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Abstract

Population models involving larch loopers of

the Semiothisa Hilbner complex and small mammal numbers

suggested possible interspecific relationships to exist

between these two groups. Masked shrews (Sorex cinereus

Kerr) and redback voles (Clethrionomys gapperi loringi

Bailey) showed warticularly well their effect on the
numbers of larch looper pupae by registerinc strong po-
sitive numerical and functional responses to densities
of larch looper pupae., The importance of the larch loo-
per pupal stage in the population dynamics of larch loo-
pers was stressed when a key-factor analysis using the
logarithm of survival of pupae (log S) instead of the
logarithm of the previous generation (log hp) improved
the nredictability of future larch loorer populations.
However, the use of the logarithm of survival of nupae
from small mammals (log Sn) did not improve the predic-
tability; this suggested the non-importance of the small
mammal populations as a determining factor (key-factor)

in the population dynamics of this insect groun.

ii

Field experiments that consisted of 'food pre-

ference tests®, 'stomach analyses' and ‘pupae vlanting’
confirmed the existence of intersvecific relationships
between the two groups, as suggested by the statistical
anpalysis. Small mammal populations, especially masked

shrews and redback voles, evpressed stronc vositive nu-



iii

merical and functional responses to the densities of
larch looper pupae. The role of larch loorer vpopula-
tions acting as a buffer feod surply for small mam-

mals of Manitoba boos is discussed.
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Introduction

Field studies on the population dynamics of
mnajor harmful insect species have been in progress for
many vears., The recent outbreak of larch sawfly, Pris-

tiphora erichsonii Hartig permitted students of ecology

to find its main regulating factors (Lejeune and Hil-
dahl 1954, Lejeune 1955, Ives and Turncck 1959, Ives
1962,1963 and 1964). Thus, the importance of small fo-
rest vertebrates as predators of this defcliator species
has been given considerable attention (Buckner 1955,
1958, 1959 and 1966). Birds have been shown to prey
heavily upon the adult and larval stages (Buckner and
Turnock 1965), whereas small mammals are particularly
important as vrredators of the cocoon stage (Buckner
1959, 1966a and 1966b). Because the sawfly remains with=-
in the cocoon for at least 10 months and sometimes for

a vear or more (Ives 1964), it is particularly wvulnera=-
ble to small fossorial mammals.

Populations of sawfly vary considerably both
in time and in space, and in reriods of sawfly scarcity
alternative prey must be consumed., Holling (1959 and
1965) has shown the importance of alternate food supplies
in the predation complex involving the European Pine

Sawfly, Neodiprion sertifer Geoff., He found that the to-

tal food consumption of white=footed mice (Peromyscus leu=-




copus Pafinesque) remained constant, with an increase in
sawfly consumption when the alternate food had a low pala=-
tability, and vice-versa,

Secondary defoliators of tamarack trees in
the Manitoba bogs are known to exist hecause of their
regular occurrence in various larch sawflv sampling
trams., One of the most consistent orourms to he collected

on the larch trees is the Semiothisa Hiibner complex repre-

sented by the species sexmaculata Pack., signaria Cn.,

oweni Swett and bicolorata Fabr. The Semiothisa group

forms a prart of the order Lepidortera, familv Geometri-
dae and subfamily Ennominae. These larch loover ropula-
tions are characterized by a around-inhahiting stage
which is rrobably preved umon bv small marmal srecies
sharing the same habhitat.

As the final comnonent of this system, the

small memmal species, of which the masked shrew (Sorex

cinereus cinereus FYerr), the Pmerican pyamy shrew (Mi-

crosorex hovi (Baird)), the short-tail shrew (Rlarina

brevicauda manitobensis Anderson) and the redhack vole

(Clethrionomvs capperi lorinagi Bailev) apncar to he the

main mortality=-causing factors,
The purmose of the study was to determine the
impact of small mammal pornulations on the numbers of

Semiothisa spp. and to determine the role of this avai-

lable food supply for small mammals in tamarack hogs of



Maritoba. The small mammal and larch loover interactions
were evaluated in the light of current theories of pre-
dation. The vossible role of this insect grourn as a buf-
fer food supply for small marmmals is also investigated.

The effects of small mammals on larch loopers
cannot be explained until we know the impact of loopers
on each other and the effects of sawflies on the larch
looper ponulations. These interactions are included in
the statistical analysis of the first section alohg with
the relationships between the mammalian povrulations and
larch looper numbers,

The second and third sections of the thesis
correlate the actual field data analyses with that of the
statistical avprcach. The food preference tests were de-
signed to give an answer as to whether or not the small
mamnals knew the existence of the larch loorer material.
Buckner (1952 teo 1970) showed that the shrew and vole
species were extensively using various insect material as
food. The determination of the optimum potential nreda-
tion of small mammals on larch looner nunae was used to
set up the upper limits of the mortalitv caused bv indivi-
dual mammals or pnonulations, and used as a mean to compa-
re it to that of the actual field rmortality; this optimum
predation is usually calculated by dividinc the metabolic
requirements of individual mammals by the caloric value

of a given food item. The stomach analvses and the 'purae



planting technique' represent the two fundamental and
final field experiments whose aims were to confirm the
qualitative and quantitative aspects of the study. The
field confirmation that small mammals do indeed eat
this larch looper material and the quantitative deter-
mination of the extent of this mortality might suggest
the very important role of such a food supply for both
the small mammals and the larch sawflies of the Manito-

ba bogs.



Literature review

A, Semiothisa spp. populations

a. Taxonomy

The Semiothisa group forms a part of the order

Lepidoptera, family Ceometridae and subfamily Ennominae.
According to Forbes (1948), the classification of the
subfamily is still unsatisfactoryv; he divided the genus

Semiothisa into tribes by consideration of the male an-

tennae andé genitalia. The pupae, so far as known todav,
can be classified only by making microscopic mounts. Keys
to subfamilies of Ceometridae larvae, pupae and adults
can be found in papers by McGuffin (1946 and 1967) and a
description of the more common species is revised by For-
bes (1948). Descriptions of larvae and adult stages can

be found in McGuffin (1947).

b. Factors affecting populations

Very little is known about the population dyna-
mics of the subfamily Ennominae. Recently, Luk'jancikov
(1967) discovered and described a new virus of the larch
moth forming no inclusion bodies. Herrebout (1967) des-

cribed the habitat selection of Eucarcelia rutilla Vill.

(Diptera, Tachinidae) which parasitize larch looper popu-



lations. Two years earlier, Melvin and Turnock (1965)

had found that Bessa harveyi (Tnsd.), a well known pa-

rasite of sawfly larvae, attacked lepidopterous larvae

including Semiothisa. The number of emerging adults of

Bessa from parasitized larvae indicated the species S.

granitata to be the most favorable host and S.bicolorata

and S.oweni as secondary ones. One can, however, gain
some insight as to the important mortality factors of

Semiothisa spp. by examining those of P.erichsonii Itg.,

Mortality factors such as the parasitism of sawfly lar-
vae have been particularly well studied and related to

population changes. Parasites such as Mesoleius tenthre-

dinis Morley and Olesicampe nr., nematorum have received

special attention (Criddle 1928, Hopping et al 1943, Mul-
drew 1967). Armong vertebrates, frogs (Buckner 1952),
birds (Buckner and Turnock 1965) and small mammals (Gra-
ham 1928) were assessed to bhe very important predators

of sawflies, destroying at times up to 90 percent of lo-
cal populations. Egg and larval stages were also found to
be prone to invertebrate predation; four species of mi-
rids and one species of anthorocids were found to eat as
much as 4 eggs per day (Ives 1967); 23 species of insects
and spiders were observed to feed on larch sawfly larvae
(Ives 1967, Muldrew 1955). Floods can destroy from 50 to
100 percent of the larch sawfly cocoon populations (Ives

and Nairn 1966, Lejeune et al 1955). Further effects of



weather on the survival of eggs, larvae and cocoons were
evaluated by Graham and Sutterland (1959), Heron (1960)
and Ives (1961). Eight genera of parasitic fungi and bac-
teria were also found to play a role in the natural con-
trol of sawfly numbers (Mac Leod and Heimpel 1955) by
acting on larvae and cocooned larvae., Defoliation (Ives
1963) and premature larval drop (Ives 1967) were postu-
lated, as well, to explain the larch sawfly population
fluctuations. Similar mortality factors are undoubtedly
responsible for the population changes of larch loopers,
although their mode of action might somewhat differ from

those acting on the larch sawfly.

c. Life history and ecology

In Manitoba, adults begin to appear in May with
the peak of emergence in July and RAugust (Prentice(ed.)
1963); the larvae begin to feed on their hosts from July
until very late in October (Atwood 1944, Forbes 1948), The
pupae, which are formed after 20 to 50 days of development
from the egg stage, are probably present in the bogs from
July to early May of the following vear. The larval popu-~
lations of the four species mentioned above are given in
Table 1 of the Appendices. All four species tend to exibit

population peaks (Figure 1). The species S.sexmaculata is

particularly noticable for its 9«vear interval peaks while

the other three species offer more regular and stable popu-



Figure 1. Numbers of Semiothisa larvae collected across

Canacda for a period of 20 vears (after Prenti-

ce (ed.) 1963).
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lations.
Broadly speaking, these solitarv defcliators

seem to prefer swamps where tamarack (Larix laricina

{Du Roi) K. Koch) and Western larch (Larix occidentalis

Nutt.) can grow easily (Prentice (ed.) 1263). The spe-

cies S.sexmaculata and S.oweni feed mainly upon tamarack

while S.signaria and S.bicolorata are recorded most fre-

quently on Balsam Fir (Abies balsamea (L.) Mill,) and

Jack Pine (Pinus kanksiana Lamb,).

No complete description of the distribution of

Semiothisa spp. is available in the literature., Forbes

(1948) and Prentice (ed. 1963) indicate that their larvae
are collected regularly from Newfoundland to eastern Bri-
tish Columbia, from Labrador and Ungava (55°49' ncrth) to
Great Slave Lake, south to central Massachusett and New

York. The distribution of S.sexmaculata, the most numerous

of the four species in Ontario, Manitoba and Saskatchewan
regions (Figure 2) suggests a heavier population in the
southern part of these three provinces. They are however
found in every tamarack stand throughout these regions

(Prentice (ed.) 1963).

B. Small mammals

a. Trapping techniques

Population density means the number of animals
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Figure 2. The distribution of S.sexmaculata Pack. in the
forest districts of Ontario, Manitoba and Sas-
katchewan (from samnles collected bv the Ran-
gers of the Insect and Disease Survey Team of
Manitoba).

I, Lindsay 1952
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P, Pembrooke 1955
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SR, Southern Region 1957-1958-1959-1963~-1064~1965
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per unit area or the ratio between the animal numbers
and the spatial area they occupv (Andrzeijewski 1962) .
The capture=recapture techniques are often used in
small mammal censuses., 2 basic assumption of the method
is that all the animals in the trappable population must
have equal risk of capture; there must be no differen-
tial trap response between the marked and unmarked ani-
mals (Leslie et al 1953), When large numbers of indivi-
duals are present, the calculation of the ponulation
density is usually made by means of the ILincoln Index,
Some bhasic assumptions are: the equivalence of mortality
between the marked and the unmarked animals; the durabi-
lity of the marks; the random mixture of the marked indi-
viduals with the unmarked and the constancy of the vpopu-
lation under study (Southwood 1966)., The reliability of
the technique was tested by Buckner (1957) and he showed
that shrew and rodent ponulation estimations were valid
at the 95 percent level., However, the heterogeneitv of
trap-response showed by trar-shy and trap-addicted mice
(Young et al 1952, Tanaka 1956), the preference of cer-
tain voles and mice to a given trap (Morris 1968) and the
mis-evaluation of small mammal populations because of the
edge effect (Pelikan 1968) contradict some of the hasic
assumptions of the method.

Population studies can also be made with snar-
back trar methods. The impossihility of distincuishing

between resident and non-resident animals and the removal



of local individuals which allows the composition of

the population to be altered by the invasion of others,
are partly responsible for the inaccuracy of the me-
thod (Smyth 1968) ., Furthermore, the better performan-
ces showed by pitfalls (Mac Leod and Lethieca 1963), 1li-
ve traps (Sealander and James 1958) and Schuvler traps
(Pruitt and Lucier 1958) when compared to the common
snap-back traps, make them inappropriate. Another com-
parison between live traps and snap=-back traps effecti-
veness can be found in Duran (1968). Buckner (1957) ob-
served that estimates of small marmal populations were
similar regardless of the trapping method used; live
traps on grid, snap-back traps on grid and snap-=back
traps on standard lines yielded approximately the same
results. Where a rapid census is reqguired, snap-back
traps gave usually reliable results in late summer; the
use of snap=-back traps should usually be avoided when
trapping is to be made over long periods, because of
the possible severe and prolonged effects on the popula-
tions (Buckner 1957).

Methods such as live trapping on a checkerboard
line (Manville 1950) and short term but intensive remo-
val of animals from a given area and the estimation of
their number bv means of the regression method (Hayne
1949) proved to be accurate methods for estimating vole
populations. The observation of the marked animals by

means of recaptures and the calculation of the number
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known to be alive bv means of the calendar of catches
(Evans 1942) sevwved to determine Apodemus and Clethri-
onomys numbers. Prebaiting followed by intensive remo-
val (Grodzinski et al 1966) was used as a good estima-
tor of rodent numbers. Population estimations based on
the change of composition caused by a selective remo-

val (Chapman 1955), the study area surrounded with sheets
of corrugated iron (Dieterlen 1967), and the digging out
of the burrows (Smith 1968) served as accurate means of
measuring mice and vole numbers. The reproduction, breed-
ing season and intensity of breeding were indirectly mea-
sured by Krebs (1966) using live trapping technigues on
voles. The same method permitted Andrzejewski (1962) and
Andrzejewski and Wierzbowska (1961) to determine move-
ments and dispersal of small rodents.

According to Chitty (1937), the proposed grid
of 15 X 15 meters for small marmmal trap positions is sa-
tisfactory; a larger grid would cause an excessive dilu-
tion of the trapping positions while a smaller one would
reduce the activity of animals. Pelikan (1968) thinks
that short-term estimates of density lasting at most for
the first 3 to 5 days of trapping, are best, although
more reliable data are obtained with longer trapping pe-
riods when determining the average home range.

Indirect methods of population assessments such

as the automatic photographic recorders (Spitz 1963, San=
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derson 1966), radiotransmitters (Godfrey 1954, Beal
1967) and radioactive tracers (Impens et al 1965)
showed to be good aids in determining movement pat-
terns of mice and voles, Dropping boards (Emlen et al
1957, Tester and Emlen 1960) revealed a greater sensi-
vity for certain species, notably shrews; the types

of board used were also subject to preferences for cer=-
tain species of mammals, especially shrews (Tester and
Emlen 1960). It should be noted that nesting boxes,
smoked paper and dyes are now widely used in population

density studies.,

b. Feeding habits

There are several techniques for determining
the natural food of small mammals. The most commonly u=
sed are: the analysis of stomach contents (Krefting and
Roe 1949, Golley 1967, Drozdz 1967, Holisova 1967), the
analysis of feces (Krefting and Roe 1949), food prefe-
rence experiments (Hatfield 1940, Buckner 1964), and de-
termination of the natural feeding grounds and supplies
(Myrcha 1965).

The food intake of small mammals is often de-
termined by stomach content analvsis. It is usually ne-
cessary to know the relationship existing between the

weight of the stomach contents after a single feeding,
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and its weight after a dailv intake (Gollev 1967). Storr
(1963) and Schmid (1965) used this technique to study the
feeding habits of wild mourning doves and wallabies. Buck-
ner (1964) used it to determine the importance of larch
sawfly eonymphs in the diet of four shrew species of Manito-
ba. Drozdz (1966) determined the percentage of greens

(40%) and seeds (40%) in the diet of bank voles (Clethric-

nomys glareolus Schreber) and the percentage of seeds

(74%) and invertebrates (15%) of field mice (Apodemus fla-

vicollis Melch) in a beech forest. Similar experiments re-
vealed the economic values of mice (Helisova 1960) by show-
ing their role in the destruction of harmful insects.

The analysis of feces is not often used because
of the inaccuracy in determining the previous food intake.
Krefting and Roe (1949) used it to find the role of birds
and mammals in seed germination., 2Adams (1957) determined
the food intake of large mammals. Food preference experi-
ments are useful because they give a more reliable numerical
response when different food items are tested, and because
they offer a good way to estimate the frequency and duration
of the activity periods of animals (Buckner 1964),

In preference experiments, Holling (1955) found
that masked shrews could onen more healthy pine sawfly co-
coons than parasitized ones; it is also of some importance
to know that the selection occurred in the digging, removing,

opening and eating phases of the search for cocoons. Similar
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trends were observed bv RBuckner (1958) for the larch saw-
fly., It was found later that shrews and mice used only ol-
factory stimuli in the digging, removing and orening pha-
ses of the sawfly cocoon predation (Folling 1958).

¥hile studyving mammalian predation on larch saw-
fly in Manitoba, Buckner (1958) found that 12 species of
small mammals fed upon cocoons: the stomach remains contai-
ned from 37 to 98 percent of sawfly material. Shrews destroy-
ed more cocoons than any other group of animals, although
thev were outnumbered bv them., The five techniques used to
determine the predation bv small mammals are described in
Buckner (1959), When available, larch sawfly material made
up to 70 percent of the diet of shrew species (Buckner 19614),
Reside the mammalian predation uvon sawfly cocoons, it was
later found that 48 species of birds vpreved upon larch saw-
fly life stages (Buckner and Turnock 1965); birds nreferred
adults when they were available but large and small larvae
were also readily ingested,

Feeding habits of shrews were studied in compari-
son to their body weight and from season to season; Wolk

(1969) showed that youna common shrews (Sorex araneus L.)

ingested from 50.7 to 62.1 percent of their body weioght late
in the season, while old ones ate from UUL,6 to 76¢.9 mercent.
He showed also that the dailv food intake of overwintering
shrews was 2.7 percent higher than the summer cone.
Invertebrate contents found in shrew stomachs are

usually of the following orders: Coleontera, Lepidoptera,
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Diptera, Hymenoptera, Hemiptera and Aranae (Hamilton 1930,
Rudge 1968, Williams 1955, Whitaker and Ferraro 1962};
snails and slugs can also form part of their diet (Ingram
1942).,

Wagg (1963) observed that redback voles and deer

mice (Peromyscus maniculatus) could eat as much as 1000

seeds of lodgepole vpine and 2000 seeds of white spruce in
a season; he also found that the seeds of lodgepole pines
were preferred over those of white spruce. Voles and mice
were shown to exibit a distaste for balsam fir seeds (Ab-
bott 1962), while they had a preference for red pine and
white pine seeds over white spruce. These results contrast
with those found by Abbott and Hart (1960) where voles and
mice preferred spruce seeds and evidently ate balsam fir
seeds when the former food item was not available. Wood mi-

ce (Avodenus svlvaticus) were found to be mainly seed eaters

(Watts 1968) although thev did ingest arthropods; bank vo-
les also showed the same pattern. At mid-summer, when greens
were available, bank voles mainly utilized 6 species of plant
found later to be the most palatable ones (Fleharty and 0l-
son 1969), When grassy plant material was not available, vo-
les were found to eat insect remains (Hamilton and Hamilton
1954) and mushrooms (Williams and Finney 1964). Since voles
and mice are mainly grass-eaters, Chitty (Chitty et al 1968)
determined that a 2 foot square area per day for forage was

the nminimum space requirement of overwintering voles.
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c. Metabolism and metabolic requirements

The metabolism of terrestrial vertebrates can
be measured directly or extrapolated from laboratory expe-
riments (Golley 1967). Direct methods such as the Dy0qg
technique (Lifson et al 1955), the used of radioactive iso-
topes (Odum and Golley 1963), and telemetry already showed
their usefulness. The indirect methods used by Brody (1945)
and Swift and French (1954) are now well known and parti-
cularly useful in long term studies. The metabolism of
small mammals is often determined by measuring the oxyvgen
consumption (Morrison 1947), carbon dioxide production
(Brody 1945) and urinarv-nitrogen excretion (Hawk et al
1949) .

It is known that the oxygen consumption can be
based on body weight (kg), metabolic size (kg2/3 and kg3/”),
and surface area (m?) (Chiu and Hsieh 1960). But it appears
that the most useful equation was established by Brody
(1945) , where the relationship existing bhetween metabolism

and body weight is expressed by the formula Y = a Wb;

where Y = BMR
W = body weight in kg
a = specific metabolism = 70,5
and b = a power of transformation = 0.73

On the basis of such information, Buckner (1964) calculated
the daily metabolic reguirements of four species of shrews

(S.cinereus, S.arcticus, M.hovi and B.brevicauda) to be 6.1,

6.9, 6.7 and 9.7 Kcal respectively. To satisfy such requi-

rements, it was found that they would have to ingest 87,
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99, 95 and 138 sawfly eonymphs respectively, but might ac-
tually kill many more. There were no differences between
the sexes (Buckner 1964, Nelson and Asling 1962). Similar
results had been calculated by Pearson (1947) by assuming
a RO (respiratory quotient) of 0.80., The energy regquirements
of short-tail shrews were found to be a little lower than
previously reported (Martinsen 1969), probably as a result
of keeping them on a restricted diet., The metabolism of
shrews can also change from season to season as shown by
Gebczynski (1965); he found that ADMR (average daily meta-
bolic reguirement) was 8.8 Kcal in summer, 8.5 in autumn
and 7.5 in winter,

It is easy to understand that most studies were
conducted on rodents and mice since they are easier to keep
in the laboratory. However, laboratory strains of wild popu-
lations showed metabolic differences from wild strains at
temperatures of 10 to 209C (Gorecki 1966). Measures of meta-
bolic rates should be put on a RMR (resting metabolic rate)
or a ADMR basis, although the latter form is more convenient
for computing daily eneragy budgets (Grodzinski 1962). Oxygen
uptake was found to be independent of the oxygen supply down
to about 80 mm Hg during rest at 279C, to about 115 rm Hg
at 59C (Segrem and Hart 1967). The RMR of European cormon
voles (Microtus arvalis (Pall.)) was found to vary in a
straight-line fashion between 5 and 30°C (Trojan and Wojcie-
chowska 1967);: at temperatures between 5 and 10°C, the RMR

of females was higher than that of males. The oxygen consump-
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tion is known to increase with a decrease of ambient tempe-
rature, as shown by Dawson (13955), McHNab and Morrison
(1963), and Murie (1961). Fat deposits do not influence the
metabolism of animals provided they stay within standard
limits of 20 percent of the total body weight (McNab 1968).
The DEB (daily energv budget) of bank voles was
estimated at 10.2 Kcal during winter and 10.6 Kcal during
summer; 13.5 and 12.6 Kcal for European comrmon voles; 11.2
and 12.3 Kcal for field mice (Grodzinski 1966). Metabolism
and hemoglobin cqntents of voles were positively correlated
except in winter, when high oxygen consumption was observed
with the lowest blood hemoglobin content (Shevchenko 1968).

Harvest mice (Reithrodontomys fulvescens) showed a reverse

energy expenditure pattern; in summer they consumed 5.6
Kcal per day and in winter 8.8 Kcal per day (Gaertner 1968),
an 80 percent increase in energy requirement.

Pregnancy and lactation are periods of intense e-
nergetic requirements for Eurcpean common voles; pregnant
females reached a consumption of 18.8 Kcal per day and lac-
tating ones 21.0 Kcal per day (Trojan and Wojcieschowska
1967); this represented increases of 23 and 37 percent ener-
gv expenditure compared to non-reproducing females. Kaczmars-
ki (1966) estimated these two functions to require 32 and
122 percent more energy; he also showed that a litter of &
would require a total of 364 Kcal from the mother. Migula

(1969) found that the production and nursing of one voung
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vole regquired 75.9 Kcal,

Besides reproduction, the DEB model is composed
of nest life and search for food (Trojan and Wojciechowska
196%). It was found that mice could spend 2.3 Kcal per day
in voluntary activity under different temperatures (10-20-
30°C), which made up 12, 16 and 27 percent of their total
daily expenditure., The working oxygen consumption of Euro-
pean common voles was 6.5 times the resting value while
that of the bank voles was 7 times the resting value (Jans-
ky 1959). The act of swimming in white rats was found to
consume 2 or 3 times the basic values (Lustinec 1958)., Si-
milar results were obtained for bank voles (2.0-2.1) and
field mice (1.6) (Grodzinski and Gorecki 1967).

The influence of nest life on the metabolism of
animals was indirectly estimated. Darkness was found to de-
crease by 27 percent the oxygen consumption of FEuropean com=
mon voles (Trojan and Wojciechowska 1968). The effect of
huddling with 6 animals or more was also found to decrease
the basic requirements of voles by 36 percent (Trojan and
Wojciechowska 1968). Using 4 animals at a time, Crodzinski
and Gorecki (1967) lowered the regquirements of bank voles

by 13 percent.

C, Interactions between small mammals and insects

We usually understand by population dynamics stu-

dies those which determine changes in qualities and quanti-



ties of populations of living things (Waters 1967). Se-
veral methods can be used to study the dynarics of popu=
lations among which the life table approach is probhably
the most wicdely known. In developing life tables of na-
tural populations of insects, special considerations are
usually given to sampling techniques (Harcourt 1969). The
sampling methods used must consider the following basic
conditions: selection of sampling unit, timing of samples,
multiple habitats, border effects and the simultaneous
sampling of two or more species. Cther considerations,
such as the destruction of a population by sampling and
the identification of mortality factors, contribute to
the difficulty of sampling scarce insects (Knight 1967).
Since discrepancies are bound to occur between sampling
techniques, it has been suggested that several methods
should be used to estimate a given population parameter
(Hanson and Hovanitz 1968). Furthermore, in building up
population models, students of populations should, as sug-
gested by Levins (1966), sacrifice precision to realism
and generality (Mac Arthur's approach) instead of sacrifi-
cing generalitv to realism and precision (Holling's and
Watt's approaches). Because of its realism and generalitv,
it is not surprising to see the population dynamics data
often analysed in a life table fashion.

The life table studies of gypsv moth populations
suggested the larval and pupal stages to be the most impor-
tant factors in their population fluctuations (Campbell

1967) . This constituted the greatest source of variation in



density among dense populations and this is where verte-
brate predators do show their main impact. Small mammals
and birds are usually important predators when populations
are low because of their impact on residual populations
{Embree 1965), It has been determined that small mammals
can locally destroy between 14 and 90 vercent of a given
insect population (Buckner 1964, Embree 1965, McLeod 1966),
where predation followed the accessibility of the food.
Buckner (1964) showed, for example, that a masked shrew
could destroy 833 sawfly cocoons per day while the basic
requirements of such animals would not pass 87; this was
also the case for three other shrew snecies of Manitoba
bogs.

Small mammals can have a very important influ-
ence on the dynamics of populations bv feeding mainly on
a given sex, Holling (1958) showed that wild shrews and
nmice opened more female than male sawfly cocoons; he found
that masked shrews, short-tail shrews and deer mice open-
ed respectively 4, 11, and 7 percent more female cocoons.
McLeod (1966) suggested that small mammals might consume
the smaller male cocoons where found while they would trans-
port the larger female ones for greater distances.

Some authors reported a numerical response of
predators to populations of forest insects but such respon-
ses are still rarely mentioned in the literature. Holling

(1965) showed that certain shrew and rodent species changed
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numerically following changes in European pine sawfly po-
pulations in plantations. These numerical responses of
predators to prey populations are usually of four types
(Varley and Gradwell 1970): directly density-dependent,
inversely density-dependent, delayed density-dependent and
density-independent.

It was shown that numbers of singing male birds
increased from #49.4 per 100 acres in 1965 to 94,3 per 100
acres in 1967 following a twofold increase in hudworm pre-
dation (from 1.8 to 3.5 percent, Gage et al 1970). Buckner
and Turnock (1965) found that nredators (resident birds)
of adult sawflies responded to changes in adult populations,
predators of larvae to changes in larval populations and
predators of both larvae and adults either to larval popu-
lations or to populations of both the larvae and adults,
Some birds (wood warblers and bay-breasted warblers) showed
a very rapid increase to high population levels of spruce
budworms (Morris et al 1958); masked and short-tail shrews
showed also a direct numerical change while deer mice and
redback voles registered inverse responses. However, Morris
(1963) reported that small mammals did not influence epide-

mic populations of spruce budworms (Choristoneura fumifera-

na (Clem.)) although they might have a certain role when
such populations reached their low. According to Buckner
(1967) , the predatory populations responded numerically in
two ways: through breeding, which formed a breeding numeri-

cal response, and through behavior, where population move-
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ments accounted for the increase in the numbers of preda-
tors., It was found in some instances that numerical respon-
ses of shrews were behavioral (Buckner 1969).

Density=-dependent relationships of predators
to prey densities were shown to form what is called a func-
tional response. Holling (1965) determined three general
types of curves that predators usually registered when
feeding on prey species. The first (I) and second (II) ty=-
pes of curve showed by invertebrates followed respectively
a linear and a curvilinear increase to a plateau., The third
(III) type, thought to be only a vertebrate fashion, repre-
sented a sigmoid or S-shaped curve which apparently held
true only for species possessing a certain learning capaci=-
tv.

The functional response of some invertebrate
predateors was found to be correlated to hunger and a whole
arravy of other physiological conditions (Holling 1966)
which of course determined the shape of the curve. Phyto=-
seiid predators showed a curvilinear rise to a plateau
(Sandness and McMurtry 1970) while parasitic wasps regist-
ered a sigmoid one (Takahashi 1968). Buckner and Turnock
(1965) found that responses cof resident birds were of the
three types mentioned earlier, althouch several species
responded to prey population by a sigmoid curve, Some small
mammal species showed a type III curve in their predation

upon sawflv cocoons (Holling 1965). He also proved that
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the outline of the curve staved the same even with the
effects of alternate foods which decreased sawfly consump-
tion in pronortion to the increased consumption of the
buffer food item.

One of the pnurneoses of studving a nredatorsprey
svstem is to he able to predict future nopulation levels,
Morris (1959) used the single-factor analvsis (kev-factor)
to improve the predictability of future generations of
budworms. He found that parasitism, as a kev-factor, im-
proved the predictability of future ponulations of hudworms
from 45 to 86 percent and from 38 to U6 percent for saw-
flies. Parasitism was also found to he a key factor acting
on sawflies in the Maratime provinces (Neilson and Morris
1964) , These workers showed that vnarasitism, as a kev-fac-
tor increased the predictabilitv of sawfly norulations by
12 percent (from 59 to 72 percent). They also attrikbuted a
kev role to the vertebrate nredators in the porulation dy-
namics of sawflies. Althouch Morris (in Morris (ed.) 1963)
showed that small mammals plaved an insignifiant role in
the dynamics of budworms, small birds were found to be one
of the major controlling factors of low bhudworm ropulations.
Fmbhree (1965) noted the importance nlaved by small mammal
predators, hut they were usually overshadowed by parasi-
tism effects. The impact of shrews acting as a key-factor

in the dvnamics of Jack Pine sawflies (Neodiprion swainei

Middleton) was stressed by McLeod (1966)., On the whole,

the studies show that the small mammal nredation uron epi-



demic forest insects does not play a key role in their

population regulation.
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Study areas and plot description

Small mammal and larch looper populations were
studied in the 7 permanent investigation plots of the Larch
Sawfly Team of Manitoba. The plots were situated as fol-

lows:

Rennie, 10 miles north of Rennie town

Telford, 7 miles east of Rennie town

Seddon's Corner, 3 miles east of Seddon's Corner
Pine Falls, 9 miles north of the power dam
Riverton, 23 miles north of Riverton

Darwin, 5 miles north of the fireguard road
Hodgson, 15 miles east of Hodgson

In addition to this, 11 new locations of tamarack
stands were chosen wherein trapping and 'pupae planting' ex-~
periments could be undertaken. They were situated as fol=-

lows:

A, Canadian National bog, 5 miles north of Rennie town

miles north of Rennie town

1/2 miles north of Rennie town

3/4 miles north of Rennie town

E, 1 mile east of the Forestry Field Station

F, 1 mile east of the Forestry Field Station, opposite
to E

G, 7 1/2 miles east of Rennie town

H, 3 1/2 miles east of Seddon's Corner

I, 1/2 mile north of Rennie town

J, tamarack bog beside the Forestryv Field Station

K, 192 miles north of Rennie town

(@]
=
NN RO

Their exact location is shown in Figure 3. A more complete
description of these plots in terms of tamarack trees and
molisture conditions of the forest floor is given in Table 1.
Buckner (1957 and 1959) described in more detail
the vegetation cover of two typical tamarack bogs (Rennie
and Telford plots). Tamarack stands are often mixed with

Black Spruce (Picea mariana (Mill.) BSP) or Swamp Birch (Be-




Figure 3. The location of sampling nlots.
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tule pumila L.) or Trembling Aspen (Populus tremuloides

Michx) depending on the site of the plot. The understory
comprises different combinations of the following herba-
cious plants and mosses: sphagnum and peat mosses, Labra-

dor tea (Ledum groenlandicum Oeder), nitcher plants (Sar-

racenia purpvura L.), grasses and sedges. Surface water

occupies also some of the substratum, especiallv in wet

plots such as Telford and Darwin,
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Material and methods

A, Sampling techniques for insects

a. Population dynamics

Technigques for the study of the larch sawfly

populations have also proved to be useful for measuring

Semiothisa populations. In the case of the larch sawfly

investigations, population °‘fixes' were made at three
points in their life cycle: ecyg, larvae and adult sta-
ges (Ives et al 1968), Ives (1967) used oil drop funnels
to measure populations and population parameters of the
larch sawfly, a technique which has proved useful in the

current study on Semiothisa. This technique consisted of

a funnel with a two square foot collecting area directed
downwards towards a trap filled with a mixture of oil,
alcohol and water which preserved the fallen larvae. The
role of the water in the trap is to keep a constant amount
of oil-alcohol mixture in it. There were 30 of these traps
in each investigation plot.

The 1968 populations of emerging adults were
estimated by emerging cages (Turnock 1957). One hundred
units were set out randomly in each plot. The cage con-
sists of an inverted funnel whose opening is directed to
a terminal plastic container possessing a small styrene

funnel. The emerging adults, attracted by the light co-
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ming through the hole in the 1lid, are travped and killed
instantly by a killing substance ('Vapona' cube).
The estimated ropulations of larch loopers used

for the life table analyges were calculated bv the follow-

ing formula: N1/N2 = ¥1/X2, where

M1 = the number of larch sawfly larvae found in oil
dror funnels,

M2 = the number of larch loover larvae found in oil
drop funnels,

X1 = the estimated population per acre of a given
larch sawfly stage,

X2 = the unknown parameter.

The formula was applied assuming similar mortality rates
for both insects.

Field data concerning larch looner and larch
sawfly populations are shown in Tables 9, 10, 11 and 12 of

the Appendices.

b. The caloric values of larch looper life stages

The caloric values of larch looper life stages
were determined the same way as those of other bog Lepidop-
tera (Bergeron and Buckner 1970). The adult, larval and nu-
pal stages were collected in or near the permanent sampling
nlots of the lLarch Sawfly Team of Manitoba. Adult porula-
tions were collected from emergence cages (see ‘'Samnling
techniques of insects', for more details). The larval col-
lections came from the larvae sampling traps commonlv named
0il dron funnels (Ives 1967). The larvae were identified hy
J.C.T., Melvin, a senior technician of the Forest Insect

and Disease Survey, Winnipeg; thev were later classified by
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instars following McGuffin's description (McGuffin 1947).
Pupae were obtained by beating the trees to collect the
falling larvae on a canvas sheet spfead underneath, and
rearing these larvae to the pupal stage on tamarack fo=
liage.

The specimens were dried for a week at 100°C
and weighed. They were burnt afterwards in an Automatic
Adiabatic Bomb Calorimeter, and their caloric values de-
termined. The caloric measurements were applied in terms
of "potential biomass' and potential intake for small mam=

mals of the Manitoba bogs (Bergeron and Buckner 1970).
B. Sampling techniques of small mammals
a. Trapping techniques

The small mammal populations were estimated
from the 'capture-recapture' and snap=back trapping methods.
The former technique consisted of setting out, on a 8 ¥ 8
grid, 64 trapping stations having 2 traps each. Each set
of traps was put at a chain interval (66 feet). The Sher-
man live traps were baited with peanut butter which had
proven previously to be very effective (Buckner 1957); so-
me nesting material was also included. The pitfall traps,
as described bv Buckner (1955) were baited with mealworms

and visited several times durinc the day. The animals were
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handled by releasing them into a plastic bag through which
species and age were readily determined. They were then
marked by toe=clipping and released.

At low population levels, complete recapture
was usually possible, but at higher densities the popula-

tion was estimated using the Lincoln Index. The formula

consists of the following equation: P = a n/r, where
P = the total estimate
a = the number previously marked
n = the newest sample caught
r = the marked animals caught in this sample

The conditions for the validity of the equation were dis-
cussed earlier in the text. Buckner (1957) suggested the
use of the final determination (sample) for more accuracy
since the confidence interval decreased on successive de-
terminations.

In addition, 11 nlots were trapped using stan-
dard trap lines of 50 snan=back traps; each plot was trap-
ped for 3 to 5 consecutive nights. The method involved
setting 5 traps per horizontal section of 15 feet, each
being 40 feet apart. The area thus trapped amounted approx=-
imately to 1/10 of an acre. The results were put in an
Index format and used in correlation to stomach contents
and for determinations of the small mammalian predation

upon larch looper pupae.

b, Food preference tests

Because of the scarcity of larch looper material



at the time of study, indirect methods were used to as-
sess the preference for larch looper and larch sawfly
overwintering stages.

Eight olfactometers based on Holling's appa-
ratus (Holling 1955) and modified by Buckner (1964) were
placed in wooden cages. Alir streams passed over pupae and
cocoons; the number of visits to each air stream was res=
corded by means of microswitch treadles (Ray D.G.H. 1969,
unpublished manuscript) connected to a 20 pen Esterline
Angus Recorder. The general outline of the apparatus is
given in TFigure 4.

Experiments were conducted with shrews and vo-
les. The former ¢group was tested as soon as they were
caught because of the difficulty of keeping them alive
under artificial conditions. Voles, at times, were kept
away from pupae and cocoon odors as much as two weeks
before the experiment. A three-day acclimatization pe-
riod was allowed before weighing and sexing the voles;
the experiments lasted for another three-day period.
Shrews were analysed under near natural conditions of the
summer months (1970 and 1971) and were given food and wa-
ter supplies ad libidum. The redback voles were analvsed
under constant temperature of a cold rcom adjusted to Lo°F,

The choices given to the voles were composed
as follows:

1. One healthy larch looper pupae vs one healthy larch
sawfly cocoon

2. One healthy larch looper pupae vs one parasitized
larch sawfly cocoon



Figure 4, Outline of the food preference test apparatus.



MOT4 Yiv

/

d00G0 NOODJO0D
ONIAYYYD MOTTd HIV

¥NOA0 Vdnd
ONIANYYD MO HIV

IYINIL ONILS3 8 MILVM ‘0004° \




39

3., One healthy larch looper pupae vs 10 healthy larch
sawfly cocoons

4, Ten healthy larch looper pupae vs one healthy larch
sawfly cocoon,

Shrews were analysed using the first series of experiments,

c., Metabolic requirements of small mammals

The metabolism of redback voles was determined
by their oxygen consumption. The apparatus was a modifica-
tion of the closed-system automatic respirometer used by
Buckner (1964). The metabolic cages consisted of battery
jars containing a screen mesh floor partly covered under-
neath by a sheet of polyethelene plastic in oxder to pro-
tect the urinary excretions and soda lime pellets from fe-
cal contamination and permit the latter ones to absorb wa-=
ter and carbon dioxide., The apparatus had also feeding
trays and water bottles kept to the side of the jars by
suction cups (Figure 5). Food* and water were given ad li-
bidum at all times. Some nesting materials were also in-
cluded in the system.

The oxygen consumption was recorded automatical-
ly by a manometer-type~respirometer (Ray DB.G.H., 1969, un-
published manuscript) connected to an Esterline Angus Re-
corder; readings were corrected for each 24=hour period
bv the introduction of a thermobarometer in the water bath.

The manometers were calibrated after each experiment to mi-

o e o T D (0 e e 30 WD AT IR G (U GED G GID S0 G G OO R KR AT 6 G 0 DO D D G N G0 G W SR G G G KR G GE0 0 D 0 G G v D K o £33 O 660 W B e G

* The pig starter pellets used were composed of: 12.7% free
water, 18.1% crude protein, 40.0% crude fat, 3.0% salt,



Figure 5. Typiecal metabolism cage used to determine the

metabolic requirements of redback voles.
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nimize the possible effect of the room termperature on the
water,

The redback voles were cantured partly in auxil-
lary trap-lines of a permanent samrling plot of the Verte-
brate FEcology Team, and partly from another rlot near the
Nuclear Pesearch Center of Pinawa, Manitoba. The newly cap-
tured voles were brought to the lahoratorv and acclimatized
to their new environment for a minimum of a month. Thev we=-
re then placed under experimental conditions for a one-day
reriod and finally tested for another 28 hours. The meta-
bolic cages were immersed in a water bath kent at a cong-
tant temperature for the preriod of the experiment. The tem—
peratures ranged from 53 to 73° F (11.6 to 22.8°C). The
caloric utilization in the metabolic nrocess was calcula-

ted after Prody's technicue (Brody 1945),

C. Sampling techniques to find small mammal and insect re-
lationships

a. Stomach analyses

Mice, voles and shrews were trapred in 12 tama-
rack plots of the Whiteshell region (A to X and Seddon's
Corner vlot). The trapping period lasted from 3 to 5 conse-
cutive days using standard lines as described earlier., The
0.85% calcium, 0.65% phosphorus, 0.008%7 zinc, traces of ni-
trate, 4000 IU/1b of Vitamin 2, 600 IU/lb of Vitamin D;: the

caloric value of the food was estimated by the author at
4,87 kcal/g of dry weicht,
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plots were snap-back travped in July, August, Sentember
and October of 1270 and Februarv, March, Aoril, May, Sep-
tember and October of 1271,

The newly caught svecimens were frozen. Thev
rere later cut along a mid-ventral line to remove the sto-
mach. The volume of contents was then measured with the
use of a graduated test tube., Stomach contents were wash-
ed afterwards in moderately hot water to remove fat and
gastric juice (Williams 1959). The contents were then
placed in a petri dish, the bottom of which had heen scrib-
ed into 500 equal portions using a needle and a ruler. The
contents were examined under a binocular microscope (U00X
and compared with control slides which had heen nrevared
before. These control slides were prenared after allowing
the small mammals to feed freelv on larch looper and larch
sawflv cocooned staces. These animals were killed after
the period of free-feeding, and their stomach contents ex-—

amined and mnounted for reference purnoses.

b, Pupae planting technigue

Among the 5 technigques used by Buckner (1959) to
determine the sawfly cocoon predation bv small mammals, the
cocoon planting technique nroved to be verv useful. The
technicque consisted of tving a single pura with nyvlon
thread to three-inch tree tags fcllowed by burving in ta-

marack bogs to a denth of approximatelyvy 2 inches. Punae



were planted in 12 plots using the following density pat-
tern: 6 plots planted with 25 pupae, 5 with 56, 2 with
75, 1 with 100, 1 with 125, 1 with 150, and 1 with 175 pu-
pae. The pupae were left in the plots for the predation
period and then brought back to the laboratory for further
analysis. The pupae were left in the bogs for a 9-month
period in 1970 (from August to May) and for a 3-month pe-
riod in 1971 (from August to November)., To cdetermine the
fate of a civen pupae, different categories were used:

- preyed at the tag location

- hoarded (not found at the planting site)

- not preyed because of parasitism

- not preyved because of disease

- already emerged at the time of recoverv.
This pupae planting gave a picture of the total mortality
experienced by the larch looper pupal stage.

To determine the mortality caused by other pre-
dacious species on larch looper populations, one 'small-
mamnral-free-cage' was set out in each plot. The cage was
triangular in shape and contained 20 larch looper pupae
buried in the moss. Quarter-inch mesh screen was used to
isolate these pupae from mammalian predation although beet-
les and other predatory insects could act freely. These ca-
ges were left in the bogs the same length of time as that
of the pupae exposed to predation, and were analysed the
same, By subtracting this partial mortality caused by other
predatory species, from the total mortality, a direct es-

timate of the mammalian predation was assessed.

The small mammal populations were determined u-
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sing standard trap-lines of 50 traps as described earlier.

They were usually trapped in early fall.
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Results and discussion

A. The population ecology of the Semiothisa complex

a. Population dynamics

1. Life table analysis

The life table data were analysed only for the
most numerous species, the green larch loopers, S.sexmacu-
lata. However, further data on hand suggest that the 2 o-
ther species follow the same pattern. Table 2 of the Appen-
dices shows the 2 methods used to convert the data as sug-
gested by Harcourt (1969). The first one, the fractional

survivals (survival rates = S of the age intervals is

5)
given by the following formula:
generation survival = Sq = 54 ¥ 5, X 83 ... OF

log Sq = log 81 + log 82 + log S5 ...

The second conversion proposed by Varley and Gradwell (1960)
makes use of the k-values which are measured bv the diffe-
rence existing between the successive values of log lx with-
in a generation. The method gives a measure of the killing
power of a mortality factor cor mortality factors affecting
the stage. The total mortality K is usuallyv calculated by

adding the individual values k4, k,,

k3 etc... resulting
from the partial mortality of different stages,

The k~values for the pupal stage are very high
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and tend to be larger than those affecting the other sta-
ges. As suggested by Varley and Cradwell (1970), the den-
sity-dependent mortality could be established by the for-

mula

il

4 a + b log(M)

where k is the interval mortality, b the slope of the re-
gression, a the intercept and N the number per unit area.
Such relationships were compiled and tabulated in Table 2.
The table indicates strong density-dependent mortality in

3 of the 6 investigation plots. It is thought also that
similar relationships do indeed exist in the other plots,
although not shown. This is suggested by the fact that
most published data on densitv-dependent mortalities have
values for the slope greater than 0.2 but less than 1.0
(Varley and Gradwell 1970), On the basis of this criterion,
it appears that Rennie plot would be the only one not to
show the density-dependent mortality. Soﬁe authors believe,
however, that in such cases the density-dependent effects
of each stage interval could be additive and could combi-

ne to give a very important total effect.
2, Intrageneric relationships

The last section suggested that the green larch
looper populations cculd be regulated by density-dependent
factors. The intrageneric competition which could be re-

flected by the numbers of larvae collected from the inves-
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tigation plots offers a first attempt to evplain the larch
looper mortality.

The numbers of fallen larvae from tamarack trees
probably offer the best population analysis since they show
only the true recoveries of a given population and not the
estimation of the population level from statistical analy-
sis. The collected larvae from 7 permanent sampling plots
are plotted for 8 consecutive years in Figure 1 of the Ap-
pendices. Peaks and dips of the three studied species tend
to coincide. This is especiallv true in Rennie plot where
the species followed the same pattern of fluctuation, Pi-~
ne Falls and Darwin plots illustrate the same trends. Ta-
ble 3 of the Appendices shows some of the relationships
existing between the species when their numbers are analy-
sed into a density-dependent pattern. In Darwin plot, a
positive correlation exists between S.signaria numbers of
the present generation and those of the following one (n+1
vear basis). Similar positive correlations exist between

S.siqnaria and S.oweni numbers and between S.sexmaculata

and S.oweni larvae of some plots. The less numerous spe-
cies tend to be highly correlated with the numbers of the 2
most numerous ones. In certain plots, these relationships

could act as reflections of what is happening in the later
stages of the insects. This might be shown by the analysis

of the pupae populations. Such relationships are listed in

Table U4 of the Appendices and appear to show better the ex-
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isting interrelations among the 3 species. When analysed
on a (n+1) vear basis, the relationships, although not
statistically significant, tend to be related into negati-
ve patterns. The trends are particularly strong among S.0-
weni numbers, where 5 of the 6 plots showed such relation-
ships; the sixth plot indicated a positive correlation to

exist between §.sexmaculata and S.oweni pupae populations,

S.sexmaculata and S.signaria pupae populations

)
oy

are positively related in 3 plots. The S.sexmaculata pupae

ez

show also a positive correlation with those of S.oweni of
Pine Falls plot, while the opposite holds true in Riverton.
This negative relationship is interesting hecause it shows
clearly the impact of one species' numbers on the other.

In this particuvlar case, we see that the negative correla-
tion existing between the two species, when analysed on a
yearly basis, turns out to a positive one when analysed on
a (n+1) vear basis. This relationship tends to indicate

that low numbers of S.sexmaculata pupae would permit the

other species to reach higher populations, and vice-versa,
This observation would explain why the 2 species show posi-
tive and negative correlations depending on the type of a-
nalysis. The same table shows also a significant density-
dependent relationship within S.signaria numbers. Such a re-
lationship already existed in the density-~dependent analysis
of larvae populations.

Cn the whole, the relationships apparently tend
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to show up better among the pupae populations and tend to
be related into density-dependent patterns. This was alrea-
dy confirmed in the previous section using k-values (mor-
tality) for one of the species of larch loopers. The lat-
ter analysis showed that such relationships do exist with-
in the other two species and also among the three species

taken together.

3. Interspecific relationships

Previous sections showed that larch looper po-
pulations tended to fluctuate with those of the previous
generations. These density-dependent relationships could
be due to a whole array of factors that could influence
the numbers of nupae of every svecies. Since sawflies and
small mammal populations represent 2 of the most numerous
groups of animals that inhabit bogs with the larch loopers,
these populations should be analysed in regard to larch
looper fluctuations. Field and laboratorv analyses will
show the potential and actual predation done by small nam=-
mal numbers, without showing, however, the long term influ-
ences caused by these species. Such relationships will he
examined with the key-factor analvsis and Holling's nume-

rical and functional responses,

i, Sawfly populations

Relationships between the larch looper and larch
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sawfly populations are shown in Figure 1 and Table 5 of
the 2ppendices. As before, the larvae collections were
chosen as the first step of analysis. Five plots indica-
te positive relationshins to exist between larch looper
and larch sawfly numbers. However, Darwin plot shows the
numbers of S.signaria to be inversely related to larch
sawfly numbers. The less numerous species of larch loo-
pers (S.oweni) seems to be particularly related to saw-

fly numbers, while the most abundant one (S.sexmaculata)

shows less. The influence of sawfly numbers is further
stressed when populations of larch looners are analysed
at one-vear intervals. According to such an analyvsis,

the 3 species of larch loopers show positive correlations
with sawfly numbers of 3 plots, while S.signaria popula-
tions are inversely related to them in Seddon's Corner
plot. This indicates that sawfly numbers do indeed influ-
ence the vearly populations of larch loopers, though not
always in a positive wav.

2 second way to analyse these relationships is
to plot the populations of larch looper pupae and sawfly
cocoons. The resulting coefficients of correlation are
listed in Table 6 of the Appendices. Generallv speaking,
they do not indicate stronger relationships than those
showed by the previous analysis of larvae populations. On-
lv Rennie plot indicates inverse relationships. The pre-

sence of sawfly cocoons seems to influence negatively the
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numbers of future generations of larch looper vupae, in-
dicating then a kind of interspecific strife between the
2 populations that the previous analysis did not reveal
(significantly). These inverse relationships might be due
to specific mortality factors affecting one species more
than the other, once a certain population threshold is
attained,

To obtain a clearer picture of the interrelations
among these populations, it might be useful to plot the
mortality of pupae and cocoon stages for successive gene-
rations. We note in Figure 2 of the Appendices that larch
looper populations tend to be less stable than sawfly ones,
fluctuating widely in all the investigation plots. This is
especially true for E£.signaria and S.oweni populations,
whose numbers are very low in the bogs. The green larch
looper and sawfly populations tend to fluctuate less than
the last two species, probably because of their hicgher
numbers. In some plots, particularly in Rennie and Telford,
the number of dead individuals of the pupae and cocoon
stages seems to be inversely related. Such models fit well
in the theory of 'compensation factors' which are mainly
used where parasites and predators form a complex system.,
The same figure shows that when the sawfly mortality drops,
the mortality of green larch loopers rises, and vice-versas
sometimes, as in the Pine Falls plot, a species of third
importance, S.signaria, acts also like a compensating fac~

tor.
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This might be an indication that the larch
looper populations do indeed act as an auxillary source
of food in the Manitoba bogs and serve as buffer species
in the population dynamics of the larch sawfly.

Relationships existing between larch locver
and larch sawfly ground-inhabiting stages were also ana-
lysed by comparing the numbers of dead individuals of
each. Although not statistically significant, the cur-
ves show interresting trends (Figure 3 of the Appendi-
ces). Since the green larch loovers are by far the most
numerous species among the larch loopers, only their num-
bers were compared with larch sawfly populations., The

total number of Semiothisa pupae were also rlotted against

numbers of sawfly cocoons. In Rennie plot, the number of
dead green larch looper pupae is related to the number
of dead sawfly cocoons by the formula

Y = axP
wvhere Y represents the number of dead larch looper pupae
per acre, X the number of dead larch sawfly cocoons per a-
cre, a the intercept and b the slope. The green larch loo-
per numbers fitted the curve better than those of all Se-

miothisa, as the probability of the first fit proved to

be significant at the 98 percent level compared to 90

percent for the second. At Telford plot, the Semiothisa

numbers were related in the same pattern as shown above
( P>95% level), while the numbers of dead green larch

looper pupae were linked by a straight-line relationship
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to those of sawfly cocoons. 2lthough not significant, the
curves of the remaining plots approximate the best fit
which could explain the larch looper population fluctua-
tions. From what is shown, it is thought that larch loover
and larch sawfly populations are related by exponential
curves., This indicates then, that larch looper numbers can
have a certain impact in determining future larch sawfly
porulation levels. The first relationship mentioned above
is particularly interesting to study since it approaches
what would be expected in a simrle predator (small-mammal)-
prev (sawfly cocoon) system, having larch looper pupae as
an alternate food supply. Since such relationships exist

in at least 3 of the plots, it can be argued that these po-
pulations, the larch looper puvae and the larch sawfly co-
coons, are interacting as expected for a predator-prey-al-
ternate prey system, where small mammals would bhe respon=-

sible for the biggest part of the predation.

ii, Small mammal populations

The importance of small mammal populations in re=-
gard to the fluctuations of the larch sawfly is shown by
comparing Table 7 with Figure 4 of the Appendices. In vears
of high small mammal density, the resultant mortality of
sawfly cocoons increases to the 80 percent level, The table
particularly shows 2 generations of sawflv cocoons that suf-

fered such a heavy mortality. When such losses are compared
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to small mammal population levels, we note that redback
voles and masked shrews represent the 2 main species of
marmmals that were particularlv hich in those vears. The
assumption can be made that the same mammalian species
also affect the larch lcoper pupae numbers,

We have already shown, in the preceeding sec-
tion, that the total mortality of the ground-inhabiting
stages of the two main defoliators were not straight li-
nes but exponential in shape. These curves are very use-
ful in determining the percentage of larch loorer punpae
dving from mammalian interactions. Such percentacges are
termed ‘actual mortality' as compared to the 'total nor-
tality' used as such in the rrevious section.

Tahle 3 illustrates the relationships exist-
ing bhetween small mammal and larch looper populations.
The table shows some of the larch looper populations to
be inversely related to redback vole numbers in 3 plots,
while the numbers of S.oweni pupae per acre indicate a
direct relationship with masked shrew populations. Table
8 of the Appendices shows another way to analyse such
relationships, where small mammal propulations are plotted
against adult populations of the following vear(adults
of the fecllowing vear = nurber of pupae left after the o-
verwintering predation = pupae mortality). The redback
vole populations and the overwintering losses of the larch
looper pupae tend to be negatively related in all plots

but one. We note also that the other shrew and rodent spe-
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cies show direct relationships with larch looper adult
nurbers. The trend is particularly strong for the mask-
ed shrews where such relationships are found to be sig-
nificant in 4 of the 6 plots. Some of the small mammals
might compete with redback voles in such a way that both
shrew and insect populations increase in numbers when
redback voles are absent, and vice-versa. This concept
would explain the positive correlations existing between
shrews, rodents and larch looper adults and would explain
also the negative relationshins existing between redback
voles  and larch looper numbers,

A third way to analyse such relationships is
to correlate small mammal populations against the nurber
of cdead pupae or the percentage of dead prupae of the larch
looper species. As shown by Table 4, redback voles and
rmasked shrews tend to be directly related with the total
mortality of larch looper pupae. This is true for the re-
lationships existing between redback voles and 2 looper
species of Rennie plot, 1 of Seddon's Corner, 1 of River-
ton and 1 of Darwin. The masked shrew populations on their
part are related with 2 looper species of Telford, 1 of
Pine Falls and 2 of Darwin. On the whole, the larch looper
populations tend to be hicghly correlated with those of
small marmals. The ccmbined action of the 2 main species
of small mammals (redback voles and masked shrews) influ-
ences 2 larch looper species at Rennie plot, 2 at Telford,

1 at Seddon's Cormer, 1 at Riverton and 3 at Darwin.
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The positive relationshins existing hetween
the small mammal populations and the total mortality of
larch loorer adults, as shown by Table 8 of the Annen=-
dices, suggest a numerical response between the 2 groups.

However, the total mortality of Semiothisa as a group,

is probably composed of a series of mortality factors
among which would be included the mortalitv caused by
small marmal populations on the pural stage. Such a mor-
tality was estimated for the green larch loover species
and is viewed in comparison to the total mortality af-
fecting the puval stage (Figure 6). This partial mortali-
tv estimation was based on cocoon mortality of larch saw-
flies by small mammal populations (Table 7 of the Appen-
dicesy the XK and k values are given in Table 2 of the An=-
vendices). As shown by the figure, this partial mortali-
ty of larch looper pupae seems to he a vervy immortant fac-
tor in the pupal survival and in the vopulation dynamics
of the species., We note that the k-value (mortality) cau-
sed by small mammals seems to follow closely the X value
of the pupal stage, Similar trends were observed to oc-
cur also in the 2 other species of larch looper punae,

As suggested by Morris (1259), such vopulation
patterns can be seen better when successive generations
are plotted. The usual way to de so is to plot the rela-

tionship between log h,;q over log h_  of a given popula-

n

tion and treat the points as a scatter diagram. The re-
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Pigure 6. The importance of the mammalian predators of

the pupal stage (log k) of S.sexmaculata Pack.




LOG DENSITY

log pupae populations
- — —. log K or stage mortality
5 A S B === log K or mortality by mammal predation

1962 63 64 65 66 67 68 69 1962 63 64 65 66 67 68 69

1964 65 66 67 68 €9
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sulting r? value from the regression gives the nercenta-
ge of the variance in the logarithm of the individuals
in generation n+1 which is explained by the logarithm of
the numbers in generation n.

The populations of the green larch loopers

(S.sexmaculata) were treated this wayv in 6 plots of the

Larch Sawflv Team. We note that in Figure 7 the popula-
tion fluctuations tend to form irregular polygones opened
at one end, This is usually the characteristic of very
unstable populations and is also the indication of in-
complete population cycles. There are, however, indica-
tions that certain populations can indeed be predicted

in the prescribed manner. The green larch loopers of Ren=-
nie and Darwin plots show a predictability of 43 and U0
percent respectively. The two other secondary species
(Figqure 5 of the Appendices) show weaker indications of
such a tendency in Rennie and Riverton plots, where the
logarithmic numbers in generation n explains only 28 per-
cent of the variance of the logarithmic numbers in gene-
ration n+1,

Since a certain degree of predictability was
shown to exist among larch looper populations and since
the pupal stage had already been shown to be of a certain
value in the dynamics of larch looprers (Figure 6), a key=-
factor analysis using the whole generation survival was

designed to improve the predictability of future larch



Figure 7. S.sexmaculata populations in generation n+1

in relation to populations in generation n,

with both expressed as common logarithms.
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looper populations. This predictability was improved in
all plots but one when using the log of survival of the
generation of pupae (Table 2 of the Appendices). We note
that in 3 plots, the predictability increased by at least
twice the amount that could be given by using the log of
the present generation (log hn)° This improvement shows
also the importance of the pupal stage in the dynamics

of larch loopers.

The pupal stage, being a key stage in the de-
termination of future larch looper populations is proba-
bly attacked or controlled by a whole array of factors
among which small mammals are thought to he one. To show
this, a key-factor analysis using the logarithm of pupae
survival from small mammal vredation (log Sn) over the
logarithm of pupae in generation n+1 was calcukated. Ta-
ble 5 and Figure 8 show the results of such an analysis.
The overall pattern of the analysis indicates the non-
predictability of the pupal survival from small marmal
predation (log Sn) to explain future populations of larxch
loopers (log hp41). The small mammal predation does not
appear to be one of the controlling factors at such le-
vels of larch looper populations. As shown by Table 5,
the predictability of future populations (log hn+1)
better when using the logarithm of survival of pupae (log
S, where & = total survival). There are only 3 instances

where the survival of pupae from mammalian predation pro-
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Figure 8. Populations of larch loopers in generation n+1
in relation to survival in generation n, with

both expressed as common logarithms.
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ved to bhe better than that of log hn (h, = pupae of the
previous generation). The cases occurred in Seddon's Cor-
ner, Riverton and Darwin plots, where the rredictakbility
increased from 7.8 to 17.0 percent, 27.9 to 42,6 and 17.1
to 28.1 percent for some of the larch looper populations.
In all cases, the logarithm of survival (log S) proved

to be the best predicting factor.

The importance of small mammals to larch loo-
per fluctuations can be shown by the existence of a nu-
merical response between small mammal numbers and the
partial mortality of larch looper pupae. Earlier in this
section, it was shown that small mammal numbers did not
follow larch looper pupae populations although redback
voles and masked shrews indicated direct responses to the
total mortality of larch looper pupae of some plots, Ta-
ble 6 illustrates the numerical response of small mammals
to the actual numbers of dead larch loorer pupae (actual
mortality). It appears that small mammal numbers are di-
rectly related to numbers of dead larch looper pupae.
Telford plot is the only location where small marmals do
show a constant inverse response to puvae. Small mammals
show statistically significant direct responses only to
brown larch loopers of Rennie and Seddon's Corner and to
green larch loopers of Darwin. Figure 9 shows the fit of
the straight-line and logarithmic curves which explain

the response of small mammals. Although not all statisti-
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Figure 9. The numerical response of small mammals to the

actual numbers of dead larch looper pupae.
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cally significant, these relationships indicate a direct
response of small mammal numbers to those of dead larch
looper pupae.

We have analysed so far the numerical response
of small mammals to dead larch looper pupae., It would be
interesting to analyse individual mammalian species in
recard to the numbers of dead larch looper pupae. Table 7
and 8 give the results of such analyses. The general trend
is toward a direct numerical response of small mammal spe-
cies to dead pupae. It is particularly true for Rennie and
Darwin plots where rodent and shrew species showed direct
responses for the 2 important groups of larch loopers.
Short-tail shrews, arctic shrews and deer mice show a di-
rect response to dead pupae at Telford, while masked shrews
respond negatively. Numbers of redback voles and meadow
voles change directly with numbers of dead pupae at Sed-
don's Corner, while the opposite is true for short-tail
shrews of Pine Falls. It might be worthy to note also that
the green and brown larch looper groups are those which
had shown in the previous sections the effects of small
marmmals on their population fluctuations.

Tt appears that each mammalian species has its
own effects on a given larch looper population. On the ba-
sis of Table 8, we showed the patterns of the responses of
small mammals to changes in prey density (dead prey densi-
ty), treating the 2 variables as scatter diagrams. But it

could be of some importance to know other patterns of res-
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ponse for the mammalian species which would clarify the
cases where small mammals showed no response to dead pu-
pae, Such an analysis was done on shrew species and red-
back voles in relation to the most numerous looper spe-
cies, i.e. the green and brown larch loorers (£.sexmacu-
lata and S.signaria)l.

Masked shrews had already shown direct respon-
ses to green and brown larch looper pupae of Darwin plot
following a straight-line relationship (Table 7). A more
rigorous mathematical analysis suggests, however, that
their numbers are inversely related to creen larch loo-
pers and directly related to brown locopers. 2As indicated
by Table 9, numbers of dead larch loopers tend to follow
exponential curves rather than linear ones. CGreen larch
loovers are statistically related by logarithmic and li=-
near relationships to masked shrews of Telford and by a
linear one in Darwin; brown larch loovers showed a posi=-
tive logarithmic (log-log) relationshio to shrews of Tel-
ford, a negative one for Seddon's Corner, and a positive
linear curve for Darwin nlot,

The numerical response of arctic shrews to
larch looper pupae is illustrated in Table 10. The shrews
show a negative logarithmic-type of resnonse in Telford
and a positive linear relationship to dead green larch
looper pupae of Darwin, both being statistically signifi-
cant., The numerical resvonse of shrews to brown larch loo-

pers is positive in both Telford and Darwin plots and tend
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Table 9. The numerical response of masked shrews to the
numbers of dead larch looper pupae ( r values
represent the fitness of a given curve).

a. S.sexmaculata pupae (Y)

r value of fit

Investigation
plot Y=a+bX Y=a+b logX log¥=a+bX log¥=a+b logX
Rennie -0.306, . ~0.266,, -0.260, -0.248,
Telford -0.886 -0.957 ~0,846 -0,854
Seddon's Corner 0.177 0.018 -0,.360 -0,215
Pine Falls -0.306 -0,506 -0.112 =0,307
Darwin 0.954"7 0.754 0.814 0.514
b. S.signaria pupae (Y)
r value of fit
Investigation
plot Y=a+bX Y=a+b logX logY¥=a+bX log¥=a+b logX
Rennie 0.003 0.027 0.280,, 0.226
Telford 0.152 0,707, 0.950 0.973" "
Seddon's Corner =0,.150 -0,.760 ~-0.266 -0,301
Pine Falls 0,587, 0,540 0.330 0.202
Darwin 0.927° 0.760 0.509 0.348

level,
level.
level,

*% Probability s 99
* Probability® 95
#%% Probability ® 98

o e s |
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Table 10. The numerical response of arctic shrews to the
numbers of dead larch looper pupae ( ¥ values
represent the fitness of a given curve).

a. S.sexmaculata pupae (Y)

r value of fit

Investigation
plot Y=a+bX Y=a+b logX log¥=a+bX log¥=a+b logX
Rennie -0,131 0,080 0,171 -0,039
Telford =0.611 -0,666 «037932 =0,.754
Seddon's Corner 0.559 0.561 0.256 0.256
Pine Falls 0 « 0 0 0
Darwin 0.928 0.606 0.793 0.362

b. S.signaria pupae (Y)

r value of fit

Investigation
plot Y=a+bX Y=a+b logX log¥=a+bX logY¥=a+b logX
Rennie 0.252 0.457 0.372 0.367
Telford 0.7851 0.7883 0.631 0.737

Seddon's Corner 0.208 0.209 0.375 0.375
Pine Falls 0 xx 0 0 0
Darwin 0.973 0.735 0.737 0.508
* Probabilityy 95 % level.

*%% Probabilityy 98 % level.

1 Probability» 90 % level.
2 Probability» 94 % level,
3 Probability » 93 % level.
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to follow a linear relationship. There is no response of
shrews in Pine Falls because of their repeated absence

in this plot ever since 1963. There are indications of a
direct response of shrews to the 2 groups of larch loopers
of Seddon's Corner plot, although their response was not
statistically significant; shrews of the Rennie plot
showed no response at all,

Short-tail shrews show statistically signifi-
cant responses to dead larch looper pupae in almost all
the plots. The best curvilinear relationships between
shrews and loopers are listed in Table 11, 211 plots ex-
cept Darwin indicate an exponential-type of response for
short-tail shrews to numbers of dead green larch looper
puvae; this response is found to be negatively density-
dependent for three plots and positively dependent in
Telford plot. The brown larch loopers show a somewhat si=-
milar pattern where shrews of Telford and Pine Falls plots
show an inverse response to larch loopers. The shape of
the curve is once more a logarithmic one, although the
straicht line fit was also statistically significant.
Shrews of Rennie and Seddon's Corner nlots tend to indica-
te an inverse logarithmic-type of response, while shrews
of Darwin plot are positively related to brown larch loo-
Ders.

Unlike shrews, the numerical response of red-

back voles is positively related to green and brown larch
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Table 11. The numerical response of short-tail shrews to
the numbers of dead larch loover pupae ( r va=
lues represent the fitness of a given curve).

a. S.sexmaculata pupae (Y).

r value of fit

Investigation
rlot Y=a+bX Y=a+b logX log¥=a+bX logY¥=a+b logX
Rennie -0.698, =0.736. -0.821°*"  -0.803%
Telford 0.819%  0.822" 0.830% 0.8347F
Seddon's Corner =0,653 ~0,550 ~0.955%*  -0.7132
Pine Falls -0.690 ~0.407 ~0.846 -0.533
Darwin 0.660 0,550 0.465 0.348

b, S.signaria pupae (Y).

r value of fit

Investigation
plot Y=a+bX Y=a+b logX logY¥=a+bX logY¥=a+b logX
Rennie -095511 -0,5231 —0.5882 -0.4092
Telford -0.719 -0.736 -0.793 -0.797
Seddon's Corner -0.273, 0.046, ., -0.487, -0,098
Pine Falls -0,819 -0,842 -0,991 -0.690
Darwin 0.500 0.397 -0.010 =0.150
*% Probability » 99 % level.
* Probability % 95 % level.
*¥% Probability» 98 % level.
1 Probability» 9@ % level.
2 Probability» 94 % level.
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loovers (Tahle 12). Voles show a linear relationshiv tn

dead loorers of Pennie plot, although the locarithmic one

®

seems to fit hetter for hrown larch leoovrer nurae., They
show also a statistically significant negative logarith-

nic-tvre of resrvonse to brown larch loopers of Telford,

true in Seddon's Corner plot.

The overall numerical response of small mam-
mals to numbers of dead larch looper pupae can give a good
indication of the mammalian effects on looper populations
{(Table 13), In Darwin pnlot, both the masked and arctic
shrews show a significant direct response to dead larch
loovrer pupae. In Pine Falls, short-tail shrews are nega-
tively related to looper numbers, In the remaining plots,
the pattermns of fluctuations change so much from species
to species that no possible pattern can be drawn from the-
se relationships., In Telford plot, for example, among the
4 species of small mammals, both positive and negative re-
lationships occur; in Rennie and Seddon's Corner plots,
short~tail shrews and redback voles show also opposite res-
ponses, so that no clear picture can be drawn,

The last few tables suggest that something other
than small mammal predation influences larch looper numbers,
This is shown particularly well in Tables 8 and 13 where
some of the shrew species express inverse numerical respon-
ses to dead larch loorer pupae. Masked and short-tail shrews

Table 8) of Telford and Pine Falls plots indicate respecti-



79

Table 12. The numerical response of redback voles to the
nurnbers of dead larch looper pupae ( r values
represent the fitness of a given curve).

a. S.sexmaculata pupae (Y).

r value of fit

Investigation
rlot Y=a+bX Y=a+b logX log¥=a+bX log¥=a+b log¥X
*
Rennie 0,750 0.534 0.565 0.323
Telford -0.024 0.u07 0.213 0.608
Seddon'’s Corner =0.065 0.317 0.260 0.68L
Pine Falls 0.566 0.594 0.512 0.544
Darwin ' 0.362 0.592 0.630 0.810

b. S.signaria pupae (Y).

r value of fit

Investigation
plot Y=a+bX Y=a+b logX log¥=a+bX log¥=a+b logX
%%k %*
Rennie 0.908 0.772*** 0.461 0.354
Telford -0.623,, =-0.904 -0.110 -0.518
Seddon's Corner 0,871 0.682 0,557 0.702"
Pine Falls 0.092 0. 442 0.386 0.014
Darwin 0.251 0.485 0.u418 0,560

*% Probability » 99
* Probability » 95
*%% Probability » 98
1 Probability » 93

level.
level,
level.
level.

= s =S S
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vely inverse response to numbers of dead green and brown

larch looper pupae. As Table 8 shows, however, this seems
to be the exception rather thar a general rule, since on-
ly 3 cases of inverse response appeared on & total of 25

cases.

Since shrews and voles showed as a rule positi-
ve numerical responses to dead larch looper pupae, it
micht ke of some importance here to discuss the existence
of functional responses., This response is usually thought
to be the number of prev eaten by a predator which chan-
ges proportionately with the density of prey (availabili-
ty of prey) until the curve reaches a certain plateau.

2 functional response of small mammals was cal-
culated following an index of comrlexity as shown by Table
14, The complexity increases from left to right by the ad-
dition of new species of larch loopers, thus changing the
ratio of the number of prey eaten per predator and per den-
sity of prey; the complexity increases also from top to
bottom, where new species of mammals are entered in the
system,

Masked shrews of Rennie plot (Table 14a) show a
statistically significant functional response to larch loo-
per pupae; the response follows a straight line which could
represent the first part of Holling's exponential curve for
small mammals (Holling 1965)., The table shows also that the
fitness (shown by the r value) decreases as the complexity

increases, that is from left to right, The relationship ex-
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Table 14. The functional response of small mammals to
densities of larch looper pupae.

a. Rennie

No. pupae per acre
No. pupae eaten

per predator S.sexmaculata S.sexmaculata S.sexmaculata
S.signaria S.signaria
S.oweni
C.gapperi 0.406 0.320 0.308
S.cinereus 0,984 0.940*" 0.939""
C.gapperi 0.531 0.486 0.481

S.cinereus

C.gapperi 0.524 0.478 0.472
S,.cinereus
S.arcticus

C.gapperi 0.528 0,483 0.u477
S.cinereus

S.arcticus

B.brevicauda

C.gapperi 0.522 0.475 0.468
S.cinereus

S,arcticus

B.brevicauda

P,maniculatus

C.gapperi 0.500 0.446 0.438
S.cinereus

S.arcticus

B.brevicauda

P.maniculatus

M,pennsylvanicus

#% Probability »99 % level,
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b. Telford

No., pupae per acre

No. pupae eaten

per predator S.sexmaculata S.sexmaculata S.sexmaculata
S.signaria S.signaria
S.oweni
C.gapperi 0.915 0,901 0.875
*
S.cinereus 0.913 0.221 0.239
C.gapperi 0.910" 0.429 0.4L0

S.cinereus

C.gapperi 0.,911% 0,380 0.395
S, cilnereus
S.arcticus

C.gapperi 0.917" 0.441 0.455
S.cinereus

S.arcticus

B.brevicauda

C.gapperi 0.930% 0.553 0.564
S.cinereus

S.arcticus

B.brevicauda

P.maniculatus

C.gapperi 0.910% 0.446 0.804
S.cinereus

S.arcticus

B.brevicauda

P.maniculatus

M.pennsylvanicus

* Probability ® 95 % level.
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¢. Seddon'®s Corner

No. pupae per acre

No. pupae eaten

per predator S.sexmaculata S.sexmaculata S.sexmaculata
S.signaria S.signaria
S.oweni
, % %
C.gapperi 0.862 0.830 0.652
S.cinereus 0.432 0.317 0.313
C.gapperi 0,363 0.604 0.607

S.cinereus

C.gapperi 0.363 0.603 0.605
S.cinereus
S.arcticus

C.gapperi 0.363 0.602 0.608
S.cinereus

S,arcticus

B.brevicauda

C.gapperi 0.363 0,602 0.608
S.cinereus

S.arcticus

B.brevicauda

P,maniculatus

C.gapperi 0.329 0.603 0,609
S.cinereus

S.,arcticus

B.brevicauda

P.maniculatus

M,pennsylvanicus

* Probability » 95 7% level.



d. Pine Falls

No. pupae per acre

No. pupae eaten

per predator S.sexmaculata S.sexmaculata S.sexmaculata
S.signaria S.signaria
S.oweni
C.gapperi 0.649 0.630 0.646
S.cinereus 0.714 0.580 0.656
C.gapperi 0.7733 0.7291 0.761%
S.cinereus
. 53 1 2
C.gapperi 0.773 0.729 0.761
S.cinereus
S.arcticus
c i > 2 i
.gapperi 0.800 0.756 0.784
S.cinereus
S.arcticus
B.brevicauda
4
C.gapperi 0.794% 0.755% 0.785
S.cinereus
S.arcticus
B.brevicauda
P.maniculatus
C.gapperi 0.7944 0.7552 057854

S.cinereus
S.arcticus
B.brevicauda
P.maniculatus
M.pennsylvanicus

Probabilityy 93 % level,
Probability » 94 % level.

1 Probability » 90 % level,
2 Probabilityy 91 % level,
3 Probabilityy 92 % level.
[4 of

5
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isting in Telford plot is somewhat similar (Table 14b),
where shrews indicate also a direct response of a
straight line type. Only green larch looper populations
are so related to small mammal numbers. In Seddon's Cor-
ner plot (Table 1i4c¢), only redback vole populations
showed a significant functional response to green and
brown larch looper pupae; the relationship was once more
of a straight line type. Pine Falls plot (Table 143)
shows that the combined numbers of masked shrews and
redback voles are needed to register a significant res-
ponse to larch looper pupae, whereas the single popula-

tion of either species does not show any response,

b. Ecology and life history of larch looper rovulations
from field data

According to the number of larvae collected in
larval sampling traps (oil drop funnels), the bulk of fal-

ling larvae of S.sexmaculata, the green larch looper, oc-

curs in August and September (Table 15),., The table shows
a spread of recoveries of these larvae reginning in June
and extending until October, and possiblv November. This
tends to indicate a year=-round presence of their pupae in
the Manitoba bogs.

The second most numerous species of the larch
looper group, S.signaria, the brown larch looper, shows a

somewhat similar pattern; the collection of larvae occurred
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mainly in July and August, with the bulk of recoveries
in August (Table 16)., All plots supported the idea of an
earlier appearance in the bogs. These pupae then would
be present in the plots in early August and September,
following the emergence of adults.

The third and least numerous species of the
group, S.oweni, follows very closely the pattern showed
previously by the green larch loopers (Table 17). Three
of the plots, however, showed a late occurrence of lar=
vae: Rennie, Telford and Darwin plots. The remaining
plots registered also late Aucust and September occurren=
ces while Seddon's Corner plot recorded mainly July and
August recoveries., This indicates that this species occurs
a 1ittlé later in the season, compared to the former two.

A fourth species of larch looper, S.bicolora-
ta Fabr. , appeared only once in the plots. In 1963, a to=-
tal of 19 larvae were collected in Rennie (12) and Seddon’'s
Corner (6) plots in early and late August, and in Riverton

(1) plot in late July,
c. Caloric values of larch looper life stages

Special emphasis has been placed upon the ener-

gy values of Semiothisa spv., as it is one of the most nu-

merous group of insects in the bogs and is likely to play
an important role as a buffer for small vertebrate preda-

tors (Bergeron and Buckner 1970).
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The caloric values of the larch looper life
stages are recorded in Table 18. Larch looper pupae of-
fer a surprisingly high caloric value, if compared to
larch sawfly eonymphs. Buckner (1964) determined the ca-
loric value of one sawfly eonymph to be 0,074 kcal; the
caloric value of one gram of eonymph (or 15 individuals)
amounted to 1.2 kecal. In comparison, the looper pupae
vielded a caloric value of 0,056 kcal per pupae and 5,40
kcal per gram of pupal material (or 27 individuals). It
is unlikely that any stage kelow the third instar would
provide a major food source for srall forest vertebrates,
but the energy values of the later stages compare favora-
bly with those of the other groups. The hichest value per
individual is achieved in the pupal stage and the highest
per gram of dry weight in the third instar larvae.

The metabolic requirements of redback voles and
several shrew species in terms of larch looper pupae are
recorded in Table 19, Such parameters are usually determi~
ned by dividing the DEB value of small mnammals by the ca-
loric value of a given food item. This energy budget of red-
back voles was determined using their oxygen consumption,
carbon dioxide production and urinary-nitrogen content as
shown in the next section. The potential daily intake by
small mammals is often referred to as the ‘optimum poten=

tial predation'. These results represent of course approxi=
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mations of what is really happening in the Manitoba bogs.
The table shows also the potential intake of small mam-
mals for a fixed 90-day predation period that could very
well occur in the Manitoba bogs (the newly available pu-
pae material is present in the bogs from August to Novem-
ber). By comparing these results to the population esti-
mations of larch looper pupae (Tables 9, 10 and 12 of the
Appendices), one could attribute such low numbers to the
intensive predation of small mammals on their pupae.

An indication of the total calories available

from Semiothisa spp. was derived from data collected in

1968 by the author, and although that year represented a
low point in the population of this insect, nevertheless
substantial energy values were afforded by it (Table 20).
This component, even if utilized exclusively, could sus-

tain populations of many of the insectivorous vertebrates

for periods up to about one month.

B, Studies of small mammal populations

a., Relationships within small mammal populations

The role of mammalian predation upon larch loo-
per pupae was determined hypothetically in the first sec-
tion using population estimations of both groups. It was
shown, particularly in the last part of the latter section

that small mammal predators were related to larch loover
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numbers by exponential curves, It was also found that pu-
pal mortality from small mammals allowed to predict, to

a certain degree, future larch looper populations and that
certain svecies of small mammals showed numerical and
functional responses. The present study will show the pat-
terns of small marmal population fluctuations and give
simple relationships existing among them.

The small mammal population fluctuations invol-
ving the 5 most numerous species of the Maniotba bogs are
shown in Figure 4 and Table 13 of the Appendices. General-
1y speaking, we see that only one vole and one shrew gpe-
cies form the bulk of small mammals in the bogs. We note
also that redback vole population peaks do not coincide
with those of masked shrews; high vole populations are
usually registered following low levels of masked shrews
and vice-versa. This is particularly true for the River-
ton plot where both populations seem to be inversely re-
lated. The population estimations of these 2 most nume=-
rous species of small mammals were compared and statisti-
cally analysed against populations of other small mammal
species, The results shown in Table 21 suggest certain re-
lationships to exist among them in all plots. In Rennie,
masked and arctic shrews on one hand, and meadow and red-
back voles on the other, appear to be directly related at
the 99 percent level. It is interesting to note that the

former relationship holds true in all but Pine Falls plot,
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while the latter one holds true in only 3 plots. Further-
more, masked shrew numbers are related statistically to
those of short-tail shrews and meadow voles of Riverton,
and to deer mice of Telford.,

However, recent field data on hand do not fit
in the mentioned population patterns. Table 14 of the Ap-
pendices shows an index of abundance of small mammals
caught in the 1970 and 1971 veriod. Although masked shrews
and redback voles formed the higgest part of the trapped
animals in 23 sampling locations, there are no indications
of population relationships in the form as mentioned abo-

ve,

b, Food preference tests

The food preference trials were given special
emphasis for masked shrews and redback voles since these
species represent up to 77 percent of the small mammal
numbers in the Manitobs bogs (Table 14 of the Appendices).
Complenentary data were taken from secondary spvecies of
shrews, voles and mice, although the number tested was not

high enough to lead to any valid conclusions.

1. Shrews

Food preference tests involving healthy larch

loover pupae and healthy larch sawfly cocoons were conduc-
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ted on 27 adult shrews of & species: 25 S.cinereus, 2 S.

arcticus, 5 gfhoyi and 5 B.brevicauda. Cn the whole, 15

animals showed a preference for larch looper pupae com-
pared to 21 for the sawflv cocoons (Tahle 22). The shrews
seemed to react towards the food items as individuals ra-
ther than as a group. This is stressed by the X2 analysis
of the number of visits made to the two food items; the
calculated 'P! values were U838.8, 167.4 and 63.7 for the
masked, pigmy and arctic shrews' responses to the given
choice.

The tendency to prefer one of the given food
item becomes negligible when the total number of visits
are considered. As a group, masked shrews registered 1596
visits to the looper pupae compared to 1587 to the sawfly
cocoons (Table 15 of the Appendices); the non-preference
to one of the food items is shown by the t value of 0.04,
The non-preference is also shown by arctic shrews, as
they averaged 33 visits to the pupae and 89 to the cocoons
(t = -7,00 with 1 d,f.); pigny shrews, 223 to the pupae
and 300 to the cocoons (t = -0.57 with & d.f.); and short-
tail shrews, 302 to the pupae and 337 to the cocoons (t =
-0,39 with 4 d.f., Table 16 of the Avpendices).

The daily number of visits of individual shrew
species is tabulated in Table 23, Masked shrews show a si-
milar number of visits to both food items, as they registe=-
red 38 visits per dav to the pupae compared to 33 to the

sawfly cocoons. The reverse is true for the other 3 species
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of shrews as the sawfly cocoons were visited more often.
There seems to be no definite pattern of pre-
ference between the sexes; male masked shrews, for exam-
ple, averaged 38 visits per day to the pupae and 40 per
day to the cocoons (t = =0,25 with 12 d.f.). Females
showed a higher number of daily visits to the pupae as
they averaged 35 visits to that food item compared to 32
to the cocoons (t = 0,45 with 8 d.f.). 2Although not sta-
tistically significant, the daily visits suggest that
sawfly cocoons are preferred by male masked shrews while
females tend to prefer larch looper punae. The table
shows also that the former food item seems to be prefer-
red by males and females of the 3 other shrew species,

except male pigmy shrews,

2. Voles

Food preference trials were conducted on 35 C.
gavperi: 6 subadult males, 12 subadult females, 12 adult
males, and 5 adult females. The weight of subadult males
ranged from 15.2 to 19.2 g, and the females, from 4.4 to
19.8 g. Both groups had the same average weight of 17.7 g.
The adult females averaged 23.6 g (20.2-25.0) and the ma-
les, 22,4 (20,3=30,0),

When given the choice between a healthy larch

looper pupae and a healthy larch sawfly cocoon, C.gapperi
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reacted as individuals rather than as a group. Thevy visi=-
ted the larch looper pupae 1453 times compared to 1912
visits to the sawfly cocoon (Table 17 of the Avpendices).
Although not significant (t of choice = -1.34< t of ta-
bles), the animals made an average of 19.2 daily visits
more to the sawfly cocoon for the whole period of inves-
tigation. Eleven voles nreferred the pupae, whereas 12
chose the sawfly cocoon. The tendency to prefer sawfly
cocoons is stronger when analysed by svecific age and
sex groups (Tabkle 24), Among the voles that preferred
the larch looper pupae, seven females averaged 79,1 dai-
ly visits compared to 19.0 by four males. Among those
that selected the sawfly cocoon, five females registered
130.2 daily visits and the eight males, 118.7. It is in=-
teresting to note that the pattern of selection came from
adult animals, whereas subadults did not show a preferen-
ce for either choice. We see that although the preference
for sawflies over larch looper pupae is very weak, those
animals that preferred sawfly cocoons registered the
highest number of visits and seemed thus to be more acti=-
ve. As a whole, the 96 day-experiment vattern did not
show a marked variance over what was demonstrated before;
the preference for sawfly cocoons was registered in 41
days compared to 40 days of selection for the pupae. The
remaining 15 days showed no preference at all,

The second test involved a choice between a

healthy larch looper pupae and a parasitized sawfly cocoon,
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Although not statistically significant ( t of choice =
0.944 t of tables), the single pupae was preferred, pro-
bably indicating an ability by redback voles to differen-
tiate between parasitized and healthy insects., This abi-
lity has been demonstrated for other situations (Holling
1955) ., Sixteen animals showed a marked preference for the
looper pupae, and seven voles chose the parasitized cocoon
(Table 18 of the Appendices). By comparing the two latter
tables, one can see three ways that the voles reversed
their selection. The first one is shown by the majority

of voles that simply changed their preference in favor of
the larch looper pupae. The second one came from those
animals that preferred the pupae in both tests. The gain
was further increased by the voles that showed no prefe-
rence in the first experiment but shifted their choice to
the pupae‘in the second one. The change occurred mainly

in the adult group although some subadults indicated a si-
milar pattern.

The number of visits registered to the larch
looper pupae amounted to 1403 compared to 1189 for the co-
coon. This shows that the animals decreased their daily
numnber of visits only in regard to the cocoon selection.
The voles averaged 58.0 daily visits to the pupae compa-
red to 49,5 to the parasitized cocoon. As a whole, males
made more visits (77.1 per vole) than females (69.3 per

vole, Table 25). Among the animals that showed a rreferen-
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ce for the pupae, seven females recistered 80.0 daily
visits on the average, comnared to 76.6 for nine males,
A reverse pattern occurred among those that selected

the sawflly cocoon, where two males averaged 75.0 daily
visits ¢ompared to 54,8 for five females. As shown bv
the latter table, only adult males did not show the
vreference for the larch looper pupae. In a total of

91 dav-experiment, voles indicated a selection towards
pupae for WU davs compared to 35 for the alternate choi-
ce; in the remaining davs, the voles did not show a nre-
ference for either choice.

It was shown in the first vart of the study
that larch loopers were outnumbered by sawfly cocoons.
Examination of Tables 9, 10, 11 and 12 of the Avrpendices
indicates that sawfly cocoons occur bhetween 10 and 1000
times as frequently as do larch looper nupae. On this bha-
sis, an experiment was designed to see the voles® prefe-
rences between larch looper pupae and a concentration of
sawfly cocoons. For the convenience of the exveriment, a
concentration of 10 sawfly cocoons was tested against a
single healthy larch looner purae,

Among the 23 redhack voles, 12 nreferred the
concentration of coccons compared to 2 that selected the
looper pupae; sorme voles did not show anv nreference for
either choice. The tendencv of choosing the sawflyv cocoons

is accentuated when comparincg these individual selections
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(Table 19 of the Appendices) to those registered in the
previous experiments (Table 17 and 18 of the Appendices).
Among the voles that selected the pupae, only 2 animals
showed a clear tendency in choosing the pupae, the re-
maining 6 ones offering erratic responses such as selec-=
ting the pupae, in this case, after having shown a prefe-
rence for the parasitized cocoon of the previous experi-
ment. Among the voles that chose the concentration of co-
coons, five animals came from the group which had shown
already a preference for the looper pupae, while 5 others
showed a clear gradient of responses, selecting in a row
the cocoon of the first test, the pupae of the second ex-
periment, and the concentration of cocoons of the third
trial. One vole constantly selected sawfly cocoons whate-
ver the choice offered, and another one showed an erratic
response similar to the one cited above.

The number of visits to the treadles averaged
689 for the pupae compared to 954 for the cocoons (t of
choice = =1.384 t of tables). Among the voles that selec-
ted the former food item, three males registered 31.2 dai-
ly visits compared to 24.7 for 5 females (Table 26). Se-
ven males recorded #43.0 daily visits to the concentration
of cocoons compared to 83.0 for 5 females. It is interes-
ting to note that subadults showed the highest number of
visits for the cocoon-prone animals while adults did the
same for the pupae selection. Over an 88 day experimental

period, 41 days indicated a trend for the cocoons selec-
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tion compared to 31 for the alternate choice, the remai-
ning 16 days showing no selection for either choice,

Concentrations of loopers were also tested a-
gainst a sinagle sawfly cocoon to simulate those instances
wvhere loopers may be more abundant than sawflies. Fleven
voles selected the concentration of looper nupae acgainst
10 for the alternate choice (Table 20 of the Arvendices).
The overall number of visits made to the concentration of
pupae totalled 1023 (46.5 per vole) compmared to 815 (37.0
per vole) for the single cocoon (t of choice = 0,65 t of
tables). Ameng the animals that vreferred the first item,
five males recorded U3,6 daily visits compared to 95,0
for 6 females. Among those that selected the sawflv cocoon,
5 males registered 76.0 dailv visits as oprosed to 38,6
for a same number of females (Table 27). The concentration
of larch looper pupae reversed the previous pattern of se-
lection as shown in the first and third experiments, where
the voles preferred slightly sawfly cocoons over the larch
looper pupae.

The complementary tests of 10 meacdow voles (M.

pennsylvanicus) and 2 deer mice (P.maniculatus) showed the

same vreference patterns as shrews and voles did., As a who-
le, half of them preferred the larch loorer pupnae and the
other half, the sawfly cocoon. Meadow voles made 152 visits
to the pupae compared to 549 to the cocoon; the deer mice
totalled 268 visits to the vnupae and 160 to the cocoon
(Table 21 of the Appendices). The dailv visits of meadow

voles to the larch looper pupae averadged 12 ver day
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compared to 13 to the larch sawfly coccon; the deer mice
registered 38 visits ver dav to the puvae and 19 per day

to the cocoon,

c. Metabolism and metabolic requirements of shrews and vo-
les

The mean values of daily oxygen consumption and
carbon dioxide production of redback voles are listed in
Table 28, The table shows that oxyvagen consumption and car-
bon dioxide production increased as temperature decreased,
The oxygen consumption increased however, at a greater ra-
te than did carbon dioxide production (Figure 10), so that
the RO values were lower than expected. The redback voles
consumed daily 4.59 cc of ovvgen per o=hr at 69-72°F,

5.92 cc at 62-6U4°F and 6.33 cc at 53=57°F, The carbon di-
oxide production averaged 2,90, 3.60 and !.20 cc per ¢g-hr
for the same gradient of temperatures. The latter figures
are surprisingly low wher compared to those of Pearson
(1962) and Morrison (1948). Assuming RO values of 0.70 and
oxygen intakes such as shown above, the CO, production
should average 3.21, 4,14 and 4,43 cc ver g-hr at similar
temperatures.,

When oxvgen consumption and carbon dioxide pro-
duction were plotted acainst their respective temperatures,
a linear relationship held true at the 20 percent level

for the oxygen and 99 vercent for the CO, production (Fi-
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Figure 10. Oxygen consumption, carbon dioxide production

and temperature relationships of 20 redback

voles,
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gure 10); as stipulated earlier, oxygen consumption ten-
ded to increase at a higher rate than Co, production did.
Table 29 shows the relationship existing hetween the res-
piratory quotients of voles and their corresronding 0,
and C02 values. The oxygen consumption appeared to be re-
lated directly to the RO values while C0, production did
not show such relationshinr,

When analysed by age and sex groups, the oxy-
gen consumption and carbon dioxide production gave inte-
resting trends. Generally speaking, the average consump=
tion of oxygen was higher in males than in females (Table
22 of the Appendices). This contradicts the general ten-

dency to give higher O, consumption to females; such re-

sults have already been compiled for Peromyscus (Cook and

Hannon 1954), tree-shrews (Nelson and Asling 1962), and
common voles (Trojan and Wojciechowska 1967). On the con-
trary, my results support the belief that males are par-
ticularly sensitive to mild stress when comvared to fema-
les (Chitty 1960, Schell 1967). The oxygen consumption of
males was found to be 1.06, 1.08 and 1,08 times those of
females for the decreasing order of temperatures. Sub-
adult males consumed more oxycgen than did females, al-
though the trend was less ohvious among adults, where fe-
males consumed more at 62-64°F and much less at the two
extremes, The carbon dioxide production was a little
higher in males at both maximum and minimum temperatures,

The production of males amounted to 1.02, 0.96 and 1.04
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times those of females for the decreasing order of tempe=
ratures,

The carbon dioxide production of redback voles
was found to be statistically related to the oxvgen con-
sumption at the two extreme temperatures (PP 99 percent),
while at the middle temperature range tested these two va-
lues were related only at the 93 percent level (Table 23
of the Appendices). The relationship held true at all
temperatures only when voles with RO of 0.73 and over were
analysed (P 299 percent)., The relationship anpeared to be
weaker when oxygen and carbon dioxide values were conver-
ted to a volume per g-~hr basis. This sugoests that the
weight of animals could have had an influence on either
the O2 consumption or the CO2 values or on both of them.
This contradicts the studies by Pearson (1962) when he
mentioned that one need not correct the CO, output for
weight at various temperatures.

The daily urinary-nitrogen measurements were
performed on 5 voles using a aradient of temperatures si-
milar to that which was used for their metaholism studies
(Table 24 of the Appendices). The daily overall production
averaged U06.9 mg for animals weighing 20.9 g, The fluctua-
tions of the nitrogen measurements at different tempera=
tures suggested no correlation between the latter values,
However, a decrease in nitrogen excretion seemed to have
occurred as temperature increased; the average nitrogen

excretion at 54, 66 and 729F indicated a slow decrease
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from 59.4 to 44,1 mg, to finally reach 43,7 at the high-
est temperature,

Based on oxygen consumption, carbon dioxide
production and uginary-nitrogen excretion, the metabolic
requirements of redback voles are listed in Table 30, In
order to sustain their needs at a fairlv low temperature,
the voles need to increase their energy intake by 34 per-
cent, At a temperature of 53=57°F, which is thought to be
about the vearly average temperature of the Manitoba bogs
(Buckner 1964), the voles had to burn up to 12 percent of
their daily energy budget (DEB) to sustain their protein
metabolism, The DEB of redback wvoles fell within the 1li-
mits set by several workers (Kaczmarski 1966, Trojan and
Wojcieschowska 1967) . However, the increase of their dai-
1y budget from 69=72°F to 53=-57°F contradicted the re-
sults of Gorecki (1968).

The requirements were also calculated using
the calorific conversion of oxygen and maximum values of
RO, Although such estimations are of maximum values, they
fall very close to those produced earlier (Table 25 of
the Apvendices), that is within 2 percent of the former
values.

According to Brody (1945), the relationship
existing between metabolism and body weight in mammals
may be expressed by the equation

M = 3 Wbp where

M
a

BMR
specific metabolism = 70.

{ I

82}
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Table 30. The metabolic requirements of redback voles,

Temperature (9F)

Type of analysis
53=57 62=-614 69=72

Mean daily urinary-

nitrogen excretion 59.35 b, 14 43,70
(mg/vole)
Daily energy for
protein catabolism 1.57 1.17 1.16
(kcal)
Daily metabolic re- 13.25 12.53 9.91

quirements (kcal) 13.50 12,771 10,158
SDA for proteins;

40% of calories de- 0,629 0.468 0.463
rived from protein

catabolism (kcal)

1 Derived from data of Table 18 of the Appendices,
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W = weight of animals expressed in kg
and b = a power transforming weight into metabolic acti-
ve weight = 0,73,

By substituing these values in the equation, one can cal-
culate the expected BMR, For redback voles weighing 19.1q,
the basal requirements should amount to 3.97 kecal rer day.
Their calculated ADMR at 70-72°F amounted to 6,45+2,48
kcal per day and the ADMR corrected for SD2 (Specific Dy-
namic Action) of proteins averaged 5,98+2.48 kcal per day.
The wide discrepancy between the observed and calculated
values suggests that the measurements were not made in the
thermoneutral zone, which is known to be above 72°F for
voles. A simple XZ analysis between the observed and cal-
culated values supports this idea sz = 52,1§x2 of tables
at 36,2). It is believed however, that a good proportion
of the population was in or near the thermoneutral zone.
This is supported by the fact that if we do not consider
the 3 voles which showed the highest individual Xz, the
newly formed value amounted to 29.2 and proved to be sta-
tistically significant at the 99 percent level. This
suggested then that 85 percent of the laboratory vole po-
pulation could have reached a near BMR level. The discre-
pancy between the two values surely would have been redu-
ced had the measurements been taken at a still higher tem-
perature,

The metabolic requirements of masked shrews ha-

ve already been calculated by Buckner (1964)., He determi-
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ned their daily reguirements to average 6.02%0,.26 kcal.
Their minimal daily energy intake averaged 3.10 kcal,
The BMR values of shrews ranged from 1.9 to 2.3 kcal
per day, the former value being determined by Brody's
formula and the latter one estimated with the minimum
intake of oxygen and corrected for SDA of proteins. The
metabolic requirements of individual shrew species have
been estimated at 6.94, 6.67 and 9.69 kcal ver day for

S.arcticus, M.hoyi and B.brevicauda respectively. These

values represent of course the sum of the active and

passive metabolisms of animals,

C. Studies of small mammal and insect relationships

The population dynamics studies and the food
preference tests suggested that the larch looner mate-
rial could play a role in the diet of small mammals. This
section of the study was designed to show the actual
field occurrence of these interactions and to determine
the importance of larch looper pupae in the diet of ani-
mals. The stomach analyses should give a direct and qua-
litative value of the first supposition while the plan-
ting technique will give a guantitative one in terms of

predation by small mammals,

a. Stomach analvyses

The analyses were performed on animals trapped
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in the summer and fall of 1970 and spring, summer and
month period is shown in Table 26 of the Appendices.,
The 1970 trapping period yielded 139 animals among
which shrews totalled 60 percent. The shrews were of

3 species with a preponderance of short=tail shrews (48)
over masked (35) and arctic (1) shrews. Voles were on-
ly of 2 species, with redback voles (34) more common
than meadow voles (20); jumping mice (Z.hudsonius ) we-
re caught only once in the trapping period. The 1971
trapping session extended from February to September.
Among the 179 trapped animals, 93 were masked shrews,
76 redback voles, 7 meadow voles and 3 bog lemmings

(Synaptomys cooperi). We note the absence of short—=tail

shrews in the winter, spring and summer months of that
vear,

The stomach contents of 318 shrews and voles
were determined volumetrically and the percentages of
larch looper and larch sawfly materials assessed. An ad-
ditional 173 samples came from gut analyses of the va-
rious shrew species. The volume of stomach contents by
plot, species, age and sex are listed in Table 27 of the
Appendices, As a whole, the volume of the contents va-
ried so widely between individuals that no clear-cut
picture can be drawn. Generally speaking, the monthly

volume of stomach contents of masked shrews averaged
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0,05 cc in the summer and winter months with the excep-
tion of April 1971, when 16 individuals tripled this vo-
lume (Table 31). The May figure of 0.75 cc is misleading
since it is derived from only one individual. But it can
be said that masked shrews act fortuitously in the sense
that they increase their food consumption in the spring
months by gorging themselves on newly available material.
Short-tail shrews were captured only in the summer months
of 1970, and their average stomach volume approached
0,08 cc with no apparent difference between the sexes,
Redback vole stomach contents varied from 0.6 to 1.1 cc.
The contents of males fluctuated between 0.5 to 0.9 cc:
one individual trapped in Mav 1971 held a record of 2.20 cc.
Stomach contents of females varied from 0.4 to 1.5 cc
with an extreme value of 3.4 cc from a female of the same
location and month.

Meadow voles also showed an average of about
0.8 cc in content through the trapping period. There were
no indications of differences between the sexes if we base
the figures on months of equal capture of both males and
females., The month of August 1970 was such a month and it
can be seen that the males averaged 0,8 cc compared to
0.7 cc for the females.,

Although not mentioned in the last few tables,
the stomach contents of an arctic shrew was estimated at
0.05 cc, which is very close to that for the masked shrews.

The two male bog lemmings caught in February and March
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1971 had stomach volumes of 0.05 and 0.3 cc respecti-
vely, which was much below the values for the other
rodent species. The jumping mouse trapped in August
1970 had a stomach content of 0.3 cc of plant mate~
rial.,

The volume of the small and large intestine
contents were determined volumetrically the same way
as the stomachs were. The volumes, classified bv plot,
species, age and sex can be found in Table 28 of the
Appendices. As a whole, the monthly volume of the gut
contents averaged 0.1 cc for masked shrews and 1.1 cc
for the short-tail shrews (Table 32). As far as masked
shrews are concerned, there seemed to be no difference
between the volume of summer and winter gut contents,
although the May figure (1971) of 0.4 cc by one female
is misleading. Table 28 of the Aprendices does not show
any existing differences between the volume of contents
of the different age groups; the very low numbers of
subadults caught in snap-back traps did not permit such
a comparison between the two groups. We note also that
the gut contents of masked shrews averaged about twice
those of the stomachs, while short-tail shrews contained
about one=third more. The volume of contents of the arc-
tic shrew was estimated at 0.3 cc, which represented a-
bout 6 times the volume of the stomach materials. This

common feature will be discussed later in the text as the
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gut contents tend to show better the food history of
the shrews than the stomach contents do.

The overall picture of the stomach and in-
testinal contents is shown in Table 33. We note that
larch looper material is found in very low percentages
in the stomach and intestinal contents of the two main
species of shrews, i.e. the masked and short-tail shrews.
We see also that this percentage tends to be constant
in both analyses while the same is true for the sawfly
and ‘other insects'® materials,

Larch looper remains were found in 1 redback
vole and 15 shrews, among which 9 masked and 6 short-
tail shrews yielded fairly high percentages of remains
(Table 34), We see that they ranged from 0,2 percent
in the redback vole to 69 percent in masked shrews,

As a whole, 19 analyses (3.9 percent) showed
larch looper remains of which 7 occurrences appeared in
the stomach contents. It is noteworthy that the gut con-
tents registered more occurrences of larch looper re-
mains than the stomachs did. As suggested earlier, this
might be caused by the fact that more material was avai-
lable for analysis in the last portion of the digestive
system. These occurrences of larch looper remains from
the digestive system of small mammals were not local fea-
tures of certain populations since they came from 7 of
the investigation plots.

A more detailed analvsis of larch looper re-
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Table 34, The mean percentage of larch looper material
recovered from small mammal stomach and in-

testinal contents.

% of larch looper mat,

Species

stomach intestine
S.cinereus 69(2)1 20(7)
B.brevicauda 22(4) 23(5)
C.gapperi 0.2(1) =  me——-

1 The numbers in parentheses refer to the number of ana-
lyses in which the larch lcooper remains were found.
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mains is given in Tables 29 and 30 of the Appendices,
The contents were analysed by species and as they oc-
curred on individual plots. A summary of these analy-
ses is shown in Tables 35 and 36, where the percentas
ges of the remains were analysed on a monthly basis.
We note that the stomach contents of short-tail shrews
contained larch looper remains in July, August and
September of 1970, coinciding with the peak of larval
occurrences in the plots. The intestinal remains shown
by the last table suggested also that masked shrews
did eat larch looper material when it was available in
August, September and October of the same vear, and

in April of the following spring.

The larch sawfly material was found in 89
shrews, 9 redback voles and 2 meadow voles for an o=
verall occurrence of 33 percent. Among the 149 cases
registered by the 100 animals, 69 were found in sto-
machs and 80 in the intestinal contents. Masked and
short=tail shrews appeared to be the main predators of
sawflies as they were the only two species of shrews
to be trapped regularly on the plots. The percentage
of sawfly remains ranged from traces in voles to 100
percent in some shrews. The mean percentage of the
sawfly material recovered from small mammals is shown
in Table 37. We note that these values tend to remain

the same in both stomach and intestinal analyses of
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Table 35. The monthly feeding history of small mammals

as shown by the stomach analysis.

food item

Time Species
looper sawfly other ins. plant misc.
1970 1
July S.cinereus(18) - 50 17 3 ————
B.brevicauda(24) 3 62 32 1.5 1.5
C.gapperi(12) - 12 3 85 -
M.pennsylvanicus(6) - - + 100 ———
August S.cinereus(11) - 25 75 - o n
S.arcticus (1) - -— 100 — ————
B.brevicauda (20) 6 19 70.5 1.5 3
C.gapperi(13) + - 1.5 98,5 =m=e-
M.pennsylvanicus (13) == + 1.5 98,5 ===-
Z.hudsonius. (1) - - 1.5 98,5 ===
Sept. S.cinereus(2) - 22 78 . = e
B.brevicauda(5) 3 3 72 1.5 20,5
Oct, S.cinereus(2) + = 100 - ———
C.gapperi(9) - - 1 98 1
1971
Febr. S.cinereus (24) - 15 72 10 3
C.gapperi(20) - - 3 oy 3
Sy.cooperi (1) - - - 100 ———
March S.cinereus(8) - 30 68.5 1,5 me—=—
C.gapperi (4) - - 1.5 98,5 ===
M.pennsylvanicus (1) - - . 100 R
Sy .cooperi(1) - - - 100 ———
April S.cinereus(16) 6 1 93 — ————
C.gapperi(8) - - 1 98 1
May S.cinereus(1) - - 100 - o e
C.gapperi (i) - - 1.5 98,5 ===
M.pennsylvanicus(4) - - - 100 -
June S.cinereus(1) - . 100 —— .
C.gapperi(3) - - 1.5 98,5 =w==
M.pennsylvanicus(1) - - o 100 - e
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Table 35. Continued,

% food item

Time Species
looper sawfly other ins. plant misc.
1971
Sept. S.cinereus (41) - 10 90 - ————
C.gapperi(22) - - + 100 —————
M,pennsylvanicus{(2) == - o 100 -
Oct. C.gapperi(14) - - . 100 -

1 The figures in parentheses represent the number of indivi-
duals examined.
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Table 36. The monthly feeding history of small mammals
as shown by the intestinal contents.

% of food item

Time Species
looper sawfly other ins. plant misc,
1970 :
July S.cinereus(18) - 55 us —— -
B.brevicauda(24) 1 63 33 1.5 1.5
August S.cinereus(12) 1 8 91 - -
S.arcticus(1) - - 100 —— -
B.brevicauda(20) 1.5 20,58 72 3 3
Sept. S.cinereus(2) 2 20 78 - ——
B.brevicauda(5) 10 11 75 2 2
Oct. S.cinereus(2) 6 3 91 - ——
1971
Febr. S.cinereus(24) - 15 72 10 3
March S.cinereus(8) - 28 57 15 -
April S.cinereus(16) 8 3 88 1 -
May S.cinereus(1) - - 100 - —
June S.cinereus(2) - - 100 - ——
Sept.S.cinereus (41) - 12 38 - -

1 The figures in parentheses represent the number of indi-
viduals examined.
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Table 37. The mean percentage of larch sawfly material
recovered from the small mammal stomach and

intestinal contents,

% of larch sawfly mat.

Species

stomach intestine
S.cinereus 62(34) ] 49 (45)
B.brevicauda 68(24) 51(37)
C.gapperi 10(8) = emeeee

M.pennsylvanicus 0.1(2) = —-ecee-=

1 The numbers in parentheses refer to the number of analy-
seés in which larch sawfly remains were found,



shrews., We see also that 9 percent of the voles were
found to have eaten some sawfly material in July, Au-
gust and September of 1970, and ZApril of 1971 (Table
27 of the Appendices). Shrews extended their preda-
tion on sawfly material from July 19270 to April 1971
with the bulk of occurrences taking place when the
larval drop was the most abundant. The overall picture
of the sawfly remains can be found in Table 33, It is
shown that short-tail shrew stomach contents average
twice those of masked shrews. The trend is less ob-
vious in the intestinal contents, although short-tail
shrews also show higher values than those of masked
shrews,

It might be well to draw here a comparison
between the ratios of larch 1doper and larch sawfly re-
mains as found in the population dynamics data and sto-
mach analyses. We notice in Table 33 that the stomach
and intestine analyses showed respectively a 2:16 and a
2:18 ratio, A look at Tables 9, 110, 11 and 12 of the
Appendices reveals a ratio of 336:3655 between the larch
looper and larch sawfly larvae collected in the larval
traps of 1970. This suggests and tends to confirm the
fact previously put foward that there is no marked pre=
ference existing for either the larch looper or the
larch sawfly, as the ratio of the insects found in sto-
mach and intestinal analyses is approximately the same

as the one existing at the population level. The larch
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looper populations could then, vlay a very important ro-
le in the diet of small mammals, if those populations we-
re larger. This conclusion nicely fits Murdoch's thesis

on switching behavior of predator nopulations, where pre-
dators tend to change (switch) their preference when prey
populations pass a certain threshold (Murdoch 1969). There
are indications that such a phenomenon could occur in the
larch looper-larch sawfly system once the larch loover
numbers reach a certain level. It is believed that such le-
vels were not attained on the investigation rlots since
larch loorexr nopulations were at their lowest ever since
1968,

We included in the 'other-insect' material ca-
tegory those which were not larch loopers and larch saw-
flies. No attempts were made in the nresent studv to clas-
sify these insect remains. Generally speaking, this mate-
rial was ingested by 169 shrews, 33 redback voles, 8 mea-
dow voles and 1 meadow jumping mouse, It is clear that in-
sects serve other purposes than sustaining shrew popula-
tions since more than 50 percent of the voles were found
to have ingested a certain quantity. Besides shrews which
are the main regular mammalian predators of this material,
voles ingested insect remains in all of the 1970 summer and
fall months (July, August, September, October) and in all
of the spring and summer months of 1971 (February, March,

April, May, June; Table 35). Among the 341 examples of vre-
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dation on insects, 190 came from stomach analvses and 151
from gut contents, for a total occurrence of 72 vperceent.
Masked shrews appeared to be the main users of this ‘other
insect?® material, with insect remains in 220 cases:; short-
tail shrews followed with 79 cases; redback voles with 33;
meadow voles with 8 and the meadow jumping mouse with 1.
The other-insect remains occurred in 88 percent of the
shrews and it is obvious that they sustain their metabolism
only with this category of food item; the other 12 percent
seemed to consist mainly of larch sawfly and larch looper
material. The percentage of other-insect remains ranged
from traces in rodents to 100 percent in many shrews. The
mean percentages of the material recovered from small mam=
mals are listed in Table 38, We see that masked shrews show,
in both kinds of analyses (stomach and intestinal), hicher
percentages of remains than short-tail shrews., We note also
that the other-insect material in redback vole stomachs
average more than twice the amount found in meadow voles.
Plant material was found in 148 mammalian sto-
machs among which 12 masked and 12 short-tail shrews inges-
ted respectively 17 and U4 percent, All rodents had eaten
mostly plant material in the proportion shown in Table 35,
In 30 samples, masked shrews averaged 31 percent compared
to 5 percent showed in 19 cases from short-tail shrewvs,
This plant material was classified into 4 broad types as
they ocﬁurred in stomach and gut contents of shrews. The

monthly picture of plant remains is shown in Table 32. The



Table
recovered from

38, The mean percentage of
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"other insect® material
the small mammal stomach and

intestinal contents.

% of ‘other insect! mat,
Species
stomach intestine
. 1
S,cinereus 93(110) 90(108)
S.arcticus 100(1) 100 (1)
B.brevicauda 70(37) 63(42)
C.gapperi 0.,7(33)  —e=ee=
M.pennsvlvanicus 0.3(8) ======

Z.hudsonius

1 The numbers in parentheses refer to the number of analyses

in which ‘other insect®

remains were found,
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analyses showed the plant material to consist mainly of
'soil’ and bark remnants. Greens were found only in 1
masked and 5 short-tail shrew stomachs while the gut a-
nalyses revealed such remains in only 2 shrews. As a
whole, 19 masked shrew stomachs contained some plant ma=-
terial compared to 25 from short-tail shrews. Although
fairly common (31 pereent), these occurrence are thought
to be accidental as they probably resulted from the
shrews digging while searching for food. The table shows
also that masked shrews had ingested higher percentages
of 'soil’ materials in the winter time. This also could
be attributed to digging since the analyses did not show
higher percentages of bark and green plant materials as
compared to the summer period.

The analyses showed also the presence of mis-
cellenous material that consisted mainly of hair and pie~
ces of a reddish tissue thought to be muscle., This mate-
rial never occurred alone and was usually accompanied by
certain amounts of hairy remains. The presence of guard
hair as such was found in 3 shrews, 1 masked and 2 short-
tail shrews. This might be attributable to the fact that
the animals were killed recently after a preening period,
In such cases, the quantity of hairv material was insi-
gnificant and could not be considered as coming from o-
ther animals. There were other instances where a quanti-

ty of hair occurred and occupied up to 80 percent of the
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stomach contents. Such cases occurred in winter time
with 3 masked shrews when their stomach remains were
found to contain 80, 50 and 2 percent respectively,
Small quantities of hair were also found in 1 redback
vole (2 percent) and 2 short-=tail shrew stomach con-
tents (1 percent and 5 percent); these could be as ac-
cidental as those seen earlier in masked shrews.

The presence of guard hair attached to pie-
ces of muscular tissues was found in 2 short-tail
shrews trapped in August 1970. The fact that these 2 ani-
mals showed such remains at 79 percent in their stomachs
and 57 in their intestine suggested successive uses of
this material for several meals. Whether such material
could have been killed by the shrews or simply found
dead and readily eaten can be argued., An adult male was
found to have some redback vole hair in the stomach
(59 percent) and intestine (40 percent) while a second
one, a subadult female, was caught with some deer mouse
hair (100 percent in stomach and 74 percent in intesti-
ne). It is not believed that short-tail shrews are im-
portant predators of other animals (small mammals) since
such material occurred in only 2 out of 48 trapped ani-

mals.

b, Pupae planting technique

The stomach analyses showed that only 15 shrews
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and 1 redback vole ate larch looper material; this repre-
sented U percent of the total analvsis. They indicated
also that the larch loower remains were eaten mainly when
the food item was newly available in the bogs, that is, in
July, August, September and October. Masked shrews were
found to be the main users (9) followed by short-tail
shrews (6) and 1 redback vole, The fact that both the sto-
mach and intestinal contents of some shrews consisted of
larch looper remains suggested a greater impact of the
shrew populations on larch looper numbers. The nupae plan=-
ting technicgue was then designed to estimate this actual
predation of small mammals and determine their impact on
larch looper pupae.

The larch looper larvae and pupae npopulations
were determined using the method described earlier. The
population estimations of both groups are listed in Table
31 of the Appendices. Generally speaking, the larvae po-
pulations fluctuated from nil to 90,000 per acre and fell
within the limits established bv the data of the first
section; the pupae populations ranged from 500 to 50,000
per acre. The mammalian populations found in the same in=
vestigation plots are enumerated in Tabhle 32 of the Appen-
dices and standardized for the nurpose of statistical ana-
lvsis,

Larch looper pupae were nlanted in August 1970
and 1971 and recovered after the predation period., A total
of 1,100 puvae were planted in 12 plots using a gradient

of densities as shown by Table 33 of the Appendices. The
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table includes also the recovery rates of pupae at dif-
ferent densities. The recovery of pupae permitted an es-
timation of the total mortality evperienced bv this under-
ground stage; such figures are shown in Table 34 of the
2Appendices. As a whole, the total mortalitv ranged from
56 to 97 percent of the 'planted® pupae. Based on such
estimations, a total number of pupae destroyed per acre
can be established; the number of pupae thus destroved
ranged from U440 to 44,000 per acre {(Table #0), Figure 11
offers another view of the number of purae destroved at
different densities. We note the strong correlation ex-
isting between two variables, as the relationship holds
true for ponulations ranging from 500 to 50,000 ner acre.
The partial mortality caused bv small mammals
was determined by subtracting the predation caused by o-
ther predatory species from the total vpredation. 2s des-
cribed in another section (see Methods), this mortality
caused by other killing agents was estimated by usinc
‘small mammal-free cages' in which 20 pupae had been plan=-
ted artificially. The partial mortalitv fror small mammals
and the number of pupae thus destroved are shown in Table
40, We note that the mammalian species destroved from 1
to 89 percent of the available pupae porulations, while
the total mortality accounted for as much as 97 percent
of their numbers. We see also that there exists a strong
relationship between the pupae destroyed by small mammals

and the populations of larch looper vupae (Figqure 12); the
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Figure 12. Relationship between the number of pupae des-

troyed by small mammals and the populations

of larch looper pupae.
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relationship holds true for populations ranginag from 500
to 50,000 pupae per acre,

The latter relationships suggest a numerical
response between small mammals and pupal populations. In
fact, the small mammal povulations of 12 vlots show a po-
sitive and direct numerical response to densities of larch
looper pupae, as the relationship holds true at the 99
percent level (Figure 13a). Analysed individually, none
of the small mammal species showed such a response but
when numbers of masked shrews and redback voles were lum-
ped together, they showed a positive response to larch
looper pupae (Figure 13b): the figure suggests however
these two parameters to fluctuate in a logarithmic pat-
tern.

Numerical resvonses of small mammals to densi-
ties of destroved pupae per acre were also calculated,
Small mammal populations as a whole showed a positive di=-
rect response to numbers of destroyved larch looper pupae
per acre (Figure 14a); the relationship held true for den-
sities of dead pupae that fluctuated between 480 and 28,000
per acre, Masked and short-tail shrews did not show any
statistically significant responses, while redhack voles
registered one (Figure 14b). The relationship can be in-
terpreted either as a positive and direct one or as a po-
sitive logarithmic one; however, the latter relationship
was found to fit the data better, as it showed to be sta-

tistically significant at the 99 percent level compared



Figure 13 a,

The numerical response of small mammal ro=-
pulations to densities of larch looper pu-
rae.,

The numerical response of masked shrew and
redback vole populatiors to densities of

larch looper pupae.
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Figure 14 a,

The numerical response of small mammal po-
pulations to densities of larch lcoper pu-
pae destroyed per acre,

The numerical response of redback voles to
densities of larch looper pupae destroyed

per acre,

The numerical response of masked shrew and
redback vole populations to densities of

larch looper pupae destroved per acre,
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to 95 percent for the former one., The combined popula-
tions of both the masked shrews and redback voles were
found to fluctuate directly with the numbers of dead
larch looper pupae (Figure 14c); this relationship also
exists in two forms as the data fitted both a linear
and a logarithmic curve,

The impact of small mammals on larch looper
pupae can be shown also by the existence of a functio-
nal response., The number of dead nupae destroved per
animal is shown to vary proportionately with the densi-
ty of pupae per acre (Fiaqure 1i5a); the relationship held
true at the 99 percent level. Since the numbers of the
mammalian populations of the Manitoba bogs consist of
two large groups, the shrews and voles, a functional res-
ponse for each group was tested. The results of such re-
lationships are plotted in Figure 15b and 15c. The func-
tional response of shrews can be interpreted in two wavs
as the linear fit revealed to be significant at the 94
percent level compared to 99 percent level for the loga-
rithmic one. The functional response of vole populations
varied proportionally to larch locoper pupae; the corre-
lation held true at the 99 percent level,

As shown by Table 32 of the Aprendices, the
shrew populations consist of two species, the masked and
short-tail shrews, while that of rodents is formed main-

ly by redback voles. Specific functional responses were



Figure 15 a,

b.
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The functional resronse of small mammal alal
pulations to densities of larch looper mupae,

The functicnal resvonse of shrews to densi -
ties of larch loover purae.

The functional resnonse of rodents to densi-
ties of larch looper rupae.

The functional resnonse of masked shrews to
densities of larch loorer runae.

The functional resvonse of redback voles to
densities of larch loorer runae.

The functional resvonse of masked shrew and
redback vole populations to densities of
larch loover nrunae.
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then calculated for the above mentioned small marmal po-
pulations. Masked shrews showed a functional resronse to
nurbers of larch looper runae (Figqure 15d): the relation-
shin fitted hetter a logarithmic curve where it nroved to
he statistically significant at the 99 rercent level. The
resronse of short-tail shrews varied logarithmicallyv with
the numbers of larch looper purae, as the relationship
was found to he statistically significant at the 95 rer-
cent level., Redback voles also showed & response to larch
looner numbers (Figure 15e): the data fitted hoth a
straight line and a logarithmic curve, both heinag statis-
tically significant at the 89 nercent level, The com-
bined porulations of masked shrews and redbhack voles
showed their response to larch loomner purae to he statis-

tically significant at the 99 nercent level (Ficure 15f);
we note that the combined effect of bhoth nroved teo vary
like a densitv-derendent pattern,

Although shrew and rodent populations showed
numerical and functional reswnonses to larch loorer nunae,
their impact on the insect ronulations is believed to bhe
a constant mortality factor having no real effect (no key=-
factor type of role) on the larch looper fluctuations.
This is suggested by the fact that the vercentage of pre-
dation of the most insectivorous srecies, the masked and
short-tail shrews, is inverselv proportional to their nre-

sence in the small mammal faura (Figure 16a). The same is

true concerning the number of punae destroved per acre (Fi-
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Figure 16 a., Relationship between the percentage of pre-
dation of larch looper pupae and the percen-
tage of shrews in the small mammalian fauna.

b. Relationship between the number of larch loo-
per pupae destroved per acre and the percen-

tage of shrews in the small mammalian fauna.
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gure 16b) as the relationship holds true at the 99 percent
level, Both figures suggest a higher mortality of larch

looper pupae when shrews are low in numbers,



Conclusions

Small mammal populations are undoubtedly very
important in the dynamics of larch loopers. This is shown
by both the statistical and actual field data analyses.
Another important conclusion from the study is that small
mammal populations strongly indicated density-dependent
relationships to numbers of larch looper pupae available
and to numbers of destroved pupae per acre. This is es-
pecially true in the comparison of numerical and functio=
nal responses of small mammals to densities of larch looper
pupae of the statistical and field data analyses.

GCenerally speaking, the statistical approach u-
sing data gathered by the Larch Sawfly Team since 1962 on
one hand, and population estimations based on such data
on the other, gave the following trends. Redback vole and
masked shrew populations showed stroncg statistically si-
gnificant relationships to numbers and vercentages of dead
larch looper pupae per acre, This is true for such rela-
tionships using redback vole numbers of PRennie, Seddon's
Corner, Pine Falls and Darwin plots. The density depen-
dence was specially strong when numbers of dead larch loo-
per pupae were used, The same is true for masked shrew po-
pulations as they showed a strong correlation with the num-
bers of dead larch looper pupae per acre of Telford, Pine
Falls and Darwin plots. Furthermore, masked shrews indica-
ted inverse density-dependent relationshins to numbers of

dead green larch looner pupae of Telford plot and to the
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nercentage of dead green larch loorer ponulations of Ri-
verton,

The Morris key-factor analysis suggested the
importance of the pural stage in the dynamics of larch
loopers. The fact that the analysis using the logarithm
of survival of pupae (log S) instead of the logarithm of
the previous generation (log hn) improved significantly
the predictability of future looper populations in all
but one plot, stressed the importance of this under-
around stage. The analysis doubled the predictability of

S.sexmaculata populations of Rennie and Darwin plots,

and that of S.oweni numbers of Telford plot; it more than
tripled also that of S.signaria porulations of Seddon’'s
Corner and Riverton vrlots.

The importance of the pupal stage was emphasi-
zed further when small mammal povulations showed positive
density-dependent relationships to the actual numbers of
dead pupae per acre. Individual mammalian species confir-
med the general tendency as they each showed such rela-
tionships in all but Telford and Pine Falls plots, where
numbers of short=tail and masked shrews were related ne-
gatively to the green and brown dead larch loorer puvae.
The masked shrew populations registered a negative and
logarithmic numerical response (log transformation of pu-
pae: log ¥X) to dead larch looper pupae of Telford and Sed-
don's Corner, while they showed also a positive and di-
rect response to the pupae of Darwin plot. Short-tail

shrews offerred also a negative pattern of response to
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dead looper pupae, as shrew numbers are found to vary lo-
garithmically (log transformation of shrew numbers: log Y)
with those of the pupae of Rennie, Seddon's Corner and FPi-
ne Falls plots. Furthermore, short-tail shrews showed a
positive and logarithmic response (log-log transformation)
to numbers of dead green larch loover of Telford. The nu-
merical response of arctic shrews was found to be negative
and logarithmic (log transformation of pupae: log X) with
the numbers of dead pupae of Telford; they registered also
a rositive and direct one with those of Darwin nlot. Red-
back vele populations responded positively and directly to
the numbers of dead green and brown larch lcoper pupae of
Rennie and Seddon's Corner, while they showed a negative
and logarithmic one (log transformation of vnupae: log X)
with the numbers of dead brown larch looper pupae of Tel-
ford.

The life table analysis revealed also a functio-
nal response to exist between small mammals and larch loo-
per pupae populations. This response was found to vary in
a density-devendent manner with the densities of larch loo-
per pupae. Masked shrews showed a positive relationship to
the larch loovrer densities of Rennie and Telford plots,
while redback voles registered a similar one in Seddon's
Corner., The combined vopulations of the two mammalian spe-
cies cited above expressed a direct functional response in

Pine Falls vplot, whereas each individual species was not



indicating any response to densities of the larch loopers,

The field data analysis using the ‘nurae plan-
ting technique' confirmed almost all the ropulation pat-
terns as shown above. It was found that the number of pu-
pae destroved per acre was a direct function of the popu-~
lation of pupae per acre. Similarly, the number of purae
destroyed by small mammals proved to be also positively
density~dependent on the numbers of available pupae per
acre., Consequently, numerical and functional responses we-
re expected. As a whole, the small mammal populations re-
gistered vositive and direct numerical resvponses to both
the available larch loover pupae per acre and to the num-
ber of pupae destroyed per acre. Redback voles recorded a
positive and logarithmic response (log transformation of
purae: log ¥) to the numbers of larch looper purae des-
troved per acre. The combined porulations of masked shrews
and redback voles indicated also a vositive and logarithmic
response (log transformation of vupae: log ¥) to exist with
both the densities of larch looper nupae and those of des-
troved larch looper pupae per acre. We note that such res-
ponses fitted as well to a straight-line model, although
the logarithmic fit tended to be statistically significant
to a higher degree.

The functional response of small mammals to den-
sities of larch looper pupae were found to be of the same
positive patterns as those of the statistical analyses. The
functional responses of individual mammalian species fitted

statistically to the same straicht-line models as those
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lv in one redbhack vole stomach. Since the same mammalian
ropulations are also important nredators of larch sawflies
and possibly for other harmful insect species, the amount
of ingested larch looper material becomes very important

in the integrated control of such species., This is special-
ly true when the predation of those harmful species is at
its maximum, that is to sav in the late summer and fall
months. This fact was stressed in Figure 3 of the Pppendi-
ces for three sampling plots of the Larch Sawfly Team, whe-
re the numbers of dead larch looper pupae were inversely
related to those of sawfly cocoons: the ficure expressed
this relarionship to be linked by the formula

Y = a P (Y = larch looper pupae; ¥ = larch sawfly co-
coons) .

Furthermore, the calorimetric experiments per-
formed on larch looper puvpae showed that one gram of pupae
vielded about 4.5 times the calorific value of one gram of
sawfly eonvmph. Expressed differentlyv, for each 27 larch
loover pupae ingested, there are 68 ‘spared' sawfly cocoons.,
The "planting'® technique indicated particularly many mamma-
lian numerical responses to dead larch loover pupae for
densities (composed of dead numbers of npunae per acre) fluc-
tuating from U000 to 28,000 puvmae per acre. Based on this,
the number of ‘spared! sawfly cocoons fluctuate between 160
and 11,100 cococns per acre. Giving to each sawfly female
a reproductive capacity of 60 eggs, those spared cocoons a-
lone could rebuild a population at an eridemic level by

spreading in tamarack bogs from 9,600 to 666,000 eggs per

)
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acre, On the other hand, these 400 to 28,000 pupae des=
troyed by small mammals offer a tremendous sunply of ca-
lories spread in small amounts in the tamarack bogs. Be-
cause larch loopers are usually referred to as ‘solita-
ry defoliators® and because each indivicdual pupae repre-
sents a high source of energv, one can speculate about
their importance as natural caches which are always rre-
sent and available in the bogs at times of food scarcity.
The importance of larch looper pupae in the
diet of small mammals is emphasized by considering their
period of anpearance in the bogs. The stomach analyses
showed that both the larch loovrer and larch sawfly mate=
rials were ingested readily as soon as they formed a new-
ly available food item in tamarack bogs., Considering that
the sawflv material is present in tamarack stands (as a
new food item) from June to late August, and knowing that
the larch looper material appears in July to last until
late October and probably mid Novembher, the imnact of the
latter food item on small mammal poprulations is certainly
important. Despite the imvossibility of knowing the real
effect of larch looper pupae on individual small mammals,
it is possible to speculate on the impnortance of this late
occurring food item on the determination of future small
mammal populations. To what extent this food item is impor-
tant for the small mammalian fall and winter survival is

probably impossible to determine. Fut it remains that this
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destruction of U400 to 28,000 pupae per acre is accomplished
within 2 months of the fall season. 2s Table 19 shows, this
destruction could serve unicuely to sustain the metabolic
requirements for any one individual small mammal for this
entire 90-~dav reriod. Alternatively, this destruction could
as well feed one individual of each small mammal species up
to a neriod of 20 davs, and very likelv for a lonager reriod
since not all mammalian svecies were found with larch loo-
per remains in their digestive svstem. Furthermore, this
larch loorer material cannot he qualified as a recular food
item such as sawflies (even when this material is availa-
ble) because of the verv low percentage and occurrence of
loopers in small mammal stomach and intestinal analvses,
This stresses the fact that small mammals would act as in-
dividuals rather than vopulations, where some small mammals
of some species would prev on this food item for a certain
period,

The importance of loopers as a dietarv source is
also shown by the fact that female shrews and redbhack voles
expressed a tendency in their preferences to choose larch
looper pumae over sawfly cocoons, Whether or not this is re-
lated to the energetic reaquirements of females when giving
birth and nursing young late in the summer or early in the
spring is merely speculative, The stomach analyses indicated
that larch loover remains occurred indiscriminatelv in bhoth

SeXes,
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Figure 1. Field data concerning the collections of larvae

of the main insect species of tamarack bogs.
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Figure 2. The analysis of the total mortality of the
ground-inhabiting stages of the main tamarack

defoliators of Manitoba bogs.
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Figure 3. Relationships between the larch looper and the
larch sawfly ground-inhabiting stages as shown

by the number of dead individuals.
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Figure 4. The small mammal populations of Manitoba bogs.
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Figure 5. Larch looper populations in generation n+f in
relation to populations in generation n, with

both expressed as common logarithms,



3HOW/ STIVAINVIA. 1TTIVIAIS

#1 21 O 8 9 » 2 pt 21 O 8 9 y 2
I 1 ¥ ] 1 -@ -\ i ) 1 ¥ i I 1

-2
- o
3
- w e
g
— m m.
4
w
(%G6<d)9b6 0= o'
XD .. &
-2 8
e
-v1 8
(%06<d)£68°0=4 ®

/ %q+0=ABoj -8t

é
- 81
m ——

34OV/ STTWWINVAL TTIVAIS

¢t 01l 8 9 ¢ 2 S ¥ ¢ P4 |
T T T Y T T9] T T T T T -
g I3 c
-0l O v o R4
5] © .
o [e]
H4a @ 9 @ 9
17 7
® € o .wa
Y @402 W. 8 2 8
2ezo=s 7 E 3
xq+D=4 Boy ° 162 & 4018 m_v_
7 ) =) [ .
"\ 2610= 4 8 & v
~ ~
XG4+ D= A - m ] o oy
2 3
o© ©
4 = 4 H2v
3 z
o)
. e 4 ™ ® ala4
97 a1 v -

cOI% 2i00/80dnd pstyiolweg poaQ)

go| %2400/ 8odnd osiyjoIWeg poaQ



182

0 0 €°¢ 0°9 0 0 LLL SLl 3961
0 0°1 Lol 6°9 0 L gl LOL LS6L
L°¢ 0°1 [ 1°8 91 Z LoLe 69¢1 9561
L1 0°1 ¢ €9l S L 9906¢ 0GCH 5561
9°¢ 6°1 6°¢C 6°4 nLe 6l 6lLc 0591 1S01l
L°¢ 2°1 € < L°L 8t 83 LLLE €sle £Sol
L°¢C Ll 8°¢ ¢ L cel Sl 9nee 9G1¢€ ¢solL
L°¢ ¢ < S°¢ 6°S Lt 8L 0SL9 LL6d LG6l
0°¢ € 0°n 1°8 Sl 65 169L Ling 066l
G°¢ 0°¢ 9°n 6°L Ul <L €288 S09¢ ool
6°¢ €°S £t 9°y 911 Lie 066¢ 929¢1 ghiol
0°1 10 L°¢ L°8 gl 0L ¢50¢ cayl Lol
£°e €< ¢°¢e L°el €S <6 gLoc cuog 9iel
0°1 €L 6°¢ L°h 4 << 061l SLh Si6l
$°6 0°¢ 8°¢ 1°9 LS gl gZoc 869 fineol
0 0°1L A L°h 0 4 ceLl 0ce guol
0 1°1 c°¢ 6°¢ 0 Ol £8ut SRk ol
0 <l L°¢€ 0°L 0 6l LB8EE LGS Lnel
) (AR n°e 9°¢g 0 8el ened 064 onel
0 9°1 9° 1 0°9 0 LL Lzoe 06 Lol
*TOOTY TUSMO ©TIRUDTS @3R[NIRUXSS *TODTY TUDMO RTIARUDTS BIR[NORWKDS

Iieax

UOTIDOTTOD/3eAIR] °OU U POIDDTTOD BeAIRT °ON

. ‘(€961 (°p®) °0TIURLd

I93Ie) epeur) SS0A0R POIOOTTOD @eale] °dds BSTYIOTWOS JO ILqunu 9YL °| ITdEL



183

TR A mN@NtummWOH mmooonmm
€€8°1L 89 s3inpe
€61L°C 986°¢ 00°¢~- L0° €°66 ¢L96 srvdnd
00lL° 980° 1 0L°0- 6L"® L°0¢C L6LZ1 orATeRT
LoL° Lueq 91°0= 69° 0°L¢g L99LL sbbo G961
6
692°c=41 LG Z-= sboTt hmoo,nmm
698°1 1l satnpe
zoL°z¢ LLS h 00°Z- Lo* £°66 0GZLE sednd
gcQ° 9¢9°1h 90° 0~ 88° 8° 1 6n2ZZHh DeAIRT
AR 8EL°S LG° 0= Le® Z°69 £9cLEL sbbe 7961l
I3} 5
Seh°L=X 61°L-= SHOT ZZ€0°= S
LLE®E SL0¢ s3Tnpe
666° 9LE"h 00" L= oL° 0°06 €LL0T sednd
g8stL* WLt h GL°0- oL® 1°0¢ SLL6Z seAIRT
gce” ZL8°h HE® 0= 9%° L°hS 96819 sbba €961
869 ° L =1 63°1-="5B0T  6eL0°="s
Lw0"¢€ nLil s3Tnpe
zot° L e6htr°h o L= 70" 6°56 0zL8¢ srdnd
cLL” 2Z9°h LL°0= L9° 6°C¢€ G06Lt orAXRT
gze” Sh6° 1 ZE€° 0= 8n° 7n°2S Z1088 sbbe 2961
X -
pre 5 »OT 3O ple % %
anTeA-3 T OOH UIOT mSE..mE g @oo_\ T X
L 9 - i ¢ z L

SUWNTOD

aTUUDY °®

- ° (e3eTnORW
-xas°g) suotizerndod xadool yoaey usexb oyz Jo sIsATeue a7dqed SITT UL T ST9RL




184

6 . 6
#780° €= 6c°z~= SbOT Lh00°= S
Gt8°0 L s3Tupe
889°¢ £€6°¢ 00°Z~ 10° 8°66 60t€E sednd
LSL® 069°¢ GL°0=- oL 1° 0€ 868t oeATRT
6E€T° 626°¢€ 72° 0= 8G° €°2Zh €848 sbbo 6961
‘ 6 . 5
€€9°Z=y o1°Z-= SbOoT o0w00°= S
z9¢°L €2 s3Tupe
LEZ°Z 666°¢ 00°C¢- Lo° 11°66 896¢ oednd
ZEL® LEL®€E €L°0- wee €°9¢ €8€G orATRT
192 ° G66°€ LZ° 0= 7g° 9°G4 0686 shba 8961
5 b
ho°Z=x ZL°Z-= ShOoT GL00°= S
662°C 661 s3[npe
L29°1 026°¢ oL L= Zo° 0°86 0Zg8 ordnd
0Gz” oLL GZ° 0~ 9G° L°Eh 88LtL sesre]
cLL” ene*h LL° 0= L9° 6°C¢ L202¢ sbba L961
5 b
6G9° L= 29°1-= gbol ggzo°= S
Lhh° ¢ 9L2Z s3Tnpe
18l L z29°¢ GL L= L0O° n°€e6 G8Lh oednd
Lee® £68°¢ €z 0= 6G° Z°Lh EANA 1N Ay
Lhe” 001 °% 7Z° 0= LSG”® f°ch 986271 sbba 9961
, ®s bor 3O % < (%) %
snTeA=3] T bot WUIOF SNUTW g bool T X
L 9 - f € 4 L
suunToD

*pPONUTIUOD °® 7 OTJelL



[Ye}
(o]

b

neeg L= ge°L-= shoT 8LHO°= S
698°1 7L s3npe
L2S” 96£°¢C 25° 0~ og” €°0L 64T srdnd
£ng’ 6£6°C 1G° 0= 62 ° c°LL 698 seAIRT
n9z” €0z°¢ 9z° 0= GG * G°G4 G661 sbba 9961
5 I
868 ° =M tg°L=-= SPOT <¢cHL0°= S
Zhetl A4 saTnpe
69L°1L 11G6°2 GL°L- L0O" z°c6 neeE srdnd
0Lh”® 186°¢C Lh° 0= ng” Z°99 856 orvaxe]
6L " 00¢2°¢ A 09° 9°6¢ 9861 sbba G961
b B
698 °1L=1 26° L == m@OH 6LL0C°= S
heZ° 1L 91 saTnpe
LoL°tL SSh°¢ ZZ° L= 90° n°he G8¢ ordnd
zeh LL8°T Zn° 0= gg° Z°29 nGL orAaTRT
98¢° £91°¢ 8z° 0~ ZG° 1°84 7SH1 shbbho 1961
B 5
B 'l ez GDOT mme—e= G
- - saTnpe
——— 6til ¢ ———— - - L1l ardnd
LS9 908°¢ GG°0- 8z ”° 0°8L 09 srvaTRT
60€" GLL° ¢ LE° 0= 64° 6° 05 €0€L sbbo €961
b 6
LZET=A gg°z~-= sboT Zn00°= S
9G66°1 9¢ s3Tnpe
GG9° 1 RRALS oL L= Zo° 8°L6 29l oednd
gLg” LZS°¢ ze° 0= g4 ° L°LS €9¢c¢ arvAIeRT
96¢” €88°¢ 9¢° 0~ th e 0°9§ 8€9L sbba c961
X
% s bot zO % «_ (%) %
anTeA=3 T bot WIOJ snutw g boot 1 e
L 9 G f € r4 L
suuinTon

pPAOITI™L °q



186

*{L+X) 03 0 IFO

UOTRRWIOFSURILL

6 B
Lil =) gz°z=-="8HOT €900°= S
- - s3Tnpe
nnnnn 000°0 o o o ——— = o e L aednd
0h6°¢€ 0h6°¢ 00°2~- 10° 6°66 *LLs seAxe]
L0Z° LiL°h 0Z° 0= €9° 0°LE Gh8el sbba 6961
s 5
0cl * =Y 9g° g-="5HOT 4000°= S
000°0 ! s3Tnpe
63L°¢ 638L°C 00°¢C~ L0° 6°66 G1L9 sednd
LEL®L 026°¢€ GL L= LO°® 9°26 €1€8 seaxe]
oLe® 0EL°h LZ° 0= z9° f1° 8¢ L6hEL sbba 8961
6 b
986°¢=1 Go°g=-= SHbOT 6000°= S
el z¢ saTnpe
ot19° 1L 786°C oL L= zZo0° L°L6 096 oednd
Zho° L 7120° 4 S0° L= 60° 6°06 €LG01 oeare]
n0g"® 8ZE°H 0€°0- 0G° £°0G 96212 sbbe L96L
pd
g bof 3O (%)
md..mm.?a.vm X.m DOH WIOJ mﬁﬂ‘m.& Km wnmuoo_‘ NH X
L 9 g f ¢ Z L
SUUMTOD

*penuTiu0) °q g OTJel



187

091 ° 2= wommanmmmoﬂ mwoosumm
€18°¢ 069 s3Tnpe
065°1 con°h 2s° L= €0° S°L6 68262 srdnd
cLe® 08L° % LE®O- €h*® 0°LS L6209 sreAxeT
L6l° LL6 6L°0- n9° 1°9¢ Z08h6 sbbe 9961
6
g8glLz=1 hrgmaummmOH 8900°= S
L€8°¢ 8L9 s3Tnpe
699°1 00G° oL L~ z0° 6°L6 069L¢ orednd
182° L8L°H 8z°0- zs”° 9°Lt €LH09 oeae|
8g1L° 696°1 6L°0~ G9° L°G¢ 060€6 sbba G961
5
oL °L=X moemsummmOH 0800°="S
66L°C 0€9 saTnpe
€0E°L Z0L°H 0E° L= G0° 0°S6 9€921 oednd
€hee® SHE R 09°0- geg”® z°SL 8€LCC seAIRT
tieL® 656" 1 6L°0~- ©9° 0°9¢ Z65h¢E sbba 11961
o e o e 22 Y] aaananbmmoa usasunmw
001L°¢ 9Z1 s3Tnpe
S08°¢ S06°H oL°Z~- zZoo° 8°66 09€£08 oednd
o > e e 0 e oxm = o o oo o e e ] o e o0 e aealeT
e o s <o o o s 0 e @ am o e o e e s e = oo e00 o0 e @ o o= mm@w €961
[
656 ° =3 »w@oanommoﬁ 06EL°= S
G96° 1 05226 s3Tnpe
000° 596°1 00°0 00°1 0°00 05226 oednd
0L9° SLG°S 25° 0~ 0€° L°0L G1L96GLE SeATR
6hE"° n26°G GE° 0~ Sh° €°6G HZE0hS sbbo Z961
X
% s boT j0O « <. (%) %
anyea=3 1 boTt WIOCT snuTw S booL T %
L 9 - f € r4 L
SUUNTOD

IDUIOD $,U0ppas °o



188

B 5
80Z°z=1 L1°C== SHBOT 8900°= S
L0s"¢ zee s3[npe
enLeL 0sZ° 1 oL° L= Zo° Z°86 68LLL sednd
9¢¢” 9Lf1h €T 0~ 65" 9° 0t 6266¢ veATRT
6EC” GLLh 9¢° 0= 8g~* 6°Lh L118LG sbbe 6961
3 5
289°0=M 89°0-= sbOoT 060C°= S
§60°¢ 9cil Sy Tnpe
000° G50°¢ 00°0 00°1 0°00 9c1LL oednd
Len® 9Ly "¢ AR 8¢ *° L°29 1662 oeATeT
Loz LELE 9¢° 0= Gg° LG 65HS sbbho 8961
998 ¢=3 89°¢-="5560T 1z00°="s
9Z8°1 L9 s3Tnpe
L6L°¢C LLO°H 06°¢~= LO° 71°66 Lol ordnd
G8L° VYA 6lL° 0~ G9° 9°he €L651L oenre|
06i° Z69°h 611° 0~ ze” L°L9Y €GZ6h sbbo L96G1L
- xm Hor jo Y «
QNTRA-Y T @O.m Loy snuutu umw VHUOO_\ T xz
L 9 S f £ Z L
SUWNTOD
*paNUIIUOD °O ¢ o[qe.l



189

20T L=) G0°L-=PsBoT  §680°="g
LGaL ¢ 0€95 s3Tnpe
L89"° 8EH 0L° 0=~ L0° £°66 OnhLe oednd
00z”* 8€9° Y 02°0~ LG® heEn LShER oesIR]
sLee €664 gL 0= efr° €°6¢ 1LL68 sbba 9961
° L] |@11\. - ° m.v ~
H0G° L=M 8t1°L=="850T (gg0°="8g
heLte L9¢C1 syTape
087°1 f19°t CE° L= G0° £°556 8958¢ ordnd
000° L9 00°0 00°1 0°60 8968¢ PrATRT|
t2zo° 8€9°1 8L° 0~ 99° € ng cLuEN sbbe G961
5 . b
Ol L=y Li1°L-= sboT ¢890°= &
6L9°¢E CLLT s3Tnpe
7€6° €L9° ¥ 96°0- LLe 1°68 8L6EN aednd
000° €L9° 4 00°0 00°1L 0°00 SZO0Lt PeAIRT
902" 6L8° 7 LZ° o= Z9° 3°LE L8659 sbbe h961
G09"L=) 19°L-="850T 5hzo°="5
nLs°¢ HSLE s3y(npe
060°1 199°h oL° L= 80° 6°16 HOL 97 ordnd
h8¢° 86" # 8¢° 0= ¢s® 0°817 15988 oeaxe|
Lee:® 6LL°G €C° 0= 65 ° €°Lh L00LSL sbbe €961
N . b . ..b
SLL®L=X LL°L== 8DBOT ¢L10°=S
egle €251 s3npe
LLe L et g L= G0° 1°S6 88LL¢E ordud
901" 009° % LL° o~ gL® 9°1¢ z086¢ svATeT
8g¢” 8661 9¢° 0= e ¢° 95 89806 sbba 2961
x *s ot go : (4)
ONTRA-I T boT WIOY SnUTW ®g XbooL X1 %
L 9 S f ¢ Z L
SUWUNTOD

STTRed OUTd

GM.V



190

. 6. . b
L6l z=x1 1 °¢=-="5hOT 2L00°= S
GZ9°2Z ZZi s3Tnpe
zaLclL L9E "1 OL° L= zZo° Z2°86 8LZET ordnd
AT 6L9" N GZ° 0~ 9G° 0°h 09SL 7 oeAlRT]
L6L® 918°1 6L°0- 79° G°9¢ LLTS9 sbba 6961
5 . I3
700°¢=) 70°¢-= SHOT ¢600°= S
L69°C 861 s3tupe
65€° L 960° 4 on° L= 710° 9°G6 18ELL sednd
000° 950° % 00°0 00°1L 0°00 8ELL seaTe]
GH9° LOL® W 719°0- e €°LL GZZ06 shbo 8961
® o h.u {1 ° .mu -
L9L°T=Y L9°¢-="8bOT GZ00°= 8
LGL°E LZh s3Tnpe
L89° 03L°n 00°2- LO°® €£°66 0L209 sednd
9nz° 920°6G ng® 0= LS® n°En LZE90L eaIe]
LLE® L6E°S LE® O~ €f° #7°LG 0GL6HEZ sbba L9961
] *g por 3o o (5) “
mSHWﬁPHM kn.m UO-_” WAOJF w,D.Q,.mE Nm Uoo_‘ T X
L 9 - f € Z L
SUUNTOD
*PBNUTIUOD °P 7 9Tdel



191

B
—————= cemee="GBOT mmmmm=lg
- - s3Tupe
——— 0Z€°n o e ——— ———— 86802 srdnd
Gge° GLS ¥ GZ° 0~ 9G° t°hh 09GLE orAIRT
9z2° L0881 €2° 0~ 6G° 9°0h 9€2€9 sbbeo 5961
s IS
L22°E=0 6L°G=="8DOT 9000°= 9
z09°1 otf s3inpe
Liace 6L0° W ot t— 700 ° 9°66 0SH01l oednd
116G ° €L9°h 3G°0~- 9¢z° S L 8L601 PeareR]
912" 6¢8° 1 L2 0~ L9° €°6¢€ 88HL9 sbhbo 71961
5por ceeneP
3ot ° L= Lt L-=35boT ¢eg0°="8
708°¢ LEY s3npe
9L8° 089°¢ 68° 0= L L°98 18L4 oednd
£ne” £26°¢€ 7Z° 0= LS 6°¢h Z8¢gs oraIRT
68¢° AR 82°0~ LG 9°8t LOE9L sbba £961
Ie) b
901 °Z=M1 i ¢=="6bOT L£00°= S
£E€C°¢ LLL s3Tnpe
896°1 LOC " 4 00°¢- Lo*® 6°86 9L86G1 oednd
791 ° S9g° 4 91L°0~ 69° G°LE Z8LEC srvaxeT
1Leg" 6E9°h 8¢° 0~ €G° L° 91 SehEh sbbo 2961
X
s bot zoO % « (%) b
mwSHw\/.ivm T muO,_” WAOZ wﬂ.ﬁ,.mmww g UOC_\ T X
L 9 g 4 3 4 L
SUUNTOD

UOJIDATY

=



*(1+¥) 03 0 FO UOTIRWUIOISURIL

9

001 °G=M jmemunmmmoﬂ hmoo.nvm
————— - s3Tnpe
- 000°0C e - o o 0 ardnd
9G68° 1 958 ° ¥ 00 ¢~ Lo° 6°66 *ongLL oeareT
nhe 00L°S 7g° 0= LS°® 0°ct 656621 sbba 6961
SLG° h=M1 mmsmnummmoﬂ mrooonmm
000°0 L s3Tpe
889°¢ 389°¢ 00°¢~ L0° 6°66 TeL8h oednd
716S° z8z° 4 09°0~ Ge”© 9°hL 19161 seaze]
€ge” SLS°# €C¢° o~ 6G° ST Ln €GLCE sbbo 8961
@ r -~y © hv [ ° .@;
088 °Z=M g8 == 8HOT §100°= S
0Z8°1L 99 s3Inpe
ziL°e Zhs°h oL = 200° 8°66 098%¢ srdnd
000° Zhs°h 00°0 00°1 0°00 098%¢ orAaIR]
861 ° 00L" % GL 0= oL"® 1°0€ 90108 sbba L9961
- )] mmmme=PgB0T an-suumm
= o o o B sy Tupe
- 698°S ————- - ———- 8L6SEL oednd
o e m o o e e o o o e = B B orvAIeT
= e = o e - o e - e o [ - sbbo 9961
« %3 botr 3o « L« (%)
anTea=-3 1 bot WIOY SNUTW g ‘Dooy 21 X
L 9 - 1 € Z L

SUWUNTOD

*pONUTlUOD °S 7z 9Tdel



193

& o~ I ° mvw € o .@
z290° €=M Zl°¢g-= SHOT 8000°= S
188°1 9L s3Tnpe
6L GZ8°¢ 00°2~- L0° 6°86 0699 sednd
2s0° L LLS N 50°L- 60° L°16 082SL orvAIRT
990° che LO° 0= 9g° zul LZLLS sbbho L9961
B
597°¢=y Njem:ummmoﬁ 8€00°= S
9ne*e zze s3Tnpe
hh8°L 06l °t 00°¢=- LO° 9°86 98161 sednd
€9L° £GE°H 91°0- 69° €°L¢E 35622 srAIRT
8G2Z" L1t 9z °0- Gg*® 8° it t19801h sbbo 9961
[ .
L9g° L=} 78 ° L =-="35b0T msﬁoanmm
016° 1L L8 saTupe
ong°lL 08l°¢ zze L= 90° Z°t6 Z1LSG1 sednd
Lih® 16G°¢ Lhe0=- 6€° Z°19 §68€ oeae]
oLe® L08°¢ LZ° 0= Z9° t1°8¢ ©12€9 sbbo S961
o .
-z e ==V GHOT —mmmm Pg
e e - gs3inpe
———- 018" 1 ————- - —-——- 0€269 srdnd
9LL° 966° 4 LL°0~ LL® °¢e Z29€06 oreATeRT
6LT° Gez°s 82°0-~ €G° e Ln LSLLLL sbbe 71961
*s por 3o ) < (8 «
aNTRA-Y T boTt WIOT SNUTW Vm booL T X
L 9 - f1 € 4 L
SUUMTOD

utMIRg °3F



194

8 -~ m. o ~ © nm
6L, =) 6€°¢=-= 8DbOT L#00°= S
8L 61 s3Tnpe
0€€°T 809°¢ 00°C- L10° S°66 150% sednd
L9L°® SLL®C L1°0- 89° 6°LE €666 seAxRT
zee” L66°¢€ A 09° L°0h 1€66 sbba 6961
0L0° 2= 00°¢=="550T 6600°="5
G20°¢ 901 s3upe
LzZ°1 9ne¢° ¢ ze L= 90° 0°h6 €9L1 oednd
9zG° ZLL*€E ZG° 0~ 0g° Z° 0L 0L6S oeaxe]
€9z° GE0° 9z ° 0~ GG° GGy 8€801L shbe 8961
®5 bor 3o . o (%) %
DNTRA~-Z] XH @OH WIO I w:ﬂ,.ﬁu g xUOO_‘ H ®
L 9 g 1 ¢ 4 L
SUUNTOD

"PINUTIUOD °F ¢ O[YR



195

*(1+x) 03 ¢ zJoO UOTIeWMIOFSURIT, 5

5 . b
S0Z° =4 €G°Z~="8H0T 6z00°= S
000°0 L s3Tnpe
LL9°€E LLY°€E 00°2~- L0° 6°66 WSLy oednd
86z° SLG°E 0€° 0~ 0G° L°6h Lute srAIeT
g S0Z° 1 £€2° 0~ 6G° LLw L1091 sbbs 6961
5 . 5)
L9Z° L=M ¢ l== 38bOT 9960°= g
LS80 ¢ il s3inpe
L8z nhE°g 82°0~ zG° °8h 12¢ sednd
9GL"° oolL°¢ 1L ° Q- 8L° G°Z83 0921 oraTeRT
wee”® tze ¢ 2Z° 0~ 09° €°0h 6012 sHbo 8961
@ - 3 = ° .mu 7 - ® m
629° =Y 99°Z-= SDOT ZZ00°= 3
€no9°l i s3Tupe
896°1 LL9°¢g 00°¢- L0° 6°86 0801 srund
oLy LZ20° 1 Lh°0- 6g”° 8°09 60701 SrATRT
Lsz° XA gz 0~ 9g° #°hh €TL8L sbbo L9961
X - —
. s bot z0 < (%) .
anfea-3{ kﬁ bot WIOI sSnuTw xw A@omr xH e
L 9 g f £ 4 L
SUUNTOD

uosbpmgy *H



196

*TOART % 06 € ATTTRQOId +
*TOART § G6< AFTITURUOA]

s e 66C° 0= 08%°0 7¢Q0° 0~ 00S°0 9101°0 Lhe° 0= (L+U) TUSMO*g
SA
(u) TUsmo° g
aaaaa 820°0 *mrw.o hoL° 0~ LE€TL°0 £€68°0 LOW°0 (L+U) TUSMO° g
681L°0~ LLET O~ gLL®o heg* 0~ LZ0° 0~ 08¢°0 L22°0 {U) TUSMO* 3
aaaaa .068°0 6EN° 0 6911°0 0€0°0 €10°0 G02° 0~ (L+u)etaeubrs g
® SA
(uyetaeubrs° g
aaaaa L00°0- %whwoc 9atr° 0~ +mm@,o L60°0 CLH° 0= (L+U) TUsMmO° g
662°0 Zic®o BLH®0 LEC®O Zhu® o 8¢L°0 L0000 (u) Tusmo-°g
‘‘‘‘‘‘‘ geu° o0 9L1L°0- 6uH1°0 £€8G6°0- €9€°0- L61L°0- (L+u)eTaeudbrs g
188°0 £69°0 8€9°0 295°0 9L1L°0 96%°0—~ L8H°O0 (uyetxeubrs°g
- e 7LE° O~ LLO0- S00°0 SG1°0 €00°0 2€Z°0 (L+u)eyeinovuxss g
SA
(U) el e TNORUIXDS 5
STTRA IDUI0OD
UOSHPOH UTMAIBRQ UOJIBATY DUTJ S,UOPPOS PIOITSL STUUIY
sTsdATeur jo adij
sonTeA I

° (sdexy burrdues A peloo[IO0 SeAIRT UITM) POYIL2UW UOTILTIIIOD YL
Aq posATeue se orvAIRT I9dOOT ydIeT JO sotoads ¢ usomlaq sSATUSUOTIRTSY °f SIJRL



197

*I9A9T § 06 ¢ AFITTTARAOId +
"T9ART § G6 € AITTTYRAOAd #
*TOAPT 4 66 € AATTTYRYOAd 4%
LOE® 0= LuZ°0- 88L°0- 22¢0°0 GLZ°0  €8Z°0- (L+u)oxoe/oednd tusmoO°g
SA
(u)vaoe/sednd TuUSMO®Sg
¢6L°0~- 690°0  £82°0- 087°0~  LEE°0  LZL°0O (u) @aoe/sednd tusmo g
SH0°0= L90°0~ 8ZL°0 625°0 896°0  9¢0°0- (L+u)exoe/eednd Tuemo g
66C°0~ _8E6°0 SLh°0 LLL®0=  S$2°0 LGL° 0= (L+u)eaoe/eednd eTIRUDLTS S
! SA
(u)oaoe/sednd eTIRUDIS Y
Ll 0= ,66L°0= LSE9°0 6L7°0=  LZO°0  0SL°0- (u)oxoe/Pednd TUBMO®S
le6°0 ELi®0- %th.o 9¢¢° 0~ €8€°0= L2970 (u)sade/oednd eraRUbIS g
om0 0= L98L°0 “Licto- S8f°G=  9GL°0- 18f°0- (L+u)oxoe/sednd TuaMO"g
SSL°0= "89%°0~ €£S0°0 60L°0=  67E°0- 9EL°0 (L+u)sxoe/sednd eraevubis° g
L91°0= 8LL°0~- LLE°O- 609°0 9920~ 8170 (L+u)eaoe/eednd PRETNORUXVS° S
SA
(u)yaxor/eednd ejeTnoRUXSOS g
STTed AQUXOD
uTsaIRg UCTIDATY QUTJI S, Uo0pp=23 PIOITS] QTUUDYH

senyea I

sTsATeue JO odAj

*pPOYRdUW UOTIFRTDAAOD DUl

Aq pesAteue se oednd xadool yoael JO sotoads ¢ usemMlaq SATYSUOTIRISY °§ oTYed



198

*ToART % S8 € AITTTARYOI ++
*TOART 4 06 < ARTTTIRUOId +
*TOAST § G6 ¢ AITTTURYOAd «
"TOART % 66 € AITTTURYOAA 4
aaaaa 6LE" 0= 180°0~  9L0°0- E0L°0 0en°0  ,.559°0 (L+u) Tusmorg
,666°0  69€°0 9€€°0-  6EE°0- +L69°0 L710°0=~ 44858570 (U) TUSMO® 5
aaaaa 9L9" 0~ ¢8L°0  44%95°0 +4+89G6°0~ 0 90€° 0~ (L+u)etaeubrs s
¢9L°0~  108* 0= §9¢*0 50670 ¢LE®O=  CTO00°0-  6LN°0 (u)yetreubrs’s
uuuuu L9%° 0= 051°0=  0§1°0 L0S°0=-  818°0 LnE 0= (LF+U)eleuoruxss g
§2¢€°0  0LT O~ L10°0=-  Lé6h"0 080°0  JlE9°0 g0~ (U) e3RInORUXdS g
SA
(U) TTUOSYDTAD" g
STied ADUIXOD
uosbpoll UTMIBRI UOJASATY 2UTd £,U0PPSS  PIOITDL aTuuay

soantTeAa X

STSATeUR JO BdAj

* (sdexy Dutidumes

AC PO3DOTTOD SRAIRT UYITA) POYIDW UOTIRTIIIOD 8yl Ag pPasATeur

se oerAJeT ATJMes yoxe] pue I2dooT yoieT oyl ussmiladq SATYSUOTIRISOY °G OTded



199

*ToADT
*ToADT
°ToADT
*ToADT

of

=

o/

S

[

B

74

98  AZTTTURYOId ++
06 ¢ A3T{TURYOId +
G6 L AFTTTURYOI %
66 & AATTTYRYOAd s

LLL®O §9L°0- CLT'0- | SHL"O LOL°0= 18G°0 (¥) oxouv/oednd TUSMO®S
SL0°0-  68Z°0-  €68°0 90€£°0-  §SL°0  SOL"0- (u) oxoe/sednd erreubrs‘s
86°0- 89070 " H9Z°0 L9G0=  H9H"0- L€59°0~ (u) @xve/oednd EIRTNORUXSS®S
SA
(u) ®10€/SUCODOD TTUOSYITID®J
80T 0= ,6L9°0= LZT"O E00°0  ,6LY9°0  €£G°0 (L+u)o1or/oevdnd TUOMO®S
LZL®0= ~960°0  98%°0 89€°0- HCE0 9SG0~ (L+u)oxoe/oednd BTIRULTS® S
§0S°0-  00C°0  LLZ®O LLE®0=  8L0°0  6£5°0-  (L+U)aI0R/9ednd BIRTNORUXIS®S
SA
(u)ox0r,/sSUCODOD TTUOSUDTID®Jd
sTTed I9UIOD
UTMIR] UOJFIDATY QUTJ S,U0pPpPes PIOF[IIL STuuUy

sonTeA I

*pPoY}SBU UOTIRTIAIOD dYl} A( posATeue se suoTjeindod ATymes yoae

pue I9dO0T yoie[ FO sS9HBRS DUTITUeYUT-punoxb ayzy Huouwe sdriysuoTrielay

*9 STYRL



200

——— et ——— LS g 99 Le 69-8961 T®3IOL
o e 6 ———— Le L L 4 S3U=poY
——— i€ ——— 0f LC 6h S¢ SPI0ATIO9SUL
—— S°¢h L°6L 9°6L Z°6S 0°¢8 €°69 89-L961l T®3lOL
- L°LE 9°CH h°Le 9°LL Z°fiL 71°02 S3UIPOY
e 1°9 §°G¢ [ANA 9° Lt 8°0L 6°1¢ S®I0ATIOBSUL
- Z6 8 L8 ¢8 €S L £9-9961 TBIO0L
———— S 6¢€ 91 Zl 6 k4 S3ULpOy
——— L9 S S9 oL it LG S9I0ATIO9SUTL
——— 86 81 LS Lt 6S L9 99-9961L T®3IOL
——— 91 S 6l ) 9¢ Li S3ULSPOY
——— Zh ch ch i €¢ 0§ S910AT3098UL
———— 71°6L °98 L°08 §°S66 0°¢6 S°H8 S96L-1961 T®IOL
———— 8°049 L° 0t L°9¢ S°hS 8°¢¢ §°ng S3ULpOY
——— 9°8¢ 0°91% 0°ht 0°Lt Z°89 0°0§ S3I0ATIO9SUL
——— ——— 0°9¢ 0°8¢ 0°¢e 0°¢2 0°Lh 79-¢€961 TBAOL
———- - S°g g°ee G0l §°q 0°6¢ S3UspPOY
——— - §°0¢ STl §°2Cl S°LL 0°¢lL S9J10AT3D98UL
——— e §°6¢ S°6l S°LL S°€¢C 0°91 €9-¢96l TBIOL
- ——— 0°91 S°91 0°0lL gzl St S3uspoy
- ——— S°el 0°¢ S°L 0°L¢ S°LE S9I0ATIOOSUL
sTTRd IDUIOD
UOSDPOH  UTMIR] UOJIDATY SUTd §,Uo0pPpPoas pIOITDL OTUUdY

yoxeT ‘sSueTOTUYD®], UDIROSOY 13I1S9I04 JO 3xodeg Tenuuy,

*(,0L6l-€961 SsoTWRUAQ uoTjzeIndod ATIMES

9y3 Io3ie)

sTewwewW TTRWS AJ POAOIISOP SUOOD0D ATIMeS UdIeT JO obejusdiad ayjp °/L 9TdelL



201

SZL®0 0 onL°0- 86€° 0~ 061 ° 0= €£50°0 (L+u)®a0R/TUDMO°® G

'8GE°0 0 GEE"0- | 0€6°0 6L5° 0= WLt o= (L+u)oxoe/eTIRUbTIS S

S18°0 0 LGh° 0= eMwﬁm,o €L5°0- GGh° 0~ (L+U)®idoR/e1RInoRuUXaS°y
N SA

(U)@xor/epnedTasIq g

%mmm,o 09L°0- 0 8¢S 0 €8€°0 898°0 A~+szHUM\ﬂmwﬁo.m
9LE" 0~ ZLL°o0 0 ZLeto- AV b €LL® 0= (L+u)sxoe/eraeubls gy
+m:m,o 9¢L* 0 0 0 +E18°0 0L2°0= (L+U)DIDR/BARINORUXIS®S
N SA
(U)oaorv/sSnOTa0IR° g
,886°0 S0L° 0= Z61°0 Lh0° 0= 4+C0L°0 $9¢L°0 (L+u)a3i0v/TUBMO" S
" 622° 0~ 4+C66°0 0 G9¢€°0 S09°0 S€C° 0~ (L+u)aade/eTIRUbIS S
VZnmwom,c ++186°0 LGL°0 €00 wee'o S6Z° 0~ (L+U)®I0e/RlRNORUXIS" S
) SA
(U)ox08/SNBIDUTO G
€Leo L60° 0~ SEL°0 9¢L° G- L19°0~ £€€0°0~- (L+U)@Ioe/Tusmo’g
S69°0~- 0ns°0- 0L9°0 78C°0- L8E° 0~ hs°* 0~ (L+u)eaoe/eTIRUbIS Y
690°0 Z19° 0~ 6 °0 6L0°0~ AR A £811° 0= (lL+U)dI0R/RleTNIRUXDOS°Y
SA
(u)saoe/Taxaddeb )
STT®ed IDUIOD
uTmIeq UOYIADATY SUTJ S, UOpDIg PIOCITOL sTUuayg
STSATeUR IO oddj
senTAR I

‘pPoyU3lBW UOTZRTIIAIOD 9YZ
Aq posATeue se osxoe xod s3iTnpe 19doOT UYDIRT JO SIOQUNU POILWTISO
°U3 pue 2ao0e xad suotie(ndod Treuuwrew Tews oyj usomiaq sdTysuoTieloy °g a1qel



202

*TRART ¢ 68 € ATTTURqOAd ++
*TeA®T % 06 € AITTTYROId +
*T9ART % G6 < A3TTTURYOAd &
*TOART % 66 ¢ AITTTURUOId 44
NG 0= 0 0 SLO°O ¢slL° o~ 651 ° 0~ (L+u)@x0e/TUSBMO S
61570 0 0 8S¢ 0~  enl-0- LOH" 0= (L+u)®1de/eTIRUDTS g
€250~ 0 0 0%S°0=-  669°0- 99Z°0~ (L+U)2ade/RlReINnORUXOS° S
SA
(u)oaoev/snotTuratasuuad iy
4466670 0 0 0 L20°0- WLZ® 0= (L+Uu)@I0R/TUSMO" g
L9€° 0= 0 L+06°0 0 962°0~- 0 (L+u)eaoe/etaeubis g
L186°0 0 4466970 0 #180°0- 0 (L+U) o100 /3R TNORIXIS ]
SA
(u)aa0e/snjeTnoTur® g
STied AQUXODH
utmied UOJIDATY SUTJ S, U0OppPasy PIOITOIL STUUDY

sonftea I

sTsATeue J0 adAg

*PINUTIUOD °§ BTgRI



203

Table 9., The estimated populations per acre of the green

larch looper life stages (S.sexmaculata Pack.).
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Table 10. The estimated populations per acre of the

brown larch looper 1life stages (S.signaria

e

dispuncta Gn.).
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Table 11. The estimated populations per acre of S.,oweni

[y
e

Swett. life stages.,
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Table 12, The estimated populations per acre of the larch
sawfly (P.erichsonii Htg.) life stages (after

the 'Annual Report of Forest Research Technicians,

Larch Sawfly Population Dynamics 1962=70°.).
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Table 13.

a, Clethricnomys

gapperi lorinagi.

Small marmal populations per acre (after the
‘Annual Report of Forest Research Technicians,
Larch Sawfly Population Dynamics 1962-70°.) .
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Plot 1963 1964 1965 1966 1967 1968 1969
Rennie 1.38 10.5 2,23 5,74 6,06 3.19 1,70
Telford 0.11 1.81 0.00 0,00 0,21 1,06 0.21
Seddon's 0.19 9.45 0,09 1.28 2,39 0.00 0.09
Corner

Pine Falls 3.08 10.7 2.87 5,53 5,00 2,98 5.32
Riverton 0,09 5.14 0,09 1.10 0.64 —e== e==-
Darwin eme== 8,51 0,21 3,19 5,74 0.217 0.00
Hodgson e mmme mem—— —=—= L. 36 0,43 6.38
b. Peromyscus maniculatus bairdii.

Plot 1963 1964 1965 1966 1967 1968 1969
Rennie 0.00 0.25 0.00 0,00 0,00 0,00 0.08
Telford 0,00 0,00 0,00 0,00 0.17 0,00 0.00
Seddon's 0.06 0,00 0.00 0,00 0,00 0.0 0.00
Corner

Pine Falls 0.33 0,7¢ 0,00 0,17 0.00 0.00 0.00
Riverton 0.00 0,00 0,00 0.00 0.00 =~=== ===
Darwin ee== 1,49 0,00 0.66 0,00 0.00 0.33
Hodgson e mmmm me=—= -—=- (0,00 0.00 0.08




Table 13.

Continued.

¢, Microtus pennsvylvanicus.

Plot 1963 1964 1965 1966 1967 1968 1969
Rennie 0,00 0.95 0,00 0.00 0,59 0,12 0.00
Telford 0.3 2,35 0,35 0.00 0.,47 2.00 0.00
Seddon's 0,1t o0.20 0,00 0.00 1.33 0.10 0.00
Corner

Pine Falls 0,00 0,12 0.00 0.00 0.00 0.00 0.00
Riverton 0,00 0.00 0.00 0.10 0,00 ==== o=
Darwin -==- 0.94 0.12 0,12 1.7¢ 2.00 0.00
Hodgson ———— mmme eeee -—ee (0,20 0,00 0,72
d. Sorex cinereus cinereus,

Plot 1963 1964 1965 1966 1967 1968 1969
Rennie 0.80 1,28 4,56 €.80 1.0 1,36 1,52
Telford 0.64 0,80 1.68 1.36 0.16 0.96 0.56
Seddon's 0.58 0,07 0.00 1,57 0,00 1.16 0.34
Corner

Pine Falls 0,80 0.48 1.60 1,04 0.16 0.56 1,28
Riverton 1.71 0.14 1,03 2,74 0,27 ==== ===-
Darwin -———- 0,72 0.88 6.32 0,200 1,28 O0,U8
Hodgson wm—— mmee eme= ———=— (0,00 0.00 0,88




Table 13.

e. Sorex arcticus.

Continued.

Plot 1963 1964 1965 1966 1967 1968 1969
Rennie 0,00 0,31t 0,16 1,33 0.31 0,08 0.00
Telford 0.00 0,00 0.08 0,31 0.00 0.08 0,00
Seddon's 0.00 0,00 0,00 0.27 0,00 0.00 0,00
Corner

Pine Falls 0.00 0.00 0,00 0,00 0.00 0,00 0,00
Riverton 0.20 0.00 0.13 0,40 0,13 ==e= ===
Darwin === (0,23 0,39 1,41 0,00 0.08 0.08
Hodgson cmmem mmee eeee eee= (0,00 0,00 0.00
f. Blarina brevicauda manitobensis,

Plot 1963 1964 1965 1966 1967 1968 1969
Rennie 0,00 0.00 0,45 0,36 0,27 0,54 1,71
Telford 0.00 0,00 0.00 0,00 0,09 0.09 0,54
Seddon's 0.00 0,08 0.00 0.23 0,08 0.86 0.55
Corner

Pine Falls 0,27 0,09 0,00 0,18 0,27 0,99 1.44
Riverton 0,00 0,00 0.00 0.08 0,00 ==== o===
Darwin w=== 0,19 0,00 0.36 0,00 0,27 0.45
Hodgson rmme | momee eeee -—-= (0,00 0,00 0.18
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Table 15. Food preferences showed by masked shrews (Sorex
cinereus) between healthy larch looper pupae
and healthy larch sawfly cocoons.

Animal characteristics

age sex

Food preferences

larch looper pupae

larch sawfly cocoon

23

th g

P I D D el D e

3 orh g BrhE3 e 3 RS B 35S rhthy t

- 3**)

72(35%*<on-1
=14y
%

4
180 (26% %=1
35(18%*~17%

i

*

136(43-93)
32(20-12)
40(18~9~-3-8-2)
96 (0-26-64~5=1)
24(0=24-0)
4(2~2)

106 (49-48-9)
106 (24-67-15)
49 (14-35)

319 (29**—ug** 170 g%+ 366 (59=40=176~91)

69 (28=34-7%)
51(20%%-23=8%%)
TH2(50%%~G0=22%%)
U (3h%*=50 k)
0(0**_0_0**)

18 (3% %mllm ] 1kk)
T(1%%=0—-0%%)

D5 (7#%=-29-19%%)
KX

0 %%
93(33%*%-U3=17%%)
17 (15%%=2=0%*)
148 (0**-80~-68%%)
10 (4% %k 5—1%%)

52 (20%%=3 2% %)

31(29-1-1)
61(25-29-7)
135(68-16-21)
0(0=~0)
0(0-0~0)

107 (284-53-30)
4(3=0-1)
3(3=0-0)

10

5

29 (0-29-0)
52(29=22~1)
126 (0=71-56)
22(2~-6-14)
43(25-18)

A=-adult
m=-male
f-female

* Numbers in parentheses refer to th

visits,

*¥* Visits cunulated over a half-day period,

e daily number of
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Table 16. Tood preferences showed by other shrew species
between healthy larch looper pupae and healthy
larch sawfly cocoons.

Animal characteristics Food pvreferences

species age sex larch looper pupae larch sawfly cocoon

S.arcticus A f 14 (6% %=3=1=3=~1%%) 38(9=7=5-=12-5)
: m 19 (5% *=12=2%%) 51(20-30-~1)
M.hoyi A m 57%% 23
A m 63(0*%%=1=35=26=1%%) 0{0-0-0-0-0)
A m T2 (4n%kaq0=18%%) 162(73=61-28)
A £ 20 (16%*=2=2%%) 103(3L8=31=-38)
A m 1 (1%*%=Q=0%%) 12(0-5=7)
B.brevicauda A £ 79 (6%*%=j0=11=19=25=8%%) 87(0=7=15-19=
$o~-6)
2 m U5 (12%%=1leb=T=6%*) 20(0=5=-11=4-0)
A £ 15 (9% %=2=2=2=0%%) 90 (4 1=31=8=6=1)
2 m 5 (U%*e3m 1 }=1%%=22=21%%) 53(3~11=18=U4=
15<2)
A - 98 (15%*%=26=9%%w7=15=6%*) 87(12-~13-5-
20-27-6)
A-adult
m-mnale
f-female

* Numbers in parentheses refer to the daily number of visits.
**% Visits cumulated over a half-day period.
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Table 17. Food preferences of 24 redback voles between
healthy larch looper pupae and healthy larch
sawfly cocoons,

Animal characteristics Food preferences

age sex weight(qg) larch looper pupae larch sawfly cocoon
Sa m 19.2 118 (25-69=14~8=2)% 171(26-129=~12=4=1)
Sa m 18.2 237(102-64=39=20-12) 246 (120-82-15=14=15)
A &l 21.7 12(6=4=2~0~0) 22(12=5-2=1=-2)

A m 20.5 14(13-0-0-1=0) 227(129-6U4~23=0~7)
A f 22.3 24 (2-0-3-11-8) 9(5-1=0=3-0)

Sa £ 19.1 125(31-3U4=16=-18-26) 126 (44~35-15~18=-14)
Sa f 19.1 58{14-13=-19-11=1) 70 (23-25-13=8=1)

A £ 24,8 182(58=-39=27=U44=~18) 128(23-36-25=37-7)
A m 23.6 56 (4-26-11=15) 138(57=47-17-17)

A m 22.0 15(0~5~5=5) 10 (0=2-7=1)

Yy m 22,3 9(2-1-0-6) 4(0-1=-2=1)

Sa m 15.9 1(0=1=0=0) 0

A m 30.0 0 6{(5-1-0-=0)

A m 21.7 2(0=1-0-1) 75(19=-24~20~12)

A f 24,1 65(16-38-8-3) 99(12-73-6-=8)

Sa £ 19.1 126 (56=41-20~9) 12{(7=-2~2=1)

Sa m 19.2 51(22=~29) 38(23~15)

Sa £ 15.6 39 18

Sa f 17.2 34(8~-26) 218(45-173)

Sa £ T4 73(26=32=7=8) 138(48-65=21=-14)

Sa £ 16.9 68(29-25-14-0) 44 (12-14-18-0)

R m 21.1 29(6-13~8~2) 65(19-33=7=6)

Sa f 19.7 no(8-27-3-2) 19 (3-16-0-0)

A £ 23.7 75(34~29=11=1) 29 (10-10~9-0)

* The numbers in parentheses refer to the daily number of
visits.

Sa=gsubadult
A=adult
mn-male
f=female
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Tahle 18, Food preferences of 24 redback voles between
healthy larch looper pupae and parasitized
larch sawfly cocoons.

Animal characteristics

Food preferences

age sex weight(g) larch looper pupae larch sawfly cocoon
Sa m 19.2 46 (3-11-19-13) * 66 (U~20=16=22)
Sa m 18.2 57(15=20~20-2) 53(7=19=22-=5)

A m 21.7 10 (0=8=1=1) 2(0=1=1=0)

Y m 20,5 21(3=2-9=17) 21(2-19-0-0)

A f 22,3 21(3=7=04~7) 8(3=2=2=1)

Sa £ 19.1 131(83=-39=-45=14) 78(9~2014~36-9)
Sa £ 19.1 22(2=10-7-3) 17(2=-4=~9-1)

A £ 24,8 32(7-11=-11=3) 90 (14~25-39-12)

A m 23.6 196 (60=~56~U46=31) 104 (53=-204-25=12)

A m 22.0 69 (22=-35=11=1) 50 (36-9=4=1)

. m 22,3 11(9-1-1=0) 8(5=3=0~0)

Sa m 15.9 111(103=8=0=0) 6(6-0~0=0)

A ™ 30.0 7(4-0~2=1) 2(1-0~1=0)

2 m 21,7 102(30=15~50~7) B0 (13=17-9=1)

.Y £ 24,1 209 (40-93-40=76) 220(39-65-55=61)
Sa £ 19.1 8(7-1-0-0) 130 (40=-62=22~6)
Sa £ 14,4 21(0-15=4=2) 19 (2-7-10-0)

Sa £ 16.9 18(1-8=4=5) 4 (0=0=04~0)

2 m 21.1 36 (4=22=3=7) 84 (10=39=-14=21)
Sa £ 19.7 0 u

A f 23.7 18(5=5=6=-2) 35(6=12=12=5)

Sa m 18.8 126 (86=40) 120 (58=62)
Sa £ 18.9 3(0-1-1-1) 13(1=1-2=9)
Sa f 18.4 98(19-23-32-24) 15(5=5=4~1)

% The numbers in parentheses refer to the dailv number of

visits,

Sa-subadult
A=adult
m-male

f-female
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Table 19. Food preferences of 23 redback voles between
healthy larch looper pupae and a concentra-
tion of larch sawfly cocoons,

Animal characteristics

age sex weight(g)

Food preferences

larch looper pupae

larch sawfly cocoon

19,2
18,2
21,7
20,5
22,3
19.1
19.1
24,8
23.6
22,0
22.3
15.9
30.0
21.7
24,1
19.1
4.4
16.9
21.1
19,7
23,7
18,9
18.4

mnn
o o

nm

-
"

n

nnn
p VIR Tl i e O B R I e

0
joi}

™
Fhthrhth S Fhchsh 3 3 3 33 s 83539

nwn
o P

32(6~8=17=1) *
33(5=-14=9=5)
1(0=1=0-=0)
5(2=0~-0-3)
2(1=1=0-0)
7(0=3=3=1)
12(1=6=5=0)
75(21=12=-29=13)
162 (4=36=92=30)
1 (2=4=6=2)

44 (8=24-9-3)

0

2(0=2=0-0)
25(4=11=9-1)
15(0=~6=6=3)

20 (2=10=5=3)
11(3=7-1-0)
42(15=24=2~1)
47(2=-11=-17-17)
2(0=0=1=1)
58(15-32=6-5)
9(1=-8-0~0)
71(2=60=7=2)

43(4=-18-16=5)
78 (4=-2=51=21)
10 (2-U=2-2)
17(0-5-4-8)

11 (4=-3=0~14)
32(2=-14-1-15)
10 (3=4=3~0)
18(6=6=5=1)
161(17=32=85=27)
64 (1=30-17=16)
78(9-24-~39~6)

0

1(0-0-1=0)
5(1=1=2=1)

16 (2=6=7=1)
187(24~86-26~11)
22(8=T7=6=1)
52(20~23~5=~1)
10 (2=3=04=1)

0

16 (6=7=2=1)
1(0=1-0=0)
162(17=135=7=3)

* The numbers in parentheses refer to the daily number of

visits.

Sa-subadult
A-adult
m-male
f-female



Table 20, Food preferences of 22 redback voles between a
concentration of healthy larch looper pupae
and one healthy sawfly cocoon.

Animal characteristics Food preferences

age sex weight(qg) larch looper pupae larch sawfly cocoon
Sa m 19.2 68(15=30=-16-7) % 29 (3-11=10-5)
Sa m 18.2 96 (25-52~14~5) 64(18-18-19-9)
A m 21.7 4(1-0=3~0) 1(1-0=0-0)

A m 20.5 21(2=5=-8=6) 24 (b=16=-04~0)

A m 22.3 15 (4=3=7=1) 3(0-0-3-0)

Sa £ 19.1 56 (1=34~10-2) 15(1=6-7-1)

Sa £ 19.1 9(2=5=1=1) 8{0=5-2~1)

A £ 24,8 10 (3=2=4=1) 55(11-17-19-8)
A m 23,6 103(27=30-25-21) 121(35=-43-23=-20)
A m 22,0 29 (5-10-10-0) 49 (6-18-18-7)

A m 22,3 35(22=-6~3=1) 6(0=6-0-0)

A m 30.0 2(1-1-0-0) 2(0=1=0~1)

A 10 21.7 39 (0-0-19-20) 148(3-11-20~39)
A £ 24,1 34 (1=-9-15-9) 110(3-11-59=37)
Sa f 19,1 341(26-59=-94~162) 86(16-19-25=-26)
Sa £ 0.4 26 (1=-9=~12-1) 1(0=0-=1-0)

Sa £ 16.9 5(2=2-1=0) 1(0~1=0~0)

A m 21.1 10 (1=U=04-1) 38(7-14=14-3)
Sa £ 19.7 0 8(3=4-~1=-0)

A f 23.7 3(2-0-1-0) 17(2-6=8=1)

Sa f 18.9 2(0-1-1=0) 3(1=1=0-1)

Sa f 18.4 115(15-31=56-13) 26 (3=14=9-0)

* The numbers in parentheses refer to the daily number of

visits.

Sa-subadult

A=adult

m-male

f-female
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Table 21, Food preferences showed by other voles and mice
between healthy larch looper pupae and healthy
larch sawfly cocoons.

Animal characteristics Food preferences

species age sex larch looper pupae larch sawfly cocoon

162(30%%=66=-U8=18%*)% 136 (25=52=-42=17)
0(0**=0=020=0%%*) 3(1=1=1=0-0)

54 (23%%=25=5=0=1%%) 1(1=0=0~0=0)

50 (7#*%=31=8=2=2%%) 1U42(0=22=-63=-U5=12)
6L (22%*%w2Nw0w3=(®*) 35(9=19=U4=0=~3)
0(0%*=0=0=0=0*3*) 84 (27-40~-9-6-2)
55(17%%=11=10-4=9=4*%*) £ (5=1=0=0~0=0)
12(7*%*%=3=1=1-0=0%%) 51(18=20=6=U=3=0)
55(7%%=1=0-11=19=13%*) 16(11=0=1-2-2=0)
0(0%*%«0=0=0=0-0%%) 75(l4=3=18=3U=11=5)

M.pennsylvani-
cus

3]

651
i BV S B

BrhE3 33 H 33

rh

235(38%*%=2475=81=17%%) 70(17-29=U4=16=4)
33(8*%*=10=4=10=1%*) 90(21=26~17=23=3)

P.maniculatus A

65}
S
h

* Numbers in parentheses refer to the daily number of
visits.
* Visits cumulated over a half-day period,

Sa=subadult
A=gadult
m=male

f=female
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Table 25, The metabolic requirements of redback voles
using the calorific conversion of oxygen
and RQ values.

Temperature Maximum Daily O, consumption Calorific conv.

(eF) RO (liter) (kcal)
69-72 .78 2.126 16,15
62=-064 016 2.688 12.77

53=57 . 74 2,856 13.50
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Tabhle 26, The trapping record of small mammals caught

on 13 tamarack bogs of Manitoba

Plot Trapping period Trap-nights Species and numbers caught
A 27=7-70 250 16 Sc, 16 Bb, 5 Cg
B 27=7~70 250 2 8¢, 8 Bb, 8 Cg, 5 Mp
C 9-8=70 250 2 Sc, 9 Bb
D 9-8~=70 250 3 8¢, 4 Bb, 1 Zh
E 23=8=70 250 6 Sc, 3 Bb, 3 Cg, 12 Mp
F 23-8-~70 250 2 Sc, 4 Bb, 1 Sa,9Cg,3Mp
G 14=9=70 150 2 8¢, 5 Bb
H 12=10=70 150 2 S¢, 9 Ca
FFS1 23=2=71 200 3 8¢, 8 Cg, 1 Syc
FFS2 23=-2-71 200 4 Sc, 3 Cag
Rennie 23=2=71 150 17 Sc, 9 Cg
Meditation 22=3-71 200 2 Cg, 1 Mp
lake
Rennie 22=3-71 200 9 8¢, 2 Cg, 1 Syc
Meditation 25=1=71 200 3 Ca
lake
Rennie 25=U4-71 200 16 Sc, 5 Cg
B 31=5=71 200 5 Cqg
C 31=5=71 200 1 8¢, 1 Cg, 3 Mp
pat 29=6=71 200 2 Sc, 4 Cg, 1 Mp
A 7-9-71 200 17 8¢, 19 Cg, 1 Mp
B 7=9-71 200 14 Sc, 4 Cg, 1 syc
Cc 13=9=71 200 4 sc, 3 Cg, 1 Mp
F 13-9=71 200 6 Sc, 5 Cg
Seddon’'s 13=10-71 200 14 Cg
Corner

Sc, Sorex cinereus

Sa, Sorex arcticus

Bb, Blarina brevicauda

Cg, Clethrionomys gapperi
Mp, Microtus pennsylvanicus
Svc, Synaptomys cooperi

Zh, Zapus hudsonius

FFS, Forestry Field Station
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Table 32, Populations of small marmals per 1000 trap-

nights,
Species

Plot
Sc¢c Sa Bb Cg Mp 8Svec Zh Th Me

1970
A 6L 0 eb 20 0 0 0 0 0
B 8 0 32 32 20 0 0 0 0
C 8 0 35 0 0 0 0 0 0
D 12 0 16 0 0 0 i 0 0
D) 2L 0 8 12 48 0 0 0 0
F 8 4 16 36 12 0 0 0 0
G 13 0 33 0 0 0 0 0 0
H 13 0 0 60 0 0 0 0 0
Rennie 8 2 12 99 0 0 0 0 0
Telford 6 o 34 3 0 0 0 2 3
Seddon's Corner 16 3 2 108 8 0 0 2 0
Darwin 3 2 6 50 8 0 0 0 0

1971
A 35 0 0 50 5 0 0 0 0
B 70 0 0 20 0 5 0 0 0
C 20 0 0 15 5 0 0 0 0
F 30 0 0 25 0 0 0 0 0
Seddon's Corner 0 0 0 70 0 0 0 0 0

Sc, Sorex cinereus

Sa, Sorex arcticus

Bb, Blarina brevicauda

Cg, Clethrionomys gapperi
Mp, Microtus pennsylvanicus
Svec, Synaptomys cooperi

Zh, Zapus hudsonius

Th, Tamiasciurus hudsonicus
Me, Mustela erminae
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Table 33. Densities and recovery rates of larch locper
pupae ‘planted' in tamarack hogs,

Plot Density ‘planted’ Recovery rate
(%)
1970
A 25 88
B 25 100
C 25 100
D 25 88
E 25 96
F 25 100
G 50 100
Rennie 50 96
Telford 50 90
Seddon's Corner 50 94
Darwin 50 20
H 75 ge
1971
B 75 100
A 100 100
C 125 100
F 150 98.6

Seddon's Corner 175 9a .t
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Selective subject index

A

adult trap 33=34
Apodenmus 13=15-17

B

hacteria 7

bait 35

behavior 24

bird 1=6-23-28-25-2¢
Blarina 2-=18-99-121
bog 28

breeding 24

C

caloric value 34-88<160
capture-=recapture 11-35
carbon dioxide 39-112

Clethrionomys 13=-15-102

D

daily energy budget 20-91
distribution 7

E

ecology 7-86
European Pine Sawfly 1

F

feces 14-39

flood 6

food 14=39

frog 6

functional response 25-50-81~
86«96-150~
158

fungus 7

G
green larch looper L6-61-66-60-~

73~76-81-86
Gypsy moth 22
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I

invertebrate 6-16-25

J

Jack Pine Sawfly 26

K

kev-factor 26-61-156

L

larch sawfly 1=6=15=16=204-
33-37=42=50~
98=103-107=-
110-130=160

larval trap 12

life table 22-45-157

M

metabolism 18-39=91-112-118

mice 1-11=20-23=01=69~122
Microsorex 2-18-99-121

Microtus 19-110

N

numerical response 24-50-=59-
66~69~73=
78=-96-
147-155

0]

clfactometer 37
oxygen 39=112

P

parasite 5-6-26
Peromvscus 1-17=110-115

pitfall trap 12-35

plant 137

population dvnamics 1-22-33-
L5-59~
155



predation 16-24-03=141
preference tests 3-10-36-98

pupae 5=22=37=42-43-63-917-08~

103-107=-110-127-142
pupae planting 3«82-141-15¢

R

respiratory quotient 19-118
respirometer 39

resting metabolic rate 19
rodent 19-=23

S

Schuyler trap 12
Semiothisa 2-5-6=7=33-45=-53-
59-88~901
bicolorata 2=6-88
oweni 2-6-08=040=50=~52~-55-
88
sexmaculata 2=6=7-48=49~
50-61-73~86
signaria 2=6=08~090=50-52=
73-86

shrew 2=14=15«16=18-23=24=37<

41=55=57-66=69~73=76~
78=81-86-91~96-98-90~
115=-120=122~125-135=~
137-147-150-152
snap~back trap 11-12-35-414
Sorex 2=-16-18-99-121
Spruce budworm 214
stomach analysis 3-14-81~
121-161

T

taxonomy 5
trapping 9

U

urinary=nitrogen 117
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A\

vole 11-12~-17=19«37=01~55~
57=66~69=73=78~81=-91=
96~-98-~102-115=1223-137-
150-152

w

weather 6

7

Zavus 122



