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1. ABSTRACT 

The problem presented in this thesis was approached from 
a predator-prey population standpoint. Populatio n  sampling 
techniques were developed for the host insect in stages 
relevant to the study and for the predator species, and popu­
lation trends were studied using these techniques. Coactions 
of the larch sawfly and small mammals were investigated in a 
restricted u niverse and it was found that small mammals; 
particularly shrews,can discriminate between sound, parasit­
ized, diseased, and dead prey insects. Predation in the 
field was estimated utilizing a modification of an earlier 
cocoon planting technique and by this means the relative 
importance of mice and shrews as predators of the la rch saw­
fly was clarified. The method also indicated th at the time 
of predation on this insect is more limited than was pre­
viously supposed and that predation in this case may not be 
a simple d.ensity dependent factor. It was further demon­
strated that predation upon larch sawfly cocoons by small 
mammals constitutes one of the largest natural control factors 
operating against populations of this insect. 
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2. I:t.I"TRODUCTION 

The larch sawfly, Pristiphora erichsonii (Htg.), is 
probably the chief suppressive agent in standOs of tamarack, 
Larix laricina (Du Roi) (t;. T<::och.) (21, 38). The insect was 
probab!y introduced from Europe, and appears to have been 
present in North America since about the beginning of the 
nineteenth century (15, 21, 31). A number of serious out­
breaks of the larch sawfly have been recorded on this co n­
tinent sinc� 1882, causin� such severe mortality to the host 
tree th at it has fallen from high economic importance to 
relative insignificance (32). A recent outbreak began in 
Manitoba aoout 1938 and the insect now occurs in epidemic 
proportions over extensive areas of '1Kani toba, Sa skat chewan, 
OntariO, and the Lake States (38). Lejeune (29) h as pointed 
out that soil moisture , parasites, predators, and the gro wth 
habits of the tamarack itself are important ecolo�ical factors 
governing populations of the lar ch sawfly. 

Although chemicel control has achie ved remarkable success 
in the control of some f orest insect pests, the larch sawfly 
has recei ved little attention in this respect. T here are two 
main reasons for this situation; firstly, tarmrack usually 
zrows in isolated pockets on boggy sites, thus affording a 
poor target for airc�aft treatment; secondly, the larval 
stage of the insect is staggered over such a long period that 
a single applicatIon, even if It destroyed all the e xposed 
insects, w ould only partially reduce the population (14) . 
Thus it appears that control by use of natural factors of fers 
gr eater promise than the use of insecticides. 

The effect of soil moisture appears to be the most i� 
portant physical factor governine larch sawfly abundance. 
Insects in post-d1apause and pre-diapause stages are rapidly 
killed by flooding, but this control is limited to two short 
and well defined periods I n  the development o f  the insect. 
Furthermore, where only partial control of the insect occurs 
during flooding, an adverse effect lnay be exerted upon the 
resident parasite and predator populations (39). 

Apparently the prinC ipal control agency o f  the larch 
sawfly in early outbreaks was the introduced ichneumonid 
parasite, 7-lfesoleius tenthredinis Morley, which has been 
credited with ultimately deCi mating outbreak popUlations 
(15, 31). In the present infestation, however, li/l'uldrew (52) 

has shown that the host has developed a natural immunity to 
the parasite in central Canada, thus dramatically reducing 
its control value. Unpublished results of Lejeune and 
Hildahl (40) suggest that the only other important parasite 
of the insect, the tachinid, Bessa harveyi (T.T.), has not 
been able to reach population levels to an extent where the 
host population is appreciab ly a ffected. Parasite releases 
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of these two and other spe cies of parasites have been largely 
unsuccessful in the present outbreak. 

The growth habi ts of the h ost tree also tend to dis cour­
age the maintenance of h igh insect populations over a period 
of years. As def oliation prozresses the vigor of the tamarack 
is reduced with an accompany ing drop in foliage production. 
This causes servere competition amongst the larvae, but at 
the same time it imperils the l ife of the tree. 

Small mammal predation of larch sawfly cocoons has been 
shown to be a major controlling factor in the present out­
break, having almost exterminated the insect from some stands 
(21). Early work indicates that these animals usually account 

f or about 50 per cent of the total mortality, and occ asionally 
100 p er cent of the cocoons have been destro yed by small 
mammals. Despite their importance, little research has been 
carried out to determine in more than gener al terms, the role 
of mammalian insect predators. Isolated notes appear to b e  
the only references avails.Jle i n  thi s field (21, 22, 50). 

This project was initiated in order to determine more 
precisely the effect of mammalian predators on the population 
of the larch sawfly. Field research was conducted in the 
Whi teshell ?ore st Reserve in ea stern �!an i toba. The study may 
be conveniently subdivided into three phases as follows: 

(1) studies on small m ammal populations 

(2) studies on larch s awfly popula tions 

(3) studies on the coactions of mammals and 
larch sawfly 

3. RBVIEV\. OF TEE LITSRrTTJRE 

3. 1 Small Mammal Populati ons. 

A fundamental pro blem in ecologic al investiga tions is 
the enumeration o f  the organism in its natural habitat. 
Allee et al (2) have advanced seven categories by m eans of 
which animals may be cens used, b ut in dealing with small 
mammals this can be reduced to f our:-

1. Direct c ounts 

2. Line censusing 

3. Trapping 

4. Indirect methods 
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The direct count is the most simple of all techniques of 
animal cens us ,  but since most small mammals are either noc­
turnal or s ecretive in their habits, the method is of limited 
use. Similarly the strip or line census (28, 41) is only 
practical in censusing such diurnal animals as squirrels, 
chipmunks, gophers, and hares. 

In determining small mammal populations, the most widely 
used methods are those utilizing traps, although indirect 
methods have been used to a limited degree (41). 

3.1.1 Home ranges and cruisi ng radii. 

Before the merits o f  the trapping met hods can be proper­
ly discussed, the methods of measuring home range should be 
reviewed. The signifi cance of home range will be appa re nt 
when trapping for population assessment is discussed. 

Although indirect methods have also been used (16, 63), 
the c onventional way of determining the home ran':;'e of an 
animal is thro ugh recapture data. Li ve traps are set in a 
reg ular patt�rn, and the an imals are marked and released in 
an attempt to catch them at various pOints in their range. 
11anville (46) ha s reviewed the me thods used in marking s mall 
man'L.l1als. 

Once the data have been collected, the re remains t he 
problem of treating them. Several techniques have been ad­
vanced to measure ranges from r ecapture data (60, 27, 13), 
but these ma ke no correction for animals extending beyond 
the "trap revealed" home range, or are influenced by human 
judgmen t. Blair's method (8) appears to be the most dis­
criminating technique advanced,'largely overcoming these 
objections, and it has been shown to give the most accurate 
results on experimental populations (61). 

3.1.2 Use of dead traps. 

In most early population studies c oncerning small 
mammals, the dead trap has been used. Dice (17) s uggested 
that sn ap-back traps could be used to indicate the relative 
abundance of any one spe cies in various habi tats and in dif­
ferent s easons or yea rs, whereas Bole (9) set snap-backs in 
a grid and concluded that the number of individuals divided 
by the area gave an absolute p opulation figure . S tickle 
(60) ho wever, pointed out that in either live trapping or grid 
trapping the home range of the animals being studied would 
influence the results. Animals other than those living on 
the plot wou ld also be trappe d and this would Greatly increase 
the p opulation estimate. Stic kle furthermo re s uggested that 
the home ranze of many animals varied wi th population density, 

., 
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season, and ha�itat. Trap desi gn and arrangement also appear 
to influence trap-revealed populations (18, 30, 46) . Saunder­
son (58) gives evidence that small mammals cannot be trapped 
out of an area, but most other authors suggest that the 
"levelling of f" e ffect after three trapping nights is due to 
influx from other places. Hayne (29) has advanced a method 
of plotting the results in order to d etermine when this occurs. 

The method of dead trapping as a measure of animal popu­
lations is crude. Only vague relative figures can be derived 
unti l the home range problem has been. settled. 

3.1.3 Use of live traps. 

The method o f  small-mammal census that has been exploited 
to considerab le extent recently is the use of live trapping 
experi ments. Manville (47) has revie wed the literature and 
lists the qualities that a good live trap should possess; 
effectiveness, portability, durability and economy. 

Animals captured i n  live traps for the purpose of popu­
lation studies are marked and returned to the populat ion. 
The traps are usua lly laid in f:,rid fp'1hic:'1 2nd "::,)::8 individuals 
captured are numbered so that they can be recognized when 
they are recaptured. Peterso� (54, 55) working on fish popu­
lations, and Lincoln (�2) studying water fowl populations 
independ ently derived a method for estimating the population 
utilizing the ratio of marked to unmarked ind iv iduals in the 
recapture samploo The formula is 

T = m n 
-

x 
where T = total population 

m = num'Jer orig inally rna rked 
n = num':)er in the sample 
x = number marked in the sample 

Ricker (57) advanced the following stipulations on the use of 
the Lincoln or Petersen Index: 

"(  1) The mark ed animals mus t suffer the same natural mortal­
ity as the unmarked; 

(2) The mar ked animals must not lose thei r m arks; 

(3) Marked and un.narked animals must be equally subject 
to sampling; 

(4) The marked animals must become randomly mi xed with 
the unma rke d, or, the distribution of sampling e ffort 
must be proportIonal to the number of animals in 
different parts of the habitat beinG stUd ied; 
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(5) All marked animals must be recognized and re,plmad 
on recovery. 

(6) There can be only a negligible amou nt of recruitment 
to the f.0pulation being sample d  during the sampling 
period. t 

Using this method, natural migration can be accounted for (5), 
and in instances involving large samples corrections can be 
made for birth and death rates in natural populations (33, 34, 
35, 36, 42). Adams (1) has pointed out that the method is 
subject to statistical er rors of probablility and has pub lish­
ed graphs from which the con fidence limits at t he 95 and 99 
per cent levels can be r eadily obtained. An excellent review 
of the techniques involved in the use of recapture data has 
been published by Dailey (6). 

In work on small plots, many of the animals captured in 
the outsi de lines of traps are living only on a portion of 
the plot and these animals will inc rease the population esti­
mate manifold (60). Blair (8) suggests that where no natural 
barrier occurs arou nd the plot, a bou ndary strip be included 
equal to the cru ising radius of the experimental animal. The 
"area trappedft is thus the area encompassed by the traps 
whilst the "ef fective trapp ing areall is t he area trapped plus 
the boundary strip. Stickle (60) makes a si milar correction 
for circular plots. 

The live trapping method over comes many of the difficulties 
experienced in dead trapp ing, since ranges can be calculated 
for each species, sex, age, habitat and season studied at the 
time the population is being assessed. It is, however, more 
expensive and laborious, and is impractical where only general 
trends are require d. 

3.2 r,,�ammalian Predators of Forest Insects. 

The role of small ma mmals as predators of forest insects 
has recei ved varie d attention in ecological investigations. 
Hewitt (31) mentions mammalian predators of the larch sawfly 
as does Graham (23) an d se veral other author s. Bess, Spurr, 
and Little field (7) suggest that mammals are important in 
controlling the gypsy moth, Hardy (25) mentions their im­
por tance as predators of Diprion similis in Poland , Schumanov 
(59) considers them e ffectIve In controlling cicada outbreaks 
in Russia, and Morris (48) has shown them to be important 
predator s  of the European spruce sawfly. The list of North 
America mammalian s pecies known to prey upon forest insects 
now numbers 20, inc luding two moles, seven shrews, one 
chipmunk, one flyin g squirrel, two deer mice, fi ve v oles, and 
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two jumping mice. In addition to these there are 14 species 
that are suspected of preying upon insects, including two 
lemmings, one chipmunk, one flying squirrel, three ground 
squirrels, three squirrels, one skunk, and three weasels, as 
determined by laboratory and field observations. 

The effect of small mammal predation on forest insect 
populations has recei ved attention from several authors with 
varying conclusions. Hewitt (31) in 1912 noted that small 
mammals feed upon cocooned larch sawfly larvae but placed 
little value in this predation as a natural control. Graham 
(2l) using cocoon collections and planted cocoons sug�ested 

that small mammals exert considerable control on larch saw­
fly populations, often consuming 50� of the overwintering 
population and occasionally taking 80 - 100%. He considered 
mice to be more important than shrews by virtue of the higher 
populations exhibited by mic e. This view is supported by 
Hamilton and Cook (24) who sug�est that small mammals often 
hold in check insects which would otherwise become an economic 
problem. Hardy (25) using cocoon collections has shown that 
46� of Di§rion simi lis in Poland were opened by small mammals 
during 19 6. lie poInts out that ttlere is often considerable 
overlapping of control factors, since t��ll mammals will 
prey upon parasitized and diseased cocoons. He suggests that 
this overlapping occurs randomly. Morris (50) on the other 
hand disagrees with this assumption sinc e he has shown that 
mammals can differentiate between sound and unsound cocoons 
to varying degrees depending upon their insectivorous nature. 

It is difficult at the present time to define the im­
portance of small mammals as forest insect predators, sinc e 
Graham (22) Hamilton and Cook (24), and Morris (50), suggest 
that ti-lese animals exert considerable control on sawflies, 
whereas Hewitt (31), Hardy (25), Balch (4), and Bess, Spurr 
and Littlefield ( 7 )  consider them as a relatively minor 
natural control factor. 

The role of small mammal predation on forest insects is 
received with mixed opinions by entomologists. It seems evi­
dent that small mammals do exert some control on insect popu­
lations and it appears from t he literature that at ti mes this 
may be considerable. Previous investigations have not examin­
ed the problem from a predator -prey population Viewpoint, and 
at present this seems to be the most promising approach. 
Once the role of mammalian predation on forest ins ects has been 
established, a better idea of the control teat might be ex­
pected from this source will be gained, and in developing 
management plans the utilization of small mammals as well as 
other natural control factors should be considered. In ad­
dition to this, small mammals might aid in spray controls by 
consuming insects tha tare kno'cked down by the spray but are 
not affected strongly enough to be killed. 
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4. THE STUDY AREA AND P LOI' DESCRIPTIONS 

During the spring and early summer of 1952, four small­
mammal plots were established in the ��teshell Forest Re­
serve in eastern Manitoba. All plots are square, enclosing 
an area of 4.9 acres (i.e. 7 chains square). Trap positions 
are at one chain intervals and are located by a four-sided 
blaze on the nearest tree. This gives ei ght trap positions 
per line, or 64 per plot. The one chain interval was arbi­
trarily chosen by Dr . R.F. Morris (49) and it was deemed 
appropriate to adhere to this spacing in order to make data 
of this experiment comparable, especially sinc� Hayne (30) has 
shown a variation in the apparent ho me range (of Microtus) 
in relation to the inte rval netween the traps. 

Tables I and II give the detailed ecological description· 
of the plots. 

Plot 1. 

This plot is situated 2t miles south of Red Rock Lake 
and may be descri bed as tall trees on a dry site. The tamarack 
in this bog are 30-40 feet in height. Black spruce, of the 
same general height as the tamarack, occurs throughout the 
plot and is the predominant species in the southwest corner 
of the plot. The plot is bounded on the east side by a road, 
on the north by a drainage ditch, and on the west by a rock 
ridge. The understory is chiefly alder on the east side, 
changing to labrador tea towards the west. 

Plot 2. 

This plot is situated near the Trans -Canada Highway, 
approximately fi ve miles east of Rennie, Manitoba. The site 
is dry and open with intermingled tamarack and black spruce 
about 6-12 feet high. Ground cover is mainly labrador tea, 
and pitcher plants are common throughout. 

Plot 2A. 

During the spring of 1953 one additional plot was 
established. This plot is 10 chains west of Plot 2 and is 
similar to it. 

Plot 3. 

This plot is located near the north end of Red Rock Lake 
in an extensive, pure tamarack stand. ·The trees are tall 
(about 40 feet in height) and. the site is wet • .  Understory is 

chiefly alder. 



TABLE I 

Per Cent Ground Cover on Small Mammal Plots. 

Component Plot 1 Plot 2 Plot 2A Plot 3 Plot 3A 

Moss 36.0 t 4.6 21.3 t 7.2 19.4 t. 4.2 16.8 t. 3.5 1 1.6 t. 2. 9 

Fern .4 t .8 - .1 

Herbacious plants 

Grass 4.0 t 1.2 16.3 t. 3. 9 18. 2 t. 4.1 16. 7 t 10.5 16. 8 t 3.5 

Sedge 1.2 t .3 6.9 t 2.0 5. 6 t 1.0 3.2 t . 9  2. 4 t 1.1 

Smilacina 2.0 t .1 2.8 t 1. 3 1.2 f - .3 (!) 

Viola .4 1. 6 t 1. 0 3.9 t. • 9 • 

Fragilus .8 t . 1  .8 t. .1 2.4 t. .1 

Jlnant hemum . 4  � .04 

Caltha --. 1.2 t .12 1. 2 t. .25 

Sarracenia 6.8 f 
-

.1 9.3 t 2.5 

Unidentified .8 1.5 . 2  1.9 3.5 

Woody plants 

Alnus 5.2 I 1.2 2.5 t. 1. 1 4.1 t. 1.6 7.6 t 1.7 5.2 t 1.2 
-

(Continued 



TABLE I (Conttd) 

Per Cent Ground Cover on Small Mammal Plots. 

Component Plot 1 Plot 2 Plot 2A Plot 3 Plot 3A 

Ledum 26.0 t 5.3 � 17.7 _ 3.5 10.3 t 2.8 11.6 t 2.9 10.6 t 3.2 

Vaccinium .4 7.2 t 2.3 4.9 t 1.8 

Andromeda 2.8 t 1.7 6.2 t. 1.8 8.4 t. 1.8 2.4 t. 1.1 2.0 t. .1 

Prunus 2.4 t .1 

Saplings 

Betula 2.0 t .1 1.5 t .2 1.9 ,1 .8 I-' 
- 0 

Picea .4 3.1 t. 1.6 4.8 t. 1.7 J 

Surfac e water 7.2 � 3.7 8.6 t 2.0 12.1 t 3.6 28.6 t13.5 36.0 t 8.3 

Litter 6.0 t 2.4 .4 .4 3.2 t 1.4 3.2 t 1.4 

Decaying logs 1.6 t. 2.8 .4 .8 � .1 



TABLE II 

Tree Cover on Small �amma1 Plots. 

Component Plot 1 Plot 2 Plot 2A Plot 3 Plot 3A 

Tamarack 

Average D.B.H. 5.8 2.2 3.0 5.1 4. 9 

stems per acre 312.0 187.0 205.0 260.0 283.0 

Black Spruce 

Averae'e D.B.H. 5.4 3.6 3.9 -- I 

Stems per acre 156.0 128.0 217.0 .... -- .... 

Jack Pine 

Average D.B.H. 5.1 

Stems per acre 2 •. 0 -� . 

% Crown closure 48.5 t 5.4 11.3 � 3.5 13.1 � 3.6 55.9 t. 5.6 47.0 t 4.9 
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Plot 3A. 

This plot is about rive chains south or Plot 3 and in 
the same stand. The general description is the same as that 
of Plot 3, with the exception that in the easterly two chains 
the tamarack tend to thin out and become somewhat smaller 
(app roximately 20-30 fee t) .  

5. SMALL MAMMAL POPULATIONS 

5.1 Field Techniques. 

In order to study the populations of small mammals, a 
supply of 75  Sherman traps was ootained (see Figure 1), as 
it was found that they meet the desirable characters outlined 
by Manville (46). 

The trap is constructed entirely of metal and is set by 
pressing the door, which is hinged at the bottom, into a 
horizontal position where it is caught by the treadle (see 
Fi2ures 2 and 3). Animals are attracted by the bait which is 
placed on a platform at the beck of the trap, and are cap­
tured when the door is released after the animal has passed 
to the treadle. Although several baits w ere tested, a paste 
of oatmeal and peanut butter was found to be the most effec­
tive, and this can be placed in the trap before transporting 
it to the field. 

The traps were placed and set in the morning of the first 
trapping day of each period, and examined in the mornine each 
day. A tally was made of all animals captured, under the 
following categories:- trap number, species, small mammal 
number, sex, age, parasites, whether marked or unmarked, and 
whether living or dead. Living animals were handled by 
shaking them into a wide mouthed gallon jar. The numbering 
system used in 1952 was a modification of that outlined by 
Burt (13), which ut ilized ear clipping. Burt numbered his 
animals by punching a small ho le in the edge of the ear, 
using five positions. Morris (51) found five positions dif­
ficult to recognize on small-eared forms such as Microtus, and 
reduced this to tr�ee (see Figu re 4) .  Ninety-nine mice can 
be numbered by this system, and sine e no :'plot o n  which live 
traps are use d is clos e to any other, the animals of ea ch 
plot are numbered consecutively, beginning at number one. 
Each species was numbered separately. 

I n  1953 the ear-clipping method of numbering was replaced 
by the use of metal ear tags applied with a pair of pincers, 
and the handling jar replaced with plastic food bags. 
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Figure 1. The Sherman Live Trap with Door Open. 

Figure 2. The Sherman Live Trap with Door Closed. 
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Figure 3. Trip Mechanism of the Sherman Live Trap. 

Figure 4. Ear Clip Numbering System Used on Small Mammals 

During 1952. 
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In additi on to live traps, snap- back traps of the house­
hold variety were used on Plot SA and in bait effectiveness 
experiments, and on Plots 3A and 2A in refining trapping tech­
niques. 

A further problem is keep ing animals alive in the traps 
for periods of from eight to ten hours. Shrews, especially 
of the genus Sorex, are particularly difficult to keep alive, 
even in warm weatner. Pearson, (53) points out that resting 
shrews have a higher metabolic rate than mice of the same 
size, and therefore require a prodigious amount of food. 
Llewellyn (44) suggests that an aoudance of food in the traps 
will reduce mortality and eliminate the need for cotton bed­
ding in cold weather. A mouse carcass was used as food for 
shrews in the live traps, but five shrews captured under 
these conditions were found dead, the carcasses left untouched. 
Possibly the shrews expend their energy figh ting the traps 
and refuse food. However, a small quantity of oatmeal placed 
in the traps in November seemed to aid in prolonging life of 
trapped Microtus and Clethrionomys. During 1953, shrews were 
successfu!!y lIve trapped by runnIng the lines hourly duri ng 
the night. 

5.2 Results. 

5. 2. 1 Bait effectiveness. 

During the 1952 season the effectiveness of three types 
of baits was studied. Preliminary experiments indicated 
that a mixture of pean�t butter and oatmeal was superior to 
bacon rin d  as a bait. A trapline of 50 snap-back traps baited 
with bacon rind yielded �our Microtus in the first three 
nights, but when the bait was changed to the oatmeal and 
peanut butter mixture, the following three nights yielded 
seven additional Microtus and five Cletr�ionoffils. 

An obvious objection to the preliminary experimen t is 
that the effects of th e bait were not tested on the same 
nights. The difference could have been caused by some other 
factor, such as m eteorological changes. In order to over­
come this, it was decided to test the bait types simultane­
ously. During live trapping in early July on Plot 2, two 
lines of traps (16 traps) were baited with oatmeal and peanut 
butter and two lines wi th old ,cheese. Three night s of trapp­
ing capture d six Microtus and three clethriOnOmrs using the 
peanut butter and oatmeal, while not a single an mal was 
captured in the traps baited with old cheese. 

Before th e first trapping period on Plot 3A, the thr ee 
types of bait were used on six lines of snap-back traps. 
Two lines were set using each bait type, and each bait type 
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was separ ated by an intervening line . This arrangement was 
maintained for three nights, giving 48 trap nights for each 
bait (i.e. one trap for one night is one trap night, hence 
16 traps for three nights is 48 trap nights). Table III 
shows a definite pre ference for peanut butter and oatmeal. 

TABLE III 

The Effect of Bait in Trapping Small ��mmals. 

No. of captures. in 48 trap nights 

Oatmeal and Bacon Old 
Species Peanut Butter Rind Cheese 

Sorex cinereus 10 4 0 

.§.. arcticus 2 0 0 

S. fumeus 1 0 0 
-

ClethrionomI,s sapperi 1 1 0 

Microtus pennsI,lvanicus 2 1 0 

Total 16 6 o 

§.:.�2_?�,i es comp.lement of a tamar8r:k bog. 

The following is a lis t of mammals which were captured 
or observed on or near permanent plots durin4 the study. 
Subspecific identification follows Anderson l3). 

Sorex cinereus cinereus Kerr. - cinereous shrew 
S. arcticus arcticus �err. - Saddle-backed shrew 
�. fumeus fumeus MIller - Smoky shrew 
�larina brevicauda manitobensis Anderson - Short-tailed shrew 
��ustela erminea richarasonii 130naparte - Ricrardson fS ermine 
perow;scus manIculatus bairdii (Hoy and �ennicot) - Deer mcuse 
elet .rionomys gapperi 10ringI (Bailey) - Red-backed vole 
MIcrotus pennszlvanicus drummondii (Audubon & Bachman) -, . , Field vole 
za£us hudsonius hudsonius (Zinmerman) - Meadow jJlJlping mouse 
c1 ellus trldecemlineatus tridecemlineatus (Mitchell) -

Thirteen-strIped ground squirrel 
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c. franklinii (Sabine) - Franklin's ground squirrel 
�amIis striatus griseus Mearns. - Eastern chipmunk 
E"utamIas mffiImus nettlectus (Allen) - western chipmunk 
TamiascIurus huason cus h Udsonicus (Erxleben) - Red squirrel 

Probably few of tt-e above species can be considered im­
portant as predators of sawfly cocoons if it is assumed that 
relative abundance of the various predators determines the 
extent of predation. The red-backed vole (Clethrionomys 
�apperi) is universal on the plots examined and Is possibly 
�he most important mammalian insect predator in this region. 
Highest densities of this animal were recorded in the tall, 
dry stand. The field vole (Microtus pennsylvanicus) is 
probably of considerable importance in ary, open stands, while 
the shrews, (Sorex cinereus, S. arcticus, S. fUmeus, and 
Blarina brevi cauda) , are Important predators In dense, wet 
stands. The dee r mouse (perom�scus maniculatus) and the 
meadow jumping mouse (za¥us fiu sonIus) were ta�en in small 
numbers on the periphera regions Of two bogs end t hey are 
probably of minor importance as predators of the larch saw­
fly. 

5.2.3 Home ranges. 

When trapping on small areas it is diffic ult to derive 
a true population per ac re figure, since many animals whic h 
reside immediately outsid e  the trap. boundaries, wander onto 
the plot and are captured. This error can be corrected by 
adding a boundary strip to include animals living outside 
the trapping area. �lfost authors agree that this boundary 
strip should be the width of the cruising radius of each 
animal species concerned, and perhaps of each age class and 
sex as well. In order to calculate the boundary strip 
therefore, the home ranees of the various species must be 
known. 

The usual procedure in determining the home ranges of 
small mammals consists of trapping, numbering, releasing 
and recapturing. However there is considerable disagreement 
among the various authors as to how the data should be treated. 

Buckner (11) adopted a system devised by �orris (51) , a 
modification of Blai r's (S) technique, which consists of merely 
counting the trap units and i�noring the f ractions of units. 
The reasons for the choice a re:-

(a) It includes a boundary beyond the trap station. 

(b) The boundary is not subject to human error or judgment. 

(c) The method can be used in a u niform manner by each 
person concerned wi th the data. 
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(d) The method is both simple and accurate. 

Regardless of the method employed, a certain amount of 
judgment must be exerted, particularly to exclude insufficient 
data. Animals captured consistently in outsi de lines should 
be excluded, and each animal should be captured in at least 
four different traps before it is included in the calculation 
of home ranges. INhere an animal c on stantly returns to the 
same trap, the trap should be kept closed so that the animal 
will 1::a ve an opportunity of being captur ed in other parts of 
its range. Table IV lists the home ranges of three species. 

I t  is of interest to note that the home range of 
ClethrionOm{S is similar on both determinations on Plot 2, but 
these do no compare with the r anges on Plot 1. Since the 
population on Plot 2 had approxLra tely doubl ed by the second 
determination (see Table X page 24) it suggests that the range 
of this species varies with habitat, but not with density, for 
the population levels experienced during the experiment. 
Table V shows that no significant differences were found in 
the cruising radii of male and female Microtus, male and female 
Clethrionomys, and in the ra�es of Clethrl0nO�S at two dif­
ferent periods in the year on the same plot. owever, the 
difference in the extent of the ranges of clethriOno�s on 
closed, dry site (Plot 1) and on open dry site (Plot ) was 
highly sign ificant. 

5.2.4 Populations. 

There are several methods for determining populations of 
small mammals, most of which give only relative abundance. 
It is of advantage in work of this nature, however, to derive 
population per acre figures, and for that reason the Lincoln 
Index method was adopted (43). Tables VI, VII ,  and VII I  
list the populations of Clethrionomys and Microtus and Sorex 
as determined by the Lincoln Index. 

In  small mammal populatl0n work a Lincoln Index can be 
derived for each day except the first (no animals are marked 
until after the first day). This raises the question of 
accuracy of the various determinations. There are several 
possibilities to consider when choosing the fi nal population 
figures. The final determination might be used, an average 
of all the determinations, the plotting method of Hayne (29) 
(rejected by the author, 1951) or a method involving the 
combining of the data of the fi£8l three days, suggested to 
the author by Dr. G.B. Oakland. 

1 Personal communication. G.B. Oakland, Ottawa, May 7,1953. 



Plot Date 

1 27/VII/52 

1 27/VII/52 

2 16/VIII/OO 

2 16/VII/52 

2' 16/VII/52 

2 24/VIII/52 

2 24/VIII/52 

2 24/VIII/52 

2 All periods 

1 27/VII/52 

2 16/VII/52 

2 16/VII/52 

2 16/VII/52 

2 19/IX/53 

TABLE IV 

Home Range of C1ethrionomys, Microtus and Sorex. 

Species 

Clethrtono� ,8. 
n 

" 

n 

tt 

" 

ft 

n 

rt 

n 

J{j.crQ_tuf! R. 
" 

" 

Sor_e� .2.. 

" 

ft 

tt 

tt 

It 

tt 

tt 

" 

n 

" 

" 

Range 
Sex in 

acres 

��. .60 

F. .52 

M. . 30 

F. .47 

M.F. . 40 

M. .49 

F. . 43 

M.F. .46 

M.F. .43 

M.F. .34 

M. .46 

F. .40 

M.F. 1.40 

? 

cruising a 4 

radius Standard 
in feet deviation 

90 C 17 

88 t 5 

64 No.range 

77 t 28 

71 t 21 

82 t. 10 

76 t 14 

79 t 13 

76 t 10 

89 � 14 

68 t. 17 

78 � 20 

73 t. 19 

139 (range 134-144) 

No. of 
mea sure-
ments 

7 

4 

2 

5 

7 

7 I-' 
to 

7 

14 

21 

11 

7 

5 

12 

3 



Species 

Microtus -

Cle thriono!!:l s 

" 

" 

TABLE V 

t Test For Significant Differenc es in the Ranges of 
Microtu s and C letbriono!y s on Plots 1 and 2. 

Plot 

2 

2 

2 

1 and 2 

Sou rce 

females vs. males 

" " " 

period 1 " period 2 

he bi tat 1 "habi tat 2 

Hean dif-
ference 

9. 7 

.8 

6.6 

15.3 

** �tgn1f1cant at 1% l evel. 

S-x d. f. 

8.2 11 

7.44 19 

5.35 19 

1.74 30 

t t .05 

1.06 2.201 

1.08 2.093 

1.23 2 .093 ro 
0 

8.8 ** 2 .042 
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TABLE VI 

Linc oln Index for C let hrionomys gapperi , 1952. 

P lot Dat e  m 

1 22/VII 
"23/VII 6 
24/VI I 9 
25/VII 11 
2 6/VII  17 
27/VII 19 

A c cumula ti ve 19 

Fina l 3 days 19 

2 19/VII I  
21/VI II 2 
22/VI II 16 
23/VI II 20 
24/VIII 28 

Accumulati ve 28 

Final 3 days 28 

2 l/xr 
2/XI 2 

T = m nix 

Appro ximate 
x n T 95% Dead P opulation 

c onfidenc e (D )  e s tima te  
interyal_ T t. D 

6 
4 7 11 7-26 11 
5 8 14 10- 27 14 
9 16 20 14- 33 1 21 
9 11  21  19- 29 2 23 

11 12 21 20-27 2 23 

38 54 27 23-38  2 29 

29 39 26  22-40 2 28 

2 
2 19 19 7 - 66 19 
7 14 32 25-50 1 33 

10 19 38 31- 56 3 41 
12 16 37 35-48 4 41 

31 68 61  48- 85 4 65 

29 49 4 7  40-62 4 51 

4 2 
1 6 12 5-100 2 14 

where T = t otal p opulation 
m = number orig ina lly mark ed 
n • s i z e  of sample 
x = marke d  an imals in the sample 
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TABLE VII 

Lincoln I nd ex for Mic rotu s  e ennsz1van i cu s , 1952 . 

Approxi mat e  
95% Populati o n  

Plot Dat e m x n T confidenc e Dead e s tima te 
int erval  �D l Tt.,D 

2 9/VI I -- 8 3 - -

la/VII 8 2 8 32 18-67 3 35 
11/VII 12 4 7 21 15-35 5 2 6  
12/VII 1 5  7 12 26 19-40 5 31 

Cumulative 15 13 27 31 22- 50 5 3 6  

2 15/VII 17 4 13 55 38- 89 8 63 
16/VII 25 8 14 44 34-64 9 53 

Cumulative 25 12 27 47 46-83 9 5 6  

TABLE VII I  

Lincoln I nd ex for Sorex  c inereus, 1953. 

Approxi-
mat e  95% 

Popu-
1ati on 

Plot Dat e Time  m x n T conf iden ce Dead estima te 
interval {Dl T-i.D 

2 21/rr 2400 2 
100 2 1 3 6 3-30 6 
200 3 2 6 9 4-42 1 10 
300 5 3 7 12  7-38 2 14 
400 6 3 5 10 7-23 5 15 

22/XI 

23/XI 2400 6 4 7 11 7-26 7 18 
100 8 5 7 11  9-21 8 19 
200 9 7 8 10 9- 17  9 19 
300 10 6 8 13 10- 23 9 21 

Cumula ti ve 10 31 51 17 12-28 9 26 

Fi nal  3 hour s 10 18  23 13 10-22 9 22 
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Vfhen the Lincoln Indices have been calculated, a decision 
must be made as to which value is the most accurate. Upon 
examination of Tables VI, VII, and VIII it appears that the 
accumulation of the final three determinations gives the least 
variation in confidence intervals and it will, therefore, be 
used in further work on populations. 

In some cases, the numbers were too few to compute a 
Lincoln Index, so the number of individuals captured was used 
as the number of individuals living on the "effective trap­
ping area". 

When trapping on small plots there are often considerable "border effects" caused by animals residing mainly off the 
plot wandering onto the plot and being captured in the out­
side lines (8�60). In order to calculate the "effecti ve 
trapping area , a boundary strip is added to the plot. This 
strip is the average cruising radius for the species concern­
ed. Table IX gives the effective trapping area for the 
species encountered on the various plots. 

TABLE IX 

Effective Trapping Area for Small Mammal Species. 

Plot 

1 and 3 

2 

Species Cruising Authorit.y 
radius 

C 1 ethr i onomIs 
KUcrotus 
Sorex 
Peromyscus 
Zapus 

89 feet 
73 " 

1:39 " 
133 
133 

Clethrionomys 79 
Microtus 73 
Sorex 139 
Peromyscus 133 
Zapus 133 

ft 
" 

.. 
.. 
" 
" 
" 

Calculated(Pl) " (P2) " (P2) 
Morris (1948) 
Quimby (195l) 

Calculated " 
It 

MOrris (1948) 
Quimby ( 1951) 

!trective 
trapping 
area 

9.4 
8.5 

12.2 
12.1 
12.1 

8.2 
8.5 

12.2 
12.1 
12.1 

acres " 
" 
" 
" 

" 
" 
" 
" 
" 

The populations of the various species of:tsmall mammals 
on Plbts 1, 2 e.nd·� are shawn in Table x. .• 

5.2.5 Refining techniques. 

In refining small maminal popula tion techniques ·!.t wou.ld 
be of advantage to dispense with live traps in favour of the 
more convenient snap-back traps. During the 1953 season a 



TABLE X 

Popula tions of Small �lfammals Expressed as Animals pel' Acre. 

Total Total 
Plot Date Clethriono!!!Zs Microtus Sorex Peromyscu.s Zapus Mice Shrews 

1 27/VI,X52 3.0 .02 .7 .8 .2 4.02 .7 
14/VI 53 .106 .236 .825 0 0 .342 .825 
16/IX/53 1.710 .706 1.320 .331 .169 2.916 1.32 

2 12/VII/52 4.24 
16/VII/52 1.10 6.59 .02 . •  01 0 8.70 . 20 
2�VIII/52 6.22 .59 .50 .33 .01 7.15 .50 
1 XI/52 4.50 .31 .15 .15 0 4.96 .15 
12/V/53 .481 .118 . 248 0 0 .605 .248 ro 
2YvVI/53 .608 .705 2.23 .165 0 1.478 2.23 � 
2 VIII/53 . 731 .824 3.06 .165 0 1.720 3.06 
2/IX/53 * 1. 09 1.17 3.31 0 0 2.26 3.31 
2/IX/53 1.09 1.29 1.89 .165 0 2.545 1.89 

3 1%.VII/52 * .64 .60 2.23 0 0 1.2A 2.23 
8 VI/53 * . 533 .235 3.22 0 0 .768 3.22 
20/VIII/53 .745 .000 5.28 0 0 .745 5.28 

* Determined by snap-back traps in close proximity to permanent sample plots. 
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plot similar to Plot 2 was established (Plot 2A),and snap­
back trapped before one period of live trapping on Plot 2.  
In addition a standard trap line consisting of 50 traps 
placed in groups of five (one yard apart) at 10 yard inter­
vals along a 100 yard line was operated concurrently with 
the snap-back grid trapping. The results are shown in 
Tables XI and ·UI. 

The analysis of variance indicates that the three methods 
of trapping yield similar results. However the experiment 
should be replicated with the three types of trapping run 
concurrently before final conclusions are drawn. 

TABLE XI 

Comparison of Small Mammal Populations per 
Acre Using-'Thr�e Trappins_ Teohniques. 

Type of Cleth-
trapping Date riono!Is Microtus Sorex Peromlscus 

Live traps 23/IX/53 1.09 1.29 1.89 .165 
on  grid 

2/IX/53 Snap-backs 1.09 1.17 3.31 .000 
on grid 

2/IX/53 Snap-backs 1.34 1.38 2.42 .000 
on line 

TABLE XII 

Analysis of Variance on Trapping Techniques 

Source d.f. S .S. M.S. F . F.05 F.Ol 

Species 3 9 .295 3.096 19.974 ** 4.76 9.78 
Trapping 2 .165 .083 .535 
Error 6 .94 7 .155 

Total 11 10.407 
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5.2.6 Natural history notes. 

Though the primary interest is populations, certain 
data were collected on the li fe histories of the species 
concern ed. The vital statistics are shown in Table XIII. 
Figures are based upon 10 or more animals. 

Plot 

1 

2 

TABLE XIII 

Na tural History Data on Small ��ammal Populations. 

Date 

27/VII/52 

16/VII/52 

24/VIII/52 

2/;:1/52 
2/1 X/53 

23/1 X/53 

12/VIII/52 
8/VI/53 
20/VIII/53 

Species 

Clethrionomys 
pero!scus 
Cletrionpmys 
Microtus 
Sorex 

ClethriOnOmyS 
Microtus 
ClethI'ionomys 
Microtus 
clethi'iononws 
Sorex 
MIcrotus 
Sorex 
MIcrotus 

Sorex 
Sorex 
Sorex 

% 
Males 

53 
60 
56 
38 
64 

25 
59 
57 
25 
40 
52 
40 
50 
64 

45 
69 
59 

% 
Breed­
ing 
Males 

60 
43 
22 
33 
29 

50 
2 

23 
o 
o 

72 
50 

o 
29 

67 
61 
41 

% 
Breed­
ing 
Females 

10 
66 
29 
40 
75 

30 
60 
22 
33 

o 
50 
50 
29 

o 

27 
13 
42 

% 
With 
Ear 
Mites 

68 
o 

88 
25 

o 

35 
59 
32 
25 

o 
o 
o 
o 
o 

o 
o 
o 

Records of fleas were also taken but were not incorpor­
ated into the table since they are so easily missed. 

There is evidence that the ��icrotus population exper­
ienced a "crash" during the spring or early summer o f  1953. 
Table Y in dicates a rele. ti vely high populat ion of this species 
in early July on Plot 2, but by August very few Microtus 
were captured. Five dead animals were found during late July 
and early August on Plot 2 and two on Plot 1. The dead 
animals were sub-adults and adults. �here is a possibility 
that this sharp population decline was caused by an epizootio. 
Clethrionomys showed no su ch deoline. 
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The following predators were observed or captured on 
the permanent plots:-

(a) Marsh hawk - observed hunting on Plot 2 

(b) Red-tailed hawk - observed hunting on Plot 2 

(c) Broad-winged hawk - observed hunting on Plot 2 

(d) Long-eared owl - five specimens were recorded roosting 
on Plot 2 during the week July 5-12, 1952. Two of 
these were still roosting on the plot on August 31, 
1952. 

(e) Weasel - one adult and two juveniles were captured on 
Plot 2 on August 19. One adult changing pelage was 
observed on Plot 1 on October 11. Six additional 
weasels were captured on Plot 2 in 1953, and one on 
Plot 1. 

One female Microtus gave birth to three young in a trap 
on Plot 2. The young mice perished before the trap had been 
opened. Upon two subsequent captures the animal was not lac­
tating, suggesting that suckling is necessary to produce 
lacta tion. 

During the 1953 trapping sessions on Plot 1, 2 specimens 
of perohiscus (male and female) and one of Zapus (female) were 

. taken w ch had been marked in the 1952 season. At the time 
of original marking, all specimens were adults and were assumed 
to be a minimum of 10 months of age. This places a minimum 
of 23 months of age on these individuals. All three animals 
we�e apparently in good condition and the za1us specimen was 
lactating. Thus the longevity of these spec es under natural 
conditions may be considerably over 2 years. 

6. POPULATI0NS OF THE LARCH SAWFLY 

The larch sawfly, Pristiphora erichsonii (Htg.) (Order 
Hymenoptera, Family TenthFidinldae) is a serIous pest of 
tamarack (23) . Adults of this insect emerge from late in May 
to about mid-July, and deposit eggs on the new shoots of the 
host tree. After hatching from the eggs, the young gregarious 
larvae feed voraciously upon the tamarack foliage. After 
passing through five instars, the mature larvae drop from the 
trees and spin cocoons in the moss. It is while in this 
stadium that the insect is vulnerable to mammalian predation. 
The adults emerge from the cocoon in the following spring, or, 
in a low percentage of cases, remain in diapause until the 
second spr ing. 
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Sinc e small mammal predators are primari ly c onc erned w i th 
c oc ooned sawflies, no att empt was made to sample populati ons 
of eggs or larvae. However, in 1952 , an effort was made to  
est imate cocoon populat ions on t he g round by means of f unnels 
to oolleo t dropping mature larvae. These c onsisted o f  wire 
hopps 17 inches in diameter suspended one foot from the t runk . 
A cotton tunnel was attac hed t o  t he hoop and at t he bottom o f  
the funnel was suspended an oil can with t he top removed and 
the bot tom perforated.  Damp moss was placed in t he c an.  The 
funnel is  shown in Fig ure 5 .  Ten of these tunnels were placed 
on representative t amarack t rees on ea ch of Plots 1 ,  2 ,  3 ,  and 
3A. These funnels were examined weekly and t he cocoons or 
larvae removed and tallied. The results are shown in 
Table XIV .  

Larval Drop 

July July 
Plot 23 30 

1 1 . 3  3 . 5  

2 1 . 2  4 . 8  

3 5 . 2  10 . 0  

3A 5 . 0  7 . 0  

. . 

' .  · .. TA13� . XIV. 

Expressed as the Average 
of Larvae per Funnel. 

Aug. Aug. Aug. Seasonal 
6 13 20 A verage 

7 . 2  1 . 3 0 13 . 3  

5 . 7  . 7  0 12 . 3  

1 1 . 2  1 . 6  . 1  28 . 1  

10. 6  5 . 5  . 1  2 9 . 0  

Number 

Standard 
Deviat ion 

t 6.5 

I- 12 . 1  -

,t 10 . 0  -

f ·  8 . 8  

From t hese data t he c oc oon pop ulation per acre w as 
estimated in  t he following manner, assuming t ha t  all mat ure 
larvae spun cocoons. 

Using Turnock ' s  dat a  (64 )  f rom experiments cond uc t ed at 
Prince Albert , Saskat chewan, 11% of t he total larvae on a t ree 
fall wi t hin 18 inc hes of t he t runk and 39% between 18 and 35 
inches from the t runk . Acc ordingly , the tunnel used in t hi s  
expe r� ent sho uld capture 1 . 54% o f  t he larvae falling from 
the tree. Thus ha ving an estimat e  of t he larvae per tree and 
the trees per ac re the c oc oon populat ions per acre were calcu­
lated on t he vari o us plo ts. The results of t hi s  calc ulat ion 
are shown in Table XV .  

During 1953 all the larvae were collec ted from two t rees 
on eac h  plot in connec t ion wit h  anot her experiment , by means 
o f  funnels whi ch completely encirc led the t ree ( see Figure 6 ) .  



6 .  Tree Funnel Useri for larval 1953 . 
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TABLE XV 

S awfly Populations on Small Mammal Plots During 
1952 Expressed as I nsec ts per Acre. 

Date Plot 1 Plot 2 Plot 3 Plot 3A 

23/VII/52 26 , 300 14 , 600 90 , 000 92 , 000 

30/VII/52 97 , 300 72 , 800 257 , 000 235 , 000  

6/VIII/52 243 , 000 142 , 00 0  445 , 000 431 , 000 

13/VIII/52 269, 000 150 , 500 473 , 000 531 , 000  

20/VII I/52 269 ,000 150 , 500 475 , 000 533 , 000 

Tak ing t he average of t hese and knowing t he number of trees 
per acre, the sawfly cocoon populat ion wa s c alcula ted.  T he 
results are shown in Table XVI .  

TABLE XVI 

Sawfly Populations on Small Mammal Plots During 
1953 Expressed as I nsec ts Per Ac re. 

Date Plot 1 Plot 2 * Plot 3 

15/VI I/53 4 , 100 322 , 400 

24/VI I/53 26 , 200 56 , 900 657 , 400 

29/VII/53 7 9 , 100 128, 300 899 , 500 
. 

4/VIII,/5 3  81 , 300  170 , 700 963 , 500 

19/VI I I/53 92 , 800 180 , 100 972 , 400 

* Only one tree was used sinc e t he second was obviously 
larger t han t he general stand t ype. 
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Thes e  two m ethods of estima ting coc oon popula t ions are 
rather c rud e ,  but show rea s onably good agreemen t  on per a cre 
e s tima t es . Therefore ,  it  is  f e lt tha t t hey are jus t if ied 
ra th er than attempt ing rela tive  popula tion s ,  s inc e a ny c om­
parison b e tw e en pr eda tion and sawfly populations b ec ome s o  
va gue tha t conc lusions are limi t ed .  

7 .  THE EFFEC T OF Sg.ALL MAJlJPML PREDATION 
ON LARCH SA\�PI,Y P OPULAT IONS 

7 . 1  The Role of the Preda tor .  

The r o le of the preda tor has  rec e ived c on siderabl e  
a ttent ion i n  the lit era tur e .  A llee e t  a l  ( 2 )  d ef in e  two ma j or 
typ e s  of preda tion - - canibalism andlnter's p ecies  pr eda ti on .  
Both typ e s  have b e en s how n  t o  b e  importan t in reduc ing popu­
lat ions in c ertain ins tanc es . L eopold ( 41 )  in a trea tis e  on 
game mana [ ement ha s out lined th e following variab les tha t 
influenc e the morta li ty of a pr ey species  from preda tion 
effec t s :  

1 .  Dens i ty of " gam e tt populations  

2 .  Dens i ty of preda tor populati on 

3. Food prefer enc e s  of the pr eda tor 

4 .  Physic a l  c ondi ti on of " game " 

5. Abundanc e  of buff er species  ( i . e . a lterna tive prey) 

The author c on siders th e interpreda t ion  b e tw een pr eda t or 
spe c i es as  an addi t ional fa c tor whic h i s  imp ortant in a s s es s­
ing pr eda ti on lo s s es from a prey specie s .  

The  fir s t  two fac tors influenc ing preda ti on intimate  
tha t  the  eff ec t s  of predat ion ar e d en si ty d epend ent.  Hartley 
( 26 )  has found tha t sparrow hawks prey ing upon s ong birds  
f ol low thi s  rule w i thin c ertain limit s . These l imi t s  are 
d efined by Brr inJton (19) who s tates  tha t any habi ta t c an 
support only a giv en number of indiv iduals . �nen the popu­
la t lon of  prey species  i s  lower than thi s limi t ,  little  
pr edation is  experi enc ed, but  onc e  the popula t ion ri s e s  above 
i t s  thre shold of s ecurity thi s b iological  surplus i s  heavi ly 
preyed upon . 

From the conc ep t s  advanc ed in the li tera tur e  i t  s eems 
evident tha t the follow ing ma j or lines  of inves t iga t i on should 
b e  init ia t ed : -



- 33 -

( a) a detailed list of all the known predators of the 
prey species involved 

( b) ' he food preferences and capacities of the predators 

( c) population studies of both predator and prey 

( d) effect of predators upon the prey species popula­
tion 

( e) defenses of prey species against the predator 

( f) interpredator eff ects 

7. 2 Known Pr edators of the Larch Sawfly. 

The ma�malian species occurring in tamarack bogs o f  
Eastern l.lfanitoba have been listed earlier in this paper . I n  
all, 14 species were noted but it was suggested that few o f  
these could be considerAd important as predators o f  the 
lar ch saw fl y.  B y  virtue of their low occurrence it is pos­
si1Jle to eliminate the chipmunks, squirrels, and weasels as 
significant cocoon predators.  Similarly, Peromyscus and 
zaaus were taken only in the peripheral regions o f  the bogs 
an might also be omitted. Of the shrews, Sorex cinereus was 
the onl y  one that maintained reasonably hign popu!atlon 
levels, and so from the standpoint of lar ch saw fly cocoon 
predation, only Sor ex ciner eus, Clethrion0tIs gap8?ri,  and 
�':icrotus pennsl1vanicus appear to be impor nt. bserva­
tions on caged Peromyscus indicate that if  these animals in­
vaded the bogs more extensively, they too would merit 
attention. 

7 . 3  Feeding Experiments. 

I n  order to asc ertain the foo d  capa cities and prefer ences 
o f  small mammals, feeding experiments were conducted on caged 
animals. Preliminary experiments in 1952 using 18 in ch cube 
cages with sphagnum covered floor showed that the cage was too 
small to assess adeq uately the norma l feeding habits of 
Clethrionomys. Cocoons and normal v egetation were supplied. 

A male, sub- adult, Clethrionomzs was caged for 24 hours 
with 60 cocoons as follows: 

Apparently sound 30 opened 30 

Dead 20 opened 18 

B. harveyi emerged 10 opened 5 
-
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The experi ment was repeated, using 150 cocoons and a 
female sub- adul t Cletr� ionomys. 

Sound 

Dead 

B .  harveyi emerged 

75  

60 

15 

opened 

opened 

opened 

75 

11 

6 

Following thi s, 500 apparently sound cocoons were placed 
in the cage with an adult ma l e  C lethrionomys. Of  these, 493 
were recovered and found to be opened. line experiment was 
disc ontinued because o f  cocoon s hortages. 

The experiment was repeated during 1953 using a cage 
wi th abou t 36 square feet of floor spac e covered to a depth 
of about four inc hes wi th sphagnum moss. Natural food was 
also inserted so that the animals would not feed upon the 
coooons through starvation . The follow ing coooon types were 
then scattered under the moss:  

( a) s ound cocoons of P .  eric hsonii. 
-

(b ) cocoons containing living �.  ha rveli parasite 
larvae. 

( 0 )  coo oons attack ed by a fungal growth. 

( d) cocoons from which B .  harve� i  had emerged. 

( e) sound cocoons wired onto tree tags . 

The ooooon categories were obtained by rearing field 
oollections of fi fth instar larvae. Thus the sound cocoons 
were produc ed b y  apparentl y no rmal larvae, and similarly, 
those containing livine larvae of the dipterous parasite 
§.  harveyi were produced by larvae harbouring the parasite 
eggs. 

I n  addition to the previously mentioned sawfly cocoons, 
five �.  harveyi puparia, five emerged B. harvey1 pupar1a ,  
and two large undetermine d d1pter10us puparla were placed 
in the feedinl cage. These rem�1 ned untouched throughout 
the experiment. 

The following animals were admi tted to the cage indi­
v1dually for 12 hours. 

( a) 
( b )  
( c) 
( d) 

adult male ClethriOno�s. 
sub- adult female Cl et Ionomys. 
adult female Mic rotus. 
two adul t Sorex. 
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Table XVII shows the results o f  the exp erimen t, tested 
by means of individual 2 x 2 Chi-square tests. From the 
table it is postula ted that: 

( a) the ta gs do not attrac t  or repel the animals .  This 
concl usion is signi ficant since predation is 
a sses s e d  in the field by means of cocoons attached 
to t a gs and la te r examined for pr eda tion. 

( b) all sp ecies c an  distinguish to some de6ree between 
sound a nd para s itized coc oons . I n  the cas e  of  
Mic rotus the diff erenc e obtaine d  is signific ant at 
the 3% level.  Since none o f  the dip t erious p uparia 
were touc hed, it is postulated that these a re un­
palatable  to sma ll mammals. 

( c) Sorah is abl e to det ec t to some degree if a parasite 
has emerged , the others c annot. This minimizes the 
overla p  of na tural controls determined by cocoon 
coll ections, and s uggests th9 t  the s el ection found in 
( b )  is dependent upon ol faction. 

( d) all species can det ect to a great extent whether or 
not the sawfly has emerged. Sorex is unerring in 
this r espect. 

( e) all species unerringly rej e ct fungused cocoons. 

The preliminary experiment also indic ates that Cleth­
rionomys can di stinguish to a limited extent sound and dead 
cocoons. I n  the fiel d this would eliminate some of the over­
lap in controls. 

The ability of determining mous ed and shrewed cocoons 
is important if any de: ree of ac c ura cy is to be obtained in 
ass essing preda tion by means of c ocoon plants. C ocoons open­
e d  bv shrews ha ve s erra ted e dges a nd often have a cap or 
"lid· over the ope ned end. Cocoons opened by mice have 
scalloped edges. Sr�ews usually make only one opening in 
the cocoon, b ut sometimes a se cond opening is made. Mice 
howeve r ma y open a cocoon in as many as three or more pla ces. 
FlBure 7 show s a mous ed, shrewed, and sound cocoon. 

Graham ( 22 )  ha s s ugf e s t e d  tha t it is p ossible to deter­
mine whether a coc oon has b een opened by a mouse or by a 
shrew oy examining the opening ma de by each . Morris ( 50 )  
however, has c laim ed tha t this is not possible with cocoons 
of the European spruc e sawfly. I n  ord er to te st this possi­
bility, 20 cocoons known to b e  mou s e d  and 1 0  cocoons known 
to be shrew ed from the p receding exp eriment were examined 
by 25 independent ob s ervers  incl udin� one ho usewife, one 



Table YVII 

Feeding Experiments Conducted on Three Species of Small T\�amma1s 

% cfii-
Species Cocoon tYEe °Eened UnoEened Total °Eened s9,uare d.f. P .  

Clethri- Sound 114 42 156 73 
()nomys Sound on tags 54 26 80 68 .802 1 .40 approx. 

Liv ing Bessa 11 27 38 29 26.03 1 less than .01 
Besse emerged 33 9 42 79 .422 1 .50 approx. 
sewl'Iy emerged 9 'Z 'Z  42 21 65.15 1 less than .01 v v  

Fung'us 0 38 38 0 67 . 86 1 less tr...an .01 

Microtus Sound 56 22 78 72 
Sound on tags 31 9 40  78 '.444 1 .50 approx. 
L iv ing Bessa 9 10 19  47 . 4.124 1 .03 approx. 
Bessa emerged 14 7 21 67 • 210 1 .70 approx • 

CN 
(l) 

Sawfly emert:ed 4 17 21 19  20.62 1 less than .01 
Fungus 0 19 19 0 30.90 1 less than .01 

Sorex Sound 142 14 156 91 
Sound on tags 75 5 80 94 .531 1 .50 approx. 
Li ving Besse 11 27 38 29 71.13 1 less then .01 
Bessa emerged 7 35 42 20 98.12 1 less than .01 
Sawfly emerged 0 42 42 0 133 .28 1 less then . 01 
Fungus 0 38 38 0 13 1.95 1 less than .01 

:r 

... 



Figure 7. Comparison of Sound Cocoon and Opened by 

Mouse and Shrew. From left to right 

( a ) sound 

(b) opened by a mouse shoring scalloped edge 

(c )  opened a shrew serrated 

( d ) opened a shrew showing " cap!! or " lid !! . 
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statistician, two teachers,  three clerks, one stenographer, 
nine ins e ct rangers and technicians, and six res earch officers. 
These w e re divi ded into three classes, and an analysis of 
variance w a s  run in order to dete ct any dif ferences that may 
occur. Table XVIII s how s  no s ign i fi cant dif ferences between 
the ability of each clas s to dis tinguish betw een moused and 
shrewed cocoons. The results w ere then pooled, and it was 
found that the various clas s es could di ff e rentiate moused 
cocoons w i th 85% accura cy and the conf idence interval o f  the 
mean at the 95� level was 84 . 54 - 85 . 46% .  Similarly shrewed 
cocoons could be determine d w i th 83 . 6% accuracy with a con­
fidence interval of the mean at the 95% level of 82 . 81 
84 . 39% . 

Table XVIII  

Te s t  for Determi�ing Accuracy o f  Class es in 
Di ffe rentiating Moused and Shrewed Cocoons. 

.. . .. .. '  .. . .  ' .  

Source d. f. M.S.  F 

rffoused 
Between Clas s es 2 139 . 12 1 . 572  
V;i thin Clas ses 22 88 . 51 

Total 24 

Shrewed 
Between Classes 2 467 . 94 3 . 072 
wi thin Clas s es 22 152. 32 

Total 24 

F. 05 

3 .44 

3 . 44 

7 . 4 Cocoon Predation Trends Using the "Cocoon Plant" Technique. 

The predational effect of small mammals on larch saw fly 
cocoons was estima ted in the f ield using the "cocoon plant" 
method, as previously employed by Graham ( 22 )  and ��orris ( 50 ) . 
Thes e  authors enclosed five cocoons in small cotton bags 
and burie d  the bags on various plots. The present author 
considered this unnatural, and in order to simulate natural 
conditions more closely, cocoons were w ired onto small tree 
tags. Two cocoons about two inches  apart were wired on each 
tag and these were . buried to a depth of about two Inc hes in 
such a manner that the top inch projected from the soil in 
order to locat e  the ta gs during s ubsequent examinations. 
One hundred s ets were planted on each plot. These w ere examined 
at intervals and the individual cocoons re corded as being 

I> 
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untouched, attacked by fungus, paras ite emerged, opened 
by  a mouse, opened by a s hrew, or removed ( pres umably b y  a 
small mammal) . C ocoons that were missing or opened were 
renewed a fter each e xamination. 

Using this technique it was found that small mammals 
prey upon larch sawfly cocoons onl y  during a definite and 
limited sea son . I t  was formerl y supposed that this insect was 
partic ul arly vulnerable to mammalian predation because it re­
mained in the ground within the cocoon for s ome 10 months of 
the year, thus affording an extended period i n  which small 
mammals could prey upon it. However it i s  apparent that 
light predation begi ns in late August, reaches its greatest 
intensity during September, and t hen slowly declines until 
November. A fter this, little or no predation occurs on this 
population. T hus it i s  postulated that small mammals prey 
upon the larch s awfly to a limited extent in late A ugust, 
reach a climax in September, and then slowly relax their 
press ure unti l the ground is frozen. T his constitutes the 
entir e  predation until the following Aug ust when mammalian 
preda to rs again begin to d estroy c ocoons. From ob servations 
it was found that small mammals prey upon cached cocoons 
during the winter months. However these hav e already been 
removed from the fie ld population, and once cached are poten­
tially destroyed. 

The results of the experiment are recorded in Tables XIX, 
X :C ,  and �:XI . Populations of preda tors and prey are included 
in the tables s ince Graham ( 22 )  suggested that Variations in 
mouse populations are reflected in the predation of the la rch 
sawfly , and Errington ( 19 )  s uggests that predation, within 
certain limits, is dependent upon the population density of 
predator a nd prey . I n  many cases, the entire coc oon was re­
moved from the tag leaving no evidence of the predato r. It  
was as sumed that this chara cteristic was random for both mice 
and s hrews. Small mammal populations were taken from the 
seasonal popula tion curves for the various plots. Larch 
sawfly popula tions were estima ted as outlined in Section 6 , 
and corrected for los s  throug h predati on. 

T he foregOing tables ind icate a SUbstantial reduction 
in the larch sawfly coc oon population through the activities 
of mammalian predato rs. Shrews, espe c ially during 195 3 ,  
were particularly ac tive a s  cocoon predato rs and their value 
as a natural control factor has apparently been underesti­
mated by Graham ( 2 1 ) . Morris ( 50 )  however, has recognized 
the importance of ins ecti vore predators of the European 
spruce sawfly. During 1953 , the cumulative predation was 
94 . 1% on Plot 2 , and 97 .6% on Plot 3 .  Shrews accounted for 
88 . 1  and 58 . 6  per c ent of this respectively . Sin ce other 
mortality fac tor s ,  s uc h  as parasitism, operate azainst the 



Table XIX 

Preda t ion , Sma ll lIfe mma 1  Populat ions and Sawfly Popula tions on Plot 1 .  

% C ocoons C ocoons open-
% % Total f.J!ice opened ed p er shrew 

Da t e  Moused  Shrewed preda- per Shrews Sawfl ies  per  mou s e  per day 
t ion acre  per  a cre per a cr e  p e r  day 

4/1)1/52 21 11 . 32 3 . 85 . 96 186, 000 371 872 

1/X/52 41 12 53 3 . 46 . 63 130 , 000 53 388 

IS/I V/53 43 14 57 . 35 . 08 117, 000 

24/VI II/53 1 . 5  . 5  2 1 . 62 . 86 91 , 000 208 131 

31/VIII/53 5 2 7 1 . 85 . 99 86 , 400 284 133 
� 
0 

7/1 X/53 16 3 1 9  2 . 07 1 . 03 7 5 , 000 683 208 

14/IX/53 3 9  6 45  2 . 27 1 . 28 51 , 000 1385 223 

21/IX/53 4 9  10 59 2 . 34 1 . 28 38 , 100 519 4 91 

28/1 X/53 54 13 67 2 . 27  1 . 24 30 , 600 588 276 

4/X/53 58 16 74 2 . 2 1  1 . 21 24 , 000 259  307 

11/X/53 60 1 7  77 1 . 15 1 . 15 21 , 300 1 18 112 



Table XX 

Preda tion, Small  \�amma 1 Popula t i ons and Sawfly Populat ions on Plot  2 .  

% Coc o ons C o c oons open-
% % Total Mic e opened ed per shrew 

Dat e  �Jfoused  Shrew ed preda- per Shrews Sawfli es per mous e per day 
tion acre  per acre per  a c re pe r day 

1/IX/52 12 16 28 6 . 41 . 41 108, 400 208 4058 

30/I Y/52 16 25 41 5 . 63 . 30 88 , 700 72 1966 

1/vr/52 25 38 63 4 . 82 . 24 55 , 700 141 1478 

15/V/53  28 41 69 . 82 . 51 46 ,700 

24/VII I/53 0 4 4 2 . 29  3 . 29 173 , 000 540 � 
f-I 

31/VII I/53 0 22 22 2 . 25 3 . 35 140 ,000 1386 

7/I Y/53 0 36 36 2 . 27 3 . 05 1 15 ,000 1180 

14/I X/53 0 48 48 2 . 33 2 . 52 92 , 900 1270 

21/IX/53 3 75  78 2 . 38 2 . 37  39, 600 198 3014 

28/1 X/53 5 81 86 2 . 27 1 . 74 25 , 300 82 1067 

4/X/53  6 85 91 2 . 19 1 . 58 16, 500 46  746 

11/X/53 6 87 93 2 . 04 1 . 41 1 2 , 600 395 

18/X/53 6 87. 5  93 . 5  1 . 92 1 . 23 1 1 , 700 106 

25/X/53 6 87. 7  93 . 7  1 . 78 1 . 04 11 , 400 41 

1/ ;'1/53 6 88. 1 94 . 1 1 . 49 . 89 10, 600 128  



Table XXI 

Preda ti on, Small  ramma1 Populations and Sawfly P opulations  on Plo t 3 .  

% C oc o ons C oc oons open-
% % Total Mic e opened ed p er shrew 

Date  ��oused Shr ewed preda- per  Shrews Sawfl i e s  per  mous e per day 
t ion acre per a cre per acre per day 

3/IX/52 2 26 28 1 . 08 1 . 19 342 , 000 88 7185 

30/1 X/52 15 31 46 . 95 1 . 06 256 , 000 1442 1712 

15/V/53 17 32 48 . 61 1 . 82 247 , 000 

24/VIII/53  7 7 . 76 5 . 42 677 , 000 2353 

31/VI II/53 29 2 9  . 74 5 . 56 517 , 000 4111 
J0l:>-
t\) 

7/IX/53 5 36 41 . 73 5 . 44 429 , 000 1174 2153 

14/IX/53 5 51  56  . 71 5 . 32 321 , 000 2900 

21/1 X/53 9 75  84 . 70 5 . 21 116 , 500 1245 5440 

28/1 X/53 9 84 93 . 69 5 .0 9  50 , 900 1841 

4/X/53 9 87 . 5  96 . 5  . 65 4 . 98 2 5·, 500 744 

II/X/53 9 88 . 2  97 . 2  . 63 4 . 82 20 , 400 151 

1 8/X/53 9 88 . 6  97 . 6  . 60 4 . 73 17 , 500 88 
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population, i t  w ould �appear tha t  in the s e  and s imilar area s ,  
insec t ivorous preda tors might either  t ermina t e  a larch s awfly 
infesta tion or  decrea s e  i t s  int ens i ty . Sinc e small mammal s  
appear to re j ec t  para s iti z ed cocoons t o  some extent , the . .  
great es t effec t of preda tion would oc cur ,  theoret ically, a s  
the inf e s ta t ion approa ched it s peak i n  tha t  p eriod just prior 
to the para s i te peak . 

Upon examina tion of the c olumns "C ocoons open ed pe r 
rodent per day "  and "Co coons opened per ins e c t ivore per day" 
in the for egoing tabl es , it w ill be no ted tha t in one ca s e  
i t  wa s ca lcula ted that over 7 000 c oc oons were  taken by the 
pr eda tor s per day ,  and in many ca s es about 2000 w er e  taken .  
Da ta on  cared animals do  not lend support to the s e  fi gure s . 
There are three plausib l e  explana t ions for this dis c r epanc y : -

( l ) �fammal popula ti ons w er e  inac cura tely measured .  

( 2 )  Sawfly populat ions w er e  inaccura t ely mea sur ed .  

( 3 )  Sawfly la rva e exper i enc ed c on siderable mor tal i ty 
after fall ing from the trees but b efore s pinning  
coc oons , sinc e the c oc oon popula t ion was  derived 
indir ectly from ma ture larva e ra ther than c oc oon 
c ounts .  

The author c onsiders tha t the small mammal populat ion es t imates  
are  r ea s onably accur a te . Fur thermore ,  the sawfly popula ti on 
would ha ve  to be overes t ima t ed from four to nine t ime s  in 
order to bring the numb er des troyed p er mammal p er day wi thin 
reasonabl e bounds . Therefor e ,  the third explana t ion ( vi z : 
tha t the sawfly larva e exper ience heavy mortality af ter 
falling f rom the tree s but befor e spinning c o c oons ) s eems 
the mos t plausibl e .  Such mortality may b e  c au sed by s uc h  
factors  a s  mammalian pr edat ion of trans i ent larva e , frog  
pr edat i on ,  preda t i on by ground feeding birds , di s ea se ,  or 
unfavourable water r elationship s . 

The preda t or and prey popula ti ons w ere examin ed, to 
determine whether or no t preda tion i s  den si ty d ependent . 
The r e sul ts  of the ana ly s is shown in Table XXII , indicate  
tha t there  is no  correlati on betw een preda ti on a nd t he 
populat ions of pr edator and prey , a lthough the c orr e la t ion 
wa s c alcula t ed from e s t ima t e s  and i s  therefor e s ta t is­
t i c ally weak .  Graham ( 22 )  ha s suggested tha t small mammal 
popul a t ions may b e  est ima t ed from the r esul t s  of c oc oon 
ana lys i s ,  but this portion of the s tudy indi ca tes  tha t 
there is probably no simpl e  relat ionship b e tw een the preda tor­
prey popula t io ns and t he exten t  of preda t ion .  
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Table XXII 

Correla tion Coeff i c i ents  on Preda t ion , Mammal 
Popula tions and Sawfly Popula t ions 

Plo t Sourc e r d . f .  r . 05 

1 ct 
, �  "�ous ed vs . 

Mous e POEula tion 
Sawfly Population . 155 8 . 632 

% Shrewed vs . 
Shrew P OEulation 
Sawfly P opulation . 229 8 . 632 

% Preyed upon vs . 
Sma l l  Mammal P OEulation 

Saw fly Populatio n  . 076 8 . 632 

2 % Mous ed vs . 
Mouse POEulation 
Sawfly Popula ti on . 398 9 . 602 

fo 
Shrew P OEulation 

Shrewed vs . Sawfly Population . 171 9 . 602 

% Preyed upon vs . 
Smal l Mammal P OEulation 

Sawfly Population . 226 9 . 602 

Mous e· P OEula tion 
3 % Moused vs . Sawfly Population . 165 12 . 532 

� Shrew ed vs . 
Sr�ew POEula tion 
Sawfly Population . 223 12 . 532 

% 
Small Mammal POEula t ion 

Preyed upon vs . Sawfly Population . 499 12 . 532 

The location in which the ins ec t  s p ins  its  coc oon may 
be  in part a defen s e  aga in st sma ll mammal predatio n .  Worker s  
i n  the f i eld have no t ic ed tha t the re a re s everal loca t ions 
in which c oc oons are a lmo st inva riably mis s ed by s ma ll mammal . 
preda tors . Using the c oc oon planting technique i t  was found 
tha t coc oons plant ed b e s id e  the r oots  of trees  and in hummocks 
in the bogs w ere heavily prey ed upon by s mall mammals . On 
the o the r hand, coc oons in the low lying pla c es b e tw een the 
hummocks were  usually mis s ed by mammalian preda tor s e specially 
when thes e l oca t i ons  w ere  a t  or near the water table . 
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7 . 5  Sa tura tion Trapping. 

Preda tion by small mamma ls wa s also tes ted by means  of 
a satura tion trapping technique . This con s is t ed of sna p-back 
trapp ing to remo ve the e n tire small mammal population from a 
plo t .  Emerging larch sawfly adult s  were captur ed by means of 
emergenc e cages , and the s e  numbe rs w ere compa r ed with emergence 
from a similar plo t  c on ta ining a full compl ement of sma l l  
mammals . The e xper imen t wa s conduc t ed on P l ot 3A , and Plot 3 
wa s used as the check plo t .  The plots w ere  a lmos t  identi c a l  
( s e e  S ec tion 4 , Table s I and II ) and the la rch sawfly co c oon 
populations w ere  very s imilar ( s ee  S ection 6 ,  Tabl e XV ) . The 
popula tion of mamma ls  wa s a ssumed to be the s ame on bo th 
plots ,  although no det erminat ion s c ould  b e  made on Plot 3 
w ithout disturbing the small mamma l popula t ion .  

I t  i s  no t know n  conc lusi vely if i t  i s  possibl e t o  re­
mov e the en t ire  sma ll mammal complement from an area . 
Saunderson ( 58 ) found tha t  during an extended trapping pe ri od 
of over 40 c onsecut ive days , con s iderabl e number s  of small 
mammals  w er e  still being trapped.  However in the author ' s  
experiment beginning in July 1952 , animals  were captured up 
to the sixth day , af ter which no fur ther anima l s  were 
captured .  Aft er an interval of two w e eks , no animals  w e r e  
captured o n  t h e  body o f  the plot , but a few w ere  taken i n  the 
two out s ide l ines . A s  an addit ional check , co coons  were 
planted a t  each trap posi tion .  By the end of May 1953 , only 
11  coc oons had b een tak en , and of these  only one was  on the 
body of the plot . I n  add it ion to  the se , a row of c ocoons 
wa s planted around t he inner square  cha in on the plot,  and no 
mammalian preda ti on had oc curred on thes e  a t  that time . The 
resul ts of  the t est  strongly sugr est t�� t  s e tu ra t ion tra pping 
is pos s ible . 

Trapping was  resumed on Plot 3A in early ¥ay of the 1 953 
s ea son in order to k ee p  the mamma ls from the plot . The 
resul ts of the exp eriment are su��ar iz ed in Tabl e )�III . The 
in it ial larval ind ex is the mean number of larvae c aptured 
per funnel , and the pr edati on larval index i s  this  figure  
correc ted for small mammal preda t ion using coc oon plant s .  
The emergenc e index i s  the mean number of adult s c aptur ed in 
the emergenc e cages whic h  w ere  s e t  out i n  thr e e  s er ies  a s  
follow s : 

( 1 )  S er i e s  A .  - T en cages  diametrically opposite  larval 
funn el s . 

( 2 )  Series B .  - Ten cages  ra ndomly pla c ed throughout the 
plo t .  

( 3 )  Series  c .  - T en cages  randomly pla c ed in the c entre 
square cha in of the plo t .  
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Table 1''' 1 1 1  indica tes  a c lo s e  r ela tionship be tween the· 
per c en t  preda tion ba s ed upon coc oon plants  and the surviv­
ing adult popula t ion.  

Table  YYIII 

Rela tion ship Betw een Preda ti on and S awfly Emergen c e  

Plo t Treatment 

3 1'Jfamma ls pr e s ent 

:3A Mammal s  remov ed 

I nitial  
Larval 
I nd ex 

28 . 1  

29 . 0  

Rat i o  o f  Plot :3 and Plot 3A 

Preda­
tion 
Larval 
I nd ex 

14 . 6  

26 . 4  

. 55 

Emergenc e I nd ex 

S er ies  S er i es Seri e s  
A .  B. C .  

4 . 3  2 . 2  3 . 7  

9 . 1  5 . 1  8 . 0  

. 47 . 43 . 46 

Although the relati onship is  c lo s e ,  the r e sult s of this 
experiment should b e  c on s id ered  indi ca tive ra ther than c on­
c lus ive , s in c e  it  was  found tha t the adu l t  sawfly were able 
t o  readily escape from the ba s e  a nd edg e s  of the cages . Ants 
w ere also  obs erved r emoving insec ts from the c a ge . A s er i es 
of s ix c a ge s  W 8 S s e t  up in a bog whic h  pr esumably c ontained 
no larch sawfly,  and t en f reshly emerged saw fly w ere intro­
duc ed into ea ch cage . The se  w er e  examined 24 hours la ter and 
i t  wa s found tha t l es s  than half the sawfly a dul t s  w ere re­
covered.  The exp eriment should be repea t ed  af ter an improved 
emergenc e c ag e  ha s b e en c on s truc t ed .  R egardles s  o f  t he 
inadequac i es of th e experimen t ,  there do e s  appea r t o  be a 
good r ela t i on ship betw een the los s due t o  pr eda t ion a s s e s sed 
by means of  c oc o on planting and the emerg enc e of adul t 
s aw fly the follow ing year . 

By virtue of the r esult s of t hi s  exp erime nt c oc oon 
planting w ill be us ed in the future  in order to e s tima te 
preda tion by s ma ll mamma l s .  

8 .  DI SCUSSION AND SUMMARY 

8 . 1  Preda to r  and Prey P opula t ions . 

Previous studi e s  relating to  the r o l e  of small ma��alian 
preda tors of the larch s awfly have  not appro ached the probl em 
f rom a population dynamic a s p ec t , a lt houeh a densi ty dependent 
rela t ionship wa s sugges t ed by Graham ( 22 ) . S in c e  thi s s e emed 
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t o  afford a promi s ing l ine of inv e s t iga tion , con s id erable 
t ime wa s spent during the present s tudy in refining popula­
tion a s s essm ent  techniques for both prey and preda tor 
spe c ie s . 

Secaus e smal l mammal preda t ion on the lar ch sawrly c on­
cerns cb ief ly c oc ooned in s ec ts in the soi l ,  s tud ies  on sawfly 
populat ions wer e  dir ec t ed la rgely towards tha t port ion or  
the popula t io n .  I t  has b e en found by a number of  w orkers  
(14 , 23) thE t sampling coc oons directly is not only laborious 
to the extent of being imprac t ical  for a sing l e  opera t or ,  
but a l s o  tr�t  the s tanda rd d evia t ion or  the sample i s  so 
w ide  tha t the value of the informa t ion i s  seri ously l imit ed .  
Thererore a me thod w a s  adopted whi c h  a t tempted to  e s timate  
larval  populat i ons dropp"ing to sp in cocoons . Funn els w ere 
pla c e d  under repr e s enta tive tre es to trap fall ing larva e 
and the numb er caught were r ela t ed to  cocoon p opul a ti ons on 
the a s sumption tha t each larva r epre sen ts a c o c o on .  The 
s ea s onal means and standa rd devia tions f or 10 funnel �  on 
each Of Plo ts  1 ,  2

, 
3 ,  and 3A dur ing 1952 w ere 13 .3  C 6 . 5 ,  

12 . 3  ! 12 . 1 ,  28 .1  _ 10 . 0 ,  and 29 .0 t 8 . 8 ,  which indica tes  
tha t the e stima t e  wa s rea s ona bly accura t e  for the s ta ge 
sampled with the not able  exc ept ion of those  det erminat ions 
from the very sma ll  tre e s  on Plot 2 .  How ever there is s ome 
indir ect  evidenc e to suppor t the theor em tha t the re i s  c on­
s iderable  morte l i ty after the larva e  have dropped to the 
ground but befor e c o c oons hav e  been spun.  If  this  is  t rue ,  
there rema ins the probl em of  a s ses s ing thi s mort a l i ty before 
a fully a c c ura t e  c o c o on popula ti on e s t i mate  can be made . 
Prelimina ry s tudi e s  on  emerging adul t popula ti ons w ere  also  
c onduc t ed using ground emergenc e cage s . A lthough the method 
i s  tl�eoretically sound , there are  s everal technical d iffi cul t i e s  
which mus t  be c orr ec t ed t o  achiev e  rea s onable prec ision .  The 
ma in requirement i s  a modif ic a t ion in b a s ic design of the 
trap to pr event the escape  of emer ged in s ec ts .  How ever 
us eful c ompa r i s ons may be d er ivej from data c o ll ected  us ing 
the unmodif i ed  emergenc e cage . 

Sma ll mamma l populati ons w er e  mea sured c hiefly by means 
of l i ve traps ut iliz ing the mark- rel ea s e-recaptur e  t echnique  
( 5 ) . Popula tions on  the effec tive trapp ing area w ere de­
t ermin ed by means  of the Linc oln I ndex ( 43) and i t  w a s  c on­
c lude d  that a pooling of data ror t he f inal t hre e determina t i ons 
for any g iven trapping period gave the mo s t  a ccura te popula­
t ion value . Home ranges w ere  calculated  for C letr�ionom�s tappe ri , Micro tus pennsylvanicus , and Sorex c i nereus ; an for 
hes e ,  cruiSing radii w er e  calcula t ed a s  follow s : -

C lethri onomys 
Microtus 
Sorex 

89 feet  ( Plot l ) , 76 feet  ( Plot 2) 
73 re e t  

1 3 9  ree t  
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T he cruising radius for each species was then used as a 
boundary strip, which when added to the area enoompassed by 
the traps, gave the effective trapline area for each speo ies. 
Suffi cient data were collected on Clethrionomys to compare 
the home ranges. I t  appears from the results o f  this analysis 
that home ranges did not differ significantly between sexes 
or between population denst ties but a sign i fi cant di fference 
was obtained between home ranges of this species on two of 
the habitats studied. 

In addition, experiments were conducted to assess small 
mammal populations using snap-back traps. Although the data 
are meagre there is some evidence to support the view that 
both line and grid snap-baok traplines can be used to dete r­
mine absolute populations with reasona ble accuracy . S hould 
further studies SUbstantiate this conclusion, it will enable 
a greater collection of information in terms of energy ex­
pended. 

8 . 2  Coac tions o f  Small Mammals and the Larch Sawfly .  

Although 14 species o f  small mammals were recorded as 
inhabiting tamarack bogs of eastern Manitoba, few of these 
can be considered important predators o f  the larch sawfly. 
By virtue of thei r low populations, all b ut five of these 
might be ex cluded as coo oon predators. T he speo ies whio h 
maintain populations in suff icient numbers to reduce sawfly 
populati ons appreciably are Clethrionomys gapperi, Mi crotus §ennsYlvanious,  Zapus hUdsonIus, Peromyso us manI culatus, and 

orex clnereus. However Z .  hudsonl us and P .  manlculatus 
occur onl y on the peripheral regions of the bogs and for 
this reason, mi ght also be excluded as important predators, 
sin ce predation in these fringe regions is probably negligible. 
Although all three species of important small mammals occur 
on all the hab itats inv estigated, variations in the popula­
tions o f  these speci es in each habitat are evident. 
C .  garte ri oo curred i n  highest numbers in dense, reasonably 
ary s es; !. pennsylvanicus in open, moist sites; and 
S .  cinereus in dense, wet sites. Habitat variations are 
!mportant si nce the value  of these species as cocoon predators 
di ffers. 

Feeding experiments were conducted on the three important 
mammalian speci es. Altho ugh the food capacity o f  each appears 
roughly equal, S. cinereus has powe rs o f  discrimination not 
possessed by the other spe ci es. S. cin ereus habitua lly 
rejects cocoons that have been attack ed oy f ungus, cocoons 
from which sawflies or parasites have emerged, and cocoons 
parasitized by �. harveyi ; whereas the remaining species 
reject these cocoons to a lesser extent. S .  cine reus 
therefore appears to b e  the most useful predator from a larch 
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sawfly c ontrol s tandpoint s inc e overlapp ing of control fac tors 
is minimi z e d .  }·,�orris ( 50 )  recogn i z e s  the importanc e of shr ew s  
a s  preda to rs o f  the European spruc e s awfly , where a s  the earl ier 
work of Graham ( 21 )  exclud e s  them as impor tant preda tor s of 
the la rch sawfly. 

A modif i ca t ion of the earl i er " coc oon plan t ing " techni­
que ( 22)  was used to  a s c erta in the e xt en t  of s mall mammal 
preda tion of sawfly coc oons in the f i eld . Pre liminary ex­
p eriment s indi ca t ed tha t it i s  p o s s ibl e t o  di s t ingu�-sh w i th 
r easonable  a ccuracy betw e en cocoons opened by mi c e  a nd tho s e  
open ed by shrew s . The t echnique i s  probably quit e accura te , 
s inc e it  was found tha t d ecr ea s e  in spring adul t emergenc e  
was proportional t o  preda tiona l  l o s s  a s  a s s es s ed by thi s me thod. 
The r ela ti onship between amount of pr edation and abundanc e of 
the predator and prey animal s do es no t appear to  be a s imple 
densi ty-dep endent one , a l  ttough t his  cannot b e  argued con­
clus i vely , as  it  w a s  pointed out e arl i er that there may be a 
large di screpancy in e s t ima t es of the lar ch s awfly coc oon 
popula t ions a s  det ermine d  by falling larva e .  The importanc e 
of shr ew s  i s  exemplified by the s e  re sul t s , for the proport i on 
of coc oons opened by s hr ew s  to  shrew populat ions i s  c on­
s id erably greater than the proportion of co coons opened by 
mic e to mou s e  popula t ions o 

The cocoon plan ting techni que sugges t s  tha t  57% , 69% , 
and 48% of the cocoon popuJ.ations on Plo ts  1 ,  2 ,  and 3 
r e spect ively w er e  d e s troyed by sma ll m9mma l s  during the f a ll 
of 1952 , and 77% , 94 . 1% ,  and 97 . 6;£ r espe ct i 'lely wer e  de­
s troyed dur ing the fal l  of 1953 . I t  was  fUI'ther found that 
the period of pre dation is  r el a tively short , las ting f rom 
the beginning of Septembe r  to the t im e  the ground freeze� . 
Thi s i s  c ontrary to the opini on held by many w ork ers , tha t  
preda tion i s  carrie d on thr oughout the spring p eriod  until  
the c ompl e t ion of sawfly adult er:J�rgenc e ( 22 ,  24 , 25 ) . 

This inves tiga t i on indica te s  tha t s ma ll mammal s  are one 
of the most important natural  c ontrol fa c t or s  opera t in g  
a ga ins t the larch s awfly i n  the st udy areq . 
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