10x10 m) of the Keur field in spring (30/3/77).
Plot 1 2 3 4 S 6 7 8 9 10
1 14 2 9 11 24 13 5 14 9 11
o 2 9. 16 15 14 16 16 8 8 17 39
TNs 2 9 15 9 13 16 . 4 23 32 25
& 0 1 10”’13\:\4g 16 2 ‘24 14 21
5 0 1 5 11 14 6 72 8 21
6 0 1 6 0 1 0o o0 4 4 8
7 0o 0 0 0 o o0 o0 0 0 0
8 0 0 0 0 0 o o 5 7 1
9 o 0 0 0 0 0o o o 0. 4
0 0 5 11

e P e WA
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APPENDIX 34. The number of molehills in the study plots of

the Laity field in ;utu.Q (21/9/77).

Plot 1 2 3 4 'S 6 7 8 9 10

1 o 4 3 2 6 2 s 11 7 15

4 5 100 10 7 14 18 18 2 0 6

£
t
i
3
3

5 8 26 19 18 14 8 0 0 3 14

I A

10 0 3 7 12 3 1 4 1 7 . 2
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APPENDIX 35. The number of molehills in the study plots

1

(10x10 m) of the Laity field in winter (19/1/77}3

Plot 1 2 3 4 5 6 7 8 9 10

4 21 41 31 20 51 30 7 1 24 10
5 46 28 39 27 8 1 6 10 5 26
6 59 33 24 2 3 8 4 12 29 0
7 14 32 4 0 8 13 23 5 19 8

10 0 0 3 2 2 2 9 0 1 2




" APPENDIX 36. The number of molehills in the study plots
(10x10 m) of the Laity field in spring (6/4/77).

»

B S Y e et

e 3 A =

176

Plot 1 2 3 4 5 6 7 8 9 10
1 6 15 3 0- 2 5 3 3 4 14
2 17 9 0 0 2 & 5 12 0 .0
3 0o 0 7 11 0 o 5 7 5 0
4 7 317 35 4 0 4 2 0 0
5 34 14 18 9 0o 4 8 0 0 6
6 28 34 16 0 2 0 0 1 10 1
7 0 3 6 7 2 4 6 7 13 1
g8 o0 0 4 0 1 ‘s 7 s 1 6
9 0o 0 0 4 0 8 15 5 8 0

10 o0 0 0 0 1 0 0 3 2 1

o/

- b

T SRR, Y }
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APPENDIX 37. The number of molehills in the study plots

(10x10 m) of the Robertson field in autumn (24/9/76).

Plot 1 2 3 4 5 6 7 8 9 10

1 0 0 0 0 0 0 0 0

0o 0
2 0o o 4 0 0 ©0 ©0 0 1 0
3 0 12 17. 122 7 15 8 1 6 5
4 0o o o0 o o0 o0 1 4 5 2
s o o o o o o 11 5 o &
6 o o0 o0 ©0 ©0 o0 3 6 _0 1
7. 2 o ©0 o0 0 0 2 12 0 0
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APPENDIX 38. The number of molehills in the study plots

178

(10x10 m) of the Robertson field in winter (26/1/77).

Plot 1 2 3 4 5 6 7 8 9 10
1 o o o0 o0 ® 0 o ©0 0 -0
2 0o o0 o0 o0 O O 0 0 0 -0
30 15 19 14 10 11 12 13 13 12
4 0o o o o o0 o0 7 17 8 7
5 0o 0 0 0 o 2 1 0 .3
6 o o 0o o 0 1 1 6 0 0

7 10 o o o 0 0 6 13 0 0
g 10 10 10 1 o0 5 20 2 0 @2
9 8 2 4 4 3 9 2 0 15

10 5 6 10 7 17 1 21 9 7

g S
wf
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APPENDIX..39.- The number of molehills in the study plots,
(10x10 m) of the Roberfson field in spring (4/4/77).

Plot 1 2 3 4 - 5 6 7 8 9 10

1 o o o o0 o0 ©0 0 0 0 1
2 o0 o o o o0 0 0 1 19
3 o ©0 2 S 7 2 & 7 10 15
4 0o 0 2 0 _ 0 0 1 5 12 10
s 0 0 0 gﬂy} o o 2 7 0 0
6 o o o o0 o0 ©0 ©0 3 0 0
7 s o0 0 o0 0 0 1 6 0 0
8 4 6 0 0 0 1 10 0o 0
9 8 3 6 3 0 4 2 0 0 4
10 S 9 6 3 10 S5 15 8 10

=~
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APPENDIX 53. Mean nitrate and ammonia content (E)n) in the‘
territg;>es of the fertilizer experiment. The second applica-
tion of fertilizer was applied 11 July after the soil samples

were collected on that date.

Control 70 kg N/ha 140 kg N/ha

Date/ (Territory 4) (Territory 10) (Territory 7)
Treatment NO3 NH4 NO3 NH4 NO3 NH4 *
11/7 2 0 7 0 0 4

18/7 0 70.2 0 0 4 0.6
25/7 0 0.4 0 o " 4 Q.4 ,

1/8 0.4 0.4 6 0 . 0.6 2

8/8 0.2 2 0 0 | 0 0

15/8 2 0 0 0 f 0.4
29/8 0 0 2 . 0.4 - 3.4 0

PR PR
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