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Abst.ract

Pooul-ation models involvincr larch loopers of

the Semiot.hisa Ëltll:ner comnle>l ancl small- rna,m¡r.a1 numbers

suqgested rrossible interspeeific relatÍonships to exist

lretv¡een these tvro giroups" l.{askecl shrer','s (Sorex cinereuLs

Kerr) and redl:acl< voles (Clethrionoml¡s ga.nperj- l-oringi

eailey) shov¡ed nartieularl.lz v¡ell their effect on the

nur¡J¡er:s of larch looper pupae Lry registering strons xro-

sitive numericar ancl functional resÏronses to c-lensiti-es

of larch J-ooper t:urlae" The j-rnr:or:tanee of the l-arch loo-

per þupal staqe in the population dvnamics of l-arch l-oo-

pers wa,s stressed r'¡hen, a key-fact-or analYsís nsinq the

l.ogarithm of surviva-l of pupae (loq S) insteacL of the

l.ocrarithm of the nrevious generation (1oo hr.r) j.mrrrove<f

t.he nredictal:i1.ity of future tarch looner nopula.tions.

I{ov¡eve:1, the use of t-he l-oqarithm of surr¡j-val- of nuÐae

frorn small mamm.als (loq tr.r) did not ímrrror¡e the predic-

tabilityl this sugqestecl. the non-importance of the small

rnanmal populations as a cleternininç.r faetor (ke1'-factor)

in the populatíon <]-ynamics of this insect groun,

Field exneriments that consisted of 0 foocl pre-

ferenee testsBu estomach analysese and tnupae nlantingu

confirm.ed the existence of i-ntersrreci-fic relationshi-ps

betr¿een the two groups u as suggested by the statistical

analysís. Small mamm.al populati-ons' especially nasked.

shrerqs and redback voleso expr:essed sLrono nositirze nu--
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aerical and, function.rl- resÞonses to the Censities of

l.arch looper pt1þae. The role of larch looner nopula-

tions acting as a J¡uffer fonrl qrrnn'lrz fr¡r srnal-l maríì-

nals of llanitoba boc¡s is d.iscussed.
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Introduction

Fie-lci stuclies on the nopulat.ion dynanics of

najor harrn-ful insect species have Ïreen in progress for

nany years. T.'he recent outbreak of larch sarvfJ-yo E_Eiå-

tiphora erichsonii ilartig perrnitted students of ecology

to fincl its main regulating factors (l,ejeune and IJil-

clahl 19 54 , T-e jeune 1955 u lves and Turnock 1959 s Ïves

196201963 and 196t+) " Thus, the importance of small- fo-

rest vertebrates as predato::s of this clefc] íator: species

has been given consideral:le attention (Ruckner 19550

1958 F 1959 ancï 1966). Ilir:c.-ls har.'e Ì:een shor¿n tc prelz

heavily upon the adult and la::val st-aoes (Buckner and

Turnock 1965) , r+hereas smal'l rna¡nrna'l s are particularly

im-portant as predators of the cocoon stage (Buckner

1959, 1966a anC 1966b,) , Recause tl-re sarvfly rercaj-ns wj-th-

in the cocoon fo:: at least 1 0 months and, sonetimes for

a year: or more (Ives 1964) I it j-s particular:ly vulnera-

ble to small fossorial mammals "

Populations o-f sar,;fly var]¡ considerably both

in time and in spaceu and in periotls of sawfl-y sca::ciLy

alÈernatir¡e prey nust be consumed" I.iol-1ing (1959 and

1965) has shown the ìmportance of alternate food supplies

in the preclaticn comple>r i-nvolving the Euro1:ean Pine

Savrflyu NegdÅ-D_ré-qg gCE!ÀEgI Geoff , IIe found that the to-

tal food consum.ption of v¡hite-foc¡tetl mice (Perom]¡.sçgs 1eq-



conrls l-af inesoue) l:ena j-rrec'l ccnst-ant o vrit-h an i-ncrease in

food hacl a l-or,.¡ pala-sat¡f ly consur¡ption ruhen the alter:natc

tabi 1 j-t_r¡ u ancl vice-ve rsa..

SeconcLarlr clefoliators of ta.rr,,a::a.cll trees j.n

the l'la.nitoba. boc¡s are knor,.rn to exist ]:ecause of their

r:ecTul-ar: occul:rence in va,r_j_or_rs larch sar¡f l_\¡ sa.¡¡n.'l j nq

trans. One of the nost ccns-i-stent- crrouTrs; to he collecLec-ì

on thc larch trees is the Ser¡iothi-sa Ìltlhner cennl-e>l repre-

sentecl bv tire snecics se:lriacnlata Pacl<" r siona::ia CF.,

ov¡eni Sv,'ett- and bicol-o::at¿l I'abr" The Semjotþlqg. ql:oLlp

foi:ns a r''art of t-he order LeniCont-era, farri-l-rz Georiletri-

dae anc]. subfai:rilv Hnnominae, These l-a.rch l.ooncr nonu.l_a-

t-j-ons are ch-. râcterizec-l l¡y a cÍl:ou.nC-i-nhahi ti-ncT stacTe

r,¡hich is nroba-JrJy nreyeC upon brz srr'a.l]- marnnal snecies

sharinq the sal.r.e ha.bi-tat.

Ä.s the final cotnDonent of th-i-s sr/sj:em, the

snial-I n:anna'l snecies, of r¿hieh the masker'l shrev.' (Sorex

cj-ne::eus cj-r'.eratls l¿arr) - f he .¡rr¡.eri can r.l\/crr¡v shrot.: llti -ìlY:-r'''! ;r \ r'

crosorex hoyj-. (na-ì-rd))r the short-tai-l shrer:¡ (Bl-a::ina

brevicaucla manito]¡ensis Anclerson) and the rerlha.ek vol-e

(Cleth::ionon,rzs garrne::j. l-orj-nc¡j- Baj-l-er') anncar: t-o he t-he

main mo::tali ty-caus!.no fact-ors.

The nurnose of the stucly \,,'as to Ceternj_ne th.e

iirrnact of s¡na-11. narnm.al nonulat-ions on th.e nur",bers of

Sem-iothisa spÐ. and to Cete::rni-ne the r:ol-e of th-i_s avaj--

-1-a]:l-e food. sunply for snall r¡anr,¡.al-s i-n ta¡'la.::acl< hocrs of



ifanitoha, The snrall rnamrnal- and la"rch l-ooner interacti.ons

\,irer€ evaluatecl in the licrht of current- theo::ies of Ìlre-

c1at.j-on. The Þossil:te role of this insect giîouT--r as a buf-

fer food. sunnly for smal-l narrnals is also investiqatecl.

1l'he ef fects of sna-l-1 ma_rnnals on 'l arch l_clorrers

cannot he e:;p.lained until vie knort¡ the inl:act of -l-ooners

on each other and t-he effects of sar.,rflies on the J-arch

l-ooner rronulations " These int-e::aet-i-ons are 'i ncl-ucleC in

the st.atistical analysis o.f- the first section alohg r-¡jth

the r:elationshirrs between t-he nannalian populatir:rns ancl

le::ch loo1rer nur¡hers 
"

The second ancl third secti-ons af th.e thesis

correlate tÌre actual- fielcl <iata analvses r"¡j+-h that of the

stati-stical- anproach. The food prefe::e-nce tests $rel:e de-

sj-qnecl- to ç1ive an âfls\,,,zelr as to whether or not the smal-l

nan'.nals kner.,¡ the e>'.istencc of the la:r:ch -]-ooper naterial.

Bucl:-ner ( 1952 to 1970) shovred that- t-he shrer,: and vol e

sÞecies rtTere extensively usinct variou.s insect material- a.s

fooc1, The deterninat-ion of the orrtin".urn potential- nreda-

tion of smal-I nrammals on larch looner nuÌlae r".ras used to

set up the upner límits cf the rnort-alítr¡ eausec!. lrlz j-nclj-vi.-

c-lual mamn.a.l"s oi: nonu-l-a,tì ons, ancl usecl as a rean to cotÌtpa-

re it. to that of the actr:.al fielcl morta]it\¡i this ontinum

nredatjon is usuallr¡ cal.culatecl I:v clj-viilSnq t-he metabolj,c

::eçui-rement-s of -i-ndir¡idual nam¡¡ral s h'rz the caJ-oric val-ue

of a cTiven food iLen" The stomach ana'1r¡ses ancl the spunae



lL

planting technigue 0 repl:esenL the tr^¡o f unclanenLa'r and

f inal- f ield e>:perj-rnents v¡hose aims viet:e to corr.f i rn the
qualitative and guantitative aspects of ilre study. The

field confirmation that small rnammar s do indeeir eat

this larch rooper naterial. and the cTuantitative deter-
mi-natíon of the extent of thi-s no::tality night suggest

the vel:]z i mportant role of such a f ooci supp-l_y f o:: both

the sma'l l rnamrnal-s ancl tire'larch sar¿fl-ies of. the Lfanito-

ba bogs"



Liter:ature revierv

A" E_eIlJ=ggb*å-A spp. populaLions

a. Ta>ronomy

The Sem,-iothisa group forrns a part of the order

Lepidoptera-, fa.mily Geonetr:idae an<1 subfamil-12 Ennom-inae.

According to Forbes (1948), the classification of the

subfamil-y .is stiIl unsat,isfactoryr he Civi.cled the genus

Senl-olhisq into trik¡es Ì:ry consic'leration of the m.ale an-

tennae anC genitalia. The pupae¡ so far as knc\,in tocì.a1zo

can t.,e classifíed only by ¡naking microscopic ntounts. Keys

to subfamil-ies of Geornetrirla"e larvaer pupee and adttl-ts

can be found in papers by ttcGuffin (1946 and- 1967 ) ancl a

description of the rnore connon species is revised by For-

l¡es (i948), Descriptions of l-arvae and- adult stages can

be found- in McGuffin (1947) 
"

b" Factors affecting populations

Very l-ittl-e is known a"bout the population d]tna-

mics of the subfanrily Ennoninae. Recentlyu Luk' jancikov

(1967) dj-scoverecl an<l clescribed a net'*7 virus of the larch

nioth f ormj-ng no inclusion bodies " llerrebout (1967 ) des-

cribecl the habitat se-l-ection of Eucar:cellC ry!¿]-lg vi-11"

(nipterao Ta.chinidae) r,¡hich pa::asit-ize la.rch looper popu-



lations. Tv¡o years ea::liero l.'IeJ-v5-n ancl Turnock (1965)

had found that Bessa har:veyi (Tnscl, ) o a v¡ell Ì-.-nou¡n pa-

::asite of salf 112 la.rvae o attacked, lepidopterous larvae

including ,9e{jig!his_4. The numJ:er of ernerqj-ng acl-ults cf

Bessa f ron parasitized larvae indi catecl the sÌ:ecies S 
"

qr:anitata to be the most favorable Trost and. S.bicolorata

and å"gggl* as seconclarl¡ ones;" One can, horvever, ga-in

some insight as to the important mortalitlr factors of

Semíothisa spr:>o by e><ani-nincl those of P"erichsonii lltcJ"

l{ort-ality factors such as the parasitism of sar..ifly lar-

vae have been particularly v¡ell stucl-i-ecl and related to

population chançies " Parasites sucll as ¡leEg¿e¿gF !S¡!b:g-

clíni-s ì.lorley and Olesicar¿pe nr, nernatorum have recej-ved

special a-ttention (cri¿dle 1928, Hoppi-ng et- aI 1943, ltul-

drew 1967) " ArrLong vertebrates u frogs (Buckner 1952) ,

birds (Buckner and Tur:nock 1965) and smaIl ¡:ramriìals (Gra-

ham 1928) v¡ere assesseol to l:e verl¡ impoi:ta-nt predators

of sav¡flies, destroyj-nçl at tímes un to 90 percent of 1o-

cal populations, Ilgg and larval stages t^I€r€ also f ound to

be prone to invertebrate predation; four species of mi-

riCs and" one species of anthorocicls r,^¡ere founcl to eat as

nruch as 4 eggs per clay (Ives 1967) i 23 species of insects

and sTrìclers were observed to feecl on l-arch satrfl-y larr¡ae

( Ives 1967, l/rulclrew 19 55 ) . Floocls can dest::oy f rorn 50 to

100 percent of the larch sawfJ-y cocoon popuJ-a-tÍ,ons (Ives

anC Nairn 1966, Lejeune et al 1955) " Further effects of



weê-ther on the survival of eggs, larvae ancl cocoons þ'êrê

evaluated b1z Graham and Sutterlancl (1959), I-leron (1960)

ancl Ives (1961) " llight genera of ¡:,arasitic funq.i. and bac-

teria r^"7ere a-lso found to play a role in the natural con-

trol of savrfly nurnbers (i4ac Leod and- Heimpel_ 1955) lry

acting on larvae and cocooned larvae" Defoliation (Ives

1963) and premature larval drof: (fves 1967) '.,'ere postu-

l-ated, as vreIl, to explain the 1a::ch sarnrfly ponulation

fluctuations, similar nortality factors are undoubtedJ-12

responsible for the population changes of _'l-arch loopers o

although tl-reir mocle of actj-on miç¡ht. sonewhat d-j-ffer fr:om

those acting on the la::ch salr'fly"

cn Life historr,r and ecofoc;v

In I'fanitoba, acl-ults begin to appear i-n t{ay v,'ith

the peak of €fLr€rcJerìcê in JuIy and Ärrqust (prentj_ce(ed.)

1963); the la.rvae begin to feecl on ttreir hosts froni July

until very late in Octol:er (Atrvood 1944, Forbes 19¿t.B). The

pupaeu rvhich are formecl after 20 to 50 days of cl,eveloprnent

fron the egg staqe, are probably present- in the bogs frorn

.Tu11z to early llay of the foliowing ]¡ear, The larval popu-

lations of the four species nentioneC a.bor¡e âre qiven in

Tabl-e 1 of the Appenclj-ces " /\11 fou:: specíes tend to ex j-bit

populati-on peaks (Fic;ure 1) , The speci-es å,8-g-Xniêçg_L_e!ê is

parti-cuIarI1r noticable for its 9-year interr¡a1 ¡eaks r+hile

the other three species offer more ::equlai: and stable popu-



ti ì ñllrô | Nr:¡nber:s of Sielrii-othisa

can¡r-ln for ¡ ner:ioc-]. of
.i

ce (eci.¡ 1963).

larva-e collecteci ð.cross

?O \/ê;rrs ( aiter Prenti-
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lat.ions.

lìroadl1z speaki-ng, Lhese so-lit-an/ defcliators

seem t-o prefer swanps \rrhere tai¡ara-ck (l,arÞ: l_a-ricinA

(Or-r Roi) K. Koch) ancl. trrjestern 'larci,r (Lari{ occidental-is

ïiutt" ) can grow easily (Prenti ce (ed" ¡ 1963) " The spe-

cies S,qexma*culalLe and S"orveni feed nainllz upon tamaracl<

vrhile S"signaria and S"bico -orate are recorcl-ed nrost fre-

quentl-y on lgalsani Fir (¡bies þa}5-enea_ (t") Iiil1,) and

Jack Pine (!ångq banksiana Lam]:"),

llo complete c'lescription of the clistribution of

Semiothisa sÞp, is available in the -l-iterature, l"orbes

( 19 ¿+B) and Frentice (ec1" 1963) indicate that their larvae

are collecteC regularJ-y fronr Nfewfoundlanc3. to eastern ilri-

Lish Colu¡nÌ:iau from Labrador and tlngiava (55o49 I ncr:th) t.o

Great Slave Lakeu south to central lltassachuset-t and I'iev"

York" The distribution of S.sexma-cul-ata, the n'rost numerous

of the four species in Ontario, l'{anitoba and Saskatcher¡¡an

regions (Figure 2) suggests a heavier population in the

southern part of these three provinces. They are ho$t'ever

found i n every tarnarack stancl throrrghout these regions

(Prentice (ec1, ) 1963) "

IJ, Smal-I rnammals

ao Trapping techniques

Population densitlr ¡¡sttts the nu¡,rÌ--'er of anir¡als



10

Fic{ure 2 " The clist-::ii¡ution of S. se>:nacr:la-ta Pack " i-n the
forest clistricts of õnEãEÏ?if-T;ffitoha. and. Sas-
katchev¡an (from. sar,',nles collected Ì:1: ¿¡s Ran-
gers of the Insect and llj-sease Srtrrey Tean of
tianitoba) .

L s Lindsav 1952
T, Tlveed 1955-1967
P, Penbrooke 1955
LJf , La.Jte trrj-e 19 6?-

llB,, lJorth Rar' 1959
S , Sudhun¡ 19 59
l-- f-hanJp;¡rr 1959r¿t

I(, Kanuskasing 1964-1967
SI.Ir Srvastika 1955-1967
PAu Port Arthur 1962
G o Geralclton 19 55- 19€'2-19(,1
SI,¡ Sj-ou;.1 Loo,kout 1943-1959

SRo Southern Reqion 1957-1958-1959-196 *a-19€,4-19(,5
EPo Eastei:n Reaion 1959-1961+-1965*196,7
iiP - lior.|.lrarn Reoi6¡1 1958-1963-196tI-1965-1967,'. 'I.JR, Vtestern peqi on 19 5 3- 1çt 6 3- 196 4
I?.lrl, Ri-dincT }lountains l'iiational Parl< 1957-1966-1967
ilB, I',Iudson Bav 1959-1963-19611-1965
PA, Prince A,Il:,ert 1963-19611-1965
IrL, Meadov' Lake i959-1963-1964-1965
NR, lJorthern Region 1963-19611-196(,
SRS' Southern Pegi6¡ cl¡ -qaska,tchel',74-n 19611-1965
I'ÍCR, lJest Centra-'l- lì"eqion 1966
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pei: uni t â.rea or the ratio hetv¡een the animal nurnbers

anC the spatial area they oceuTr\,/ (F.nCrzeier.¡sk-t 1962j 
"

The car¡ture-recanture techni.ques are often rr-sed in

sma-ll rnanr¡nal censuses. A basic assu¡nption of the method

is that a-]-l the animal-s in the trappab.!e nopulati_on must

hal"e egual risk of capture; there rnust be no differen*

tial trap resÐonse between the marked and unma.rked anj*

mals (Lesl-ie et al 1953) " r,fhen large numbers of indivi*

dua'ls are present, t-he calculation of the ponulation

d,ensitr¡ is usuallv m.ade by m.eans of t-he Lincoln Index,

Some ]:asic assunptions ares the ectuívalence of mort-alit1r

beLrrzeen the ma::kecl anrl the unma-rl.,ecl anímals; the dr:ralri-

J-ity 6¡ the narks; the random rnixture of the marked indi*

viduals with the unmarkeC and the constancJ¡ of the noÞu-

l-ation under study (Southv¡ood 1966), TJre reliabifj-tv of

the technique \À7as testecl" bv Buckner (1957) anr1 he shoro'ed

that shreru and- roclent ponulation estj-matj-ons v¡ere val icl"

a-t the 95 percent level. l-lo\.r'evero the heteroqeneíty of

t-ran-::esponse shotr¡ecl }:y tran-shr/ and tran-addieted niee

(Yor-rng et a-l 1952u Tana,ka 1956), the preference of cer-

tain voles and m.ice to a criven {:ran (tloi:rj-s 1968) ancl the

rni-s-erraluation of smal-1 nar¡mal nopuJ ati-ons heeause of the

edqe ef fect (Pelikan 196 B) contraili.ct sorne of- the hasì c

assumnti.ons of the metlroc'].,

Ponulatíon stuclies ean also he made v"'it-h snan-

Ìracl< tran m,ethocls " The j-rnnossihilitr¡ of cii st j-nqu j shing

betlqeen resident a.nd non-resiCent ani-nr"a.ls and" the rerrorza-l



L¿.

of local inc'lividuals i¡hích allov¡s the co¡rÐosition of

the populat.ion to be al-tered. bv the invasion of othe::s u

are partllz responsible for the inaccuracy of the me-

thod. (Smyth 1968) . Furthertliolî€, the better perfo::man-

ces shorvecl by pitfalls (l4a.c Leod anr-l Lethiecq 19,63) , Ii-

ve traps (Sealancler and James 1958) ancl. Schuvler traps

(Pn:it.t and. Lucier 1958) v¡hen conparec--l to the conmon

snap-back traps, rir.ake the¡n inappropriate. Another corn-

parison betrveen live traps and snap-l:ack traps effecti-

veness can be founc in Dura"n (1968). Buckner (1957) ob-

served that estimates of srnall mamnal- populations were

similar regarC,less of the trapning ¡:rethod usecl-; livc

traps on gridu snap-bacl< traps on grid ancl sna-p-back

traps on standard lines yj-elcleC apÞro><imately the same

::esults. \nlhere a rapid census is requireclo snaÞ-Lrae}..

traps gave usually r:eliable results in l.ate sumnler; the

use of snap-bacÌ-. traps should usrrally be avo-i-ded rvhen

trapp-i-ng is to be made over long periods o because of

the possj-bIe severîe and proJ-onged effects on the popula-

tions (Buckner 1957) 
"

Ilethods such as live trapping on a checkerboarcr,

Iine (t,tanv-ilIe 1950) and short term but intensive remo-

val of animal s f roni a gíven area ancl the estirration of

their number bv nteans of the reqression nethocl (l{ayne

1949) provecl. to i:e accurate methocls for estinatinq r¡ol-e

populations " The oÌ:servation of the narked aninals by

means of recaÌ':tures and the calculation of the nur,,ùrer



knorvn to be a] ive bv means of the calenda.r of catches

(trvans 1942) se¡:rred to d-eterrc.ine 4PcgglTrgå and Cle'EbEL-

ononys numbers" Preba-iting follovred Ì:f intensive rerto-

val (Grodzinski eL aI 1966) t+as used as a gooci estima-

tor of rodent numbers" Population est.imations based on

the cirange of cornposition caused. b1z a selective remo-

val- (Chapman 1955) r the stud.y area sttrroundeC v¡ith sheets

of corrug'ated j-ron (nieterlen 1967) u ancl the cliggi¡g 6¡¡

of the l:urrovls (Smith 1968) se::ved as accura.te rneans of

neasuring mice anC vole numbers. The reprocluction, breed-

ing season anC intensitlz of breeding t"ere incli-rectly mea-

sure<l by KreÌ:s (1966) using live trapning technigues on

voles" The sarûe nethocl pern-i-tted Anclrzejewsl',i (1962) and

Ändrzejev¡ski and tr'lierzbowska (1961) to clietermine nlove-

nents ancl clispersal of small- rodents.

Accord,ing to Chitty (1937) , the proposed grid

of 15 X 15 rneters for snall m.anrnal tra-p positions is sa-

ti.sfactory; a larger grid would cause an excessive dilu-

tion of the trapping positions v¡hi-Ie a smal'ler one lt¡oüld.

reduce the activity of animals, Pelikan (1968) thinl<s

that short-term' estimates of. cens-i-ty lasting at most for

the first.3 to 5 clays of tra.pping' are best, although

rrìoile reliable C,a't,a al:e obtained with longer trapping pe-

riods when cietermining the average hor:re lla.nEie.

Indirect methods of popr"rlation assessments such

as the autoxratic photographic recorders (Spitz 1963, San-
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derson 196€¡) u raCiotransnritters (Goclfrey 1954u Bea.I

1967) and raclioactive tracers (Inrpens et aI 1965)

shov¡ecl to be good aids in deterrnini ng novement pat-

terns of r¡rice ancl voles. Dropping Jroards (Em1en et al
1957, Tester ancl Em1en 1960) revealeC a greater sensi-

vity for certain species u notabllz shrev,'s; the tl¡pes

of boarcl used t{ere also subject to preferences for cel:-

tain species of mamanals, especially shrer.¡s (Tester and

Em1en 1960), It should ]:e noted that nesting boxesn

smoked paper and dyss are nov¡ widely usecì in pooulation

Censity stud-ies,

b, Feedinq habits

There are several techniques for d.eterm.i ninq

the natr.rral fooci of srn.al1 ran¡nals " The rnost coinmonly u-

sed ere: the analysis of stomach contents (I(refting ancl-

Roe 19119, Golley 1967, Drozdz 1967, Iiol-isova 1967) o the

analysis of feces (I(refting and Roe 1949), fooci. prefe-

rence experiments (I{atfielC 1940, Buckner 1964) , ancl de-

termination of the natural feeCing grouncls and su.ppl-ies

(I"iyrcha 1965) "

The food intake of small mannals ì s often de-

termined b1r stomach content anallzsis. Tt ís usuall1' ne-

cessarîy to knov¡ the relationship existing between the

weight of the stonach contents a-fter a single feeding,



ta

and its v¡eight after a cla-ily intake (Go1ler¡ 1967), Storr

(19€'3) ancl Schnrj-d (1965) usec'l this technjgue to stucly the

feeciing halrits of wilil mourning c-lc¡ves and v¡allabies" Ruck-

ner (1964) used it to <lete::rrine tÌre ir';portance of 'larch

savrf'l-y eonlrmpþ5 in the ciiet of four shrew species of l'fanito-

ba. Drozclz (1966) cleterrninecl the percentage of greens

(40%) ancl seeds (40ñ) in the cliet of bank vol-es (çl€!brfq-

!e¡..yÉ EJefeglgg Schreber) and the percentage of seeds

(74y,J ancl invertebrates (15%) of field niice (Àpsdery_qg g-Ijt-

y¿_qgHÈS I'tel-ch) in a beech forest, Similar experir4ents lre-

vealec''l the economic values of ni-ce (Hc1isova 1960) Ì:y shor^¡-

inq tl:lei-r ::ole in the c-lestmction of harmful i nsecLs.

The analysis of- feces is not often used because

of the i-naccuraclz in deterr.lining the prerzious food inta.ke"

Krefting ancl Roe (1949) usecl it to fj-ncl the ::ole of birds

and mamrr.als in seeC. germi-nation, .A.ilans (19r:7 ) cleterrrinecl

the fooC. intake of large mammals " Food p::eference- experi-

ments are useful because they give a m-ore reliable nu¡nerical

resnonse \,ì7hen dif ferent food iterns a-re testec'1, anC because

they offer a good v/ay to estimate the frequency and duration

of the activity periods of anin",als (Buckner 1964),

In preference ex¡eri-mentsu ilollinq (1955) founc],

that r.askeC sirrews coulcl open rnore healthlz pì,ne sa.vrfJ-y co-

coons than parasitized ones ¡ it is also of sone inportance

to ]c-now that the selection occurred in the digging, removingi,

opening ancl eating phases of the search for cocoons. Sirnilar
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trencls vrere ol¡servecl hlz Buckner (1958) for the j-arch savt-

f.ly. It v¡a-s founcl later tha.t shret¡s an¡l rnice usecl onIt¡ o1-

factory stimuii in the cl jcrq-ino, remorzinq ¿¡f 6nenjnq nha-

ses cf the sarr'f 1y cocoon nredat'ion (Ï1ol-l inq 1958) 
"

t7h j Ie stuclyino namrnal-ian pr:eclation on 1a::ch sâ\^I-

fly in llanitoba., Buekner (1958) for-rnd that 12. speeies of

sma1l nar'r.r'ra1.s ferl upon cocoons; the stoma.ch r:erna-i.ns cont-ai-

ned f::om 37 to 98 percent of sawfl-v r.at-erjal.. Shrev:s clestrolz-

ed- more cocoons than any other q::oun of an-ima1s o althouqh

thev vlere outnumbered br¡ them. The five techniclues used to

cletermine t-he preclation b-Y srnall n,arnrnals are descriL'ed. in

Bucl<ner ( 1 I59 ) , i,'hen avai-lab-l,e , l-arch sa-v¡f 1.y mater j-al- rnacle

up to 70 percent of the c',j-et of shrev¡ sÞeeies (Buck-ner 19611) o

ßesi-äe tÌre nrammal-ian preCati-on uÐon sa.r,rf ly cocoonsu it r+as

l-ater found that 4t! spec'ies of bird.s preved ìtFon l-ai:ch savr-

f ly life stages (Buckner ancl- Turnoclc 1965) ; hirC.s nreferred

adults when thelr \^rel:e avail.able but large anC snrall Larvae

rr7€rê also readi-l-v inoested".

Feec'li ng hahit-s of shrev¡s r,Ier:e strrCi ed in cornnari-

scn to thei:: hodlz v¡e-iqht anc'1. fr:om seê,son to seascn; i'Io-llr-

( 1969 ) sl-r6e¡s6 th.at youncr cornrnon shi:er¡s (Sore>: araeeue L " )

.inç,¡ested fr:om 50.7 to 62.1 percent of thej-r hody v¡eiqht l.ate

in the seeson, vrhile old ones ate frorn u,L+.6' t-c 76,9 nereent.

I:Ie shor,vecJ a,1so that the Cail-rz food- int-ake of overv¡i.nteri-nq

shrer,¡s v¿as 9 "7 r;ercent h,icTher than the sunmet: cn-e"

rnverteÌ:::ate contents fonnc-l i-n shret+ st-orna-chs are

usual liz of the f oll.ovrinq orc'lers : Co-l-eonLer:a. r T,€Þ j- cl,onter:a o
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Dipterao llymenopterao Flemiptera ancl Àranae (tlar¡j-Iton 1930,

Rudge 1968, I'üilliams 1955, I"fhj-tal<er anC Fer::aro 1963);

snails ancl s'ìugs can also form part of their cliet (Inçy::am

19 rtz) 
"

triragg (1963) observed that reCback voles and deer

mice (Peron.y:çtls ng!¿ç]!lg!!E) cor-rld eat as nr.uch as 1C00

seeds of J-oclgepole nine and 2000 seeCs of r'¡hite spruce in

a seasont he al-so found t-hat the seeds of lodgepole pines

were Ì:referred, orze:: those of r"'h-ite spruce" Voles anC n:ice

were shov¡n to exibit a distast.e for hal-sam fir seeC,s (Ab-

bott 1962) u r,,¡hile they Ì'rad a prefer:ence for recl pine anc-l

v¡hite p-i-ne seeds over v¡hj-te splîuce" These results contrast

l'¡ith those found by Abbott anci lìar:t (1960) rvhere voles and

n-i-ce preferrect spruce seeds ancl evidentllz ate J:alsani fir

seed.s v¡hen tire fomer food itert was not avai-lal:Ie, hloocl m.i-

ce (Ar¡ocler:rus gyJl¿gliggg) we::e found to be naj.n]y seerl eaters

(T¡latts 1968) al-thougì:r they di-d ingest arthropods; l:anl< vo-

les also shor.uecl the same pattern. At r,:lic1-summero rvhen greens

v'lere avaílabIeo bank voles nra-inly utilizecl 6 species of plant

found later to be the rnost palatable ones (F-l-eharty ancl 01-

son 1969) " I¡ihen gra.ssy plant naterial r^¡as not ava-i-l-abl-e¡ vo-

l-es were founC to eat ínsect ::eniains (nar¡il-ton ancl FÏa¡rilton

1954 ) and rnushroorns (t';illians ancl F inney 19 6 4) " Since vo-]-es

and mj-ce are n,ainly grass-eaterso Chittlz (chittl' et al 1968)

deterni neC. that a 2 fooL sguare al:ea per day for forage was

the minirìur¡ space recruirement of oven'¡interi-ng voles "
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c" liletabolism and metabo'lic recluirements

The r¿etabolism of terrestri-a1 ver:tebrates can

be rneasured d-i-rect.ly or extrapolateC f ront l ahora"tory expe-

riments (CoJ-le1' 1967) " Dírect methods such as the D2O1g

technique (Lifson et al- 1955) o the rrsecl of radioactive iso-

topes (Ochim. ancl Golley 1963) , and telemetry alreadlz shorved,

their usefulness. The inclirect methods used by Brody (1945)

and Svrift and French (1gStt) are nov¡ r,/e11 l<ncr,¡n ancl parti-

cr.rla::Iy usefr:1 in long ter:n, stuc-lj-es, The metabolism. of

small mammals is ofLen cletermined by rteasuring the ox]¡gen

consrrmption (Morrison 1947) o carbon dj-oxide procluction

(Brod]¡ 1 9 4 5 ) and. ur:'i nar:'-nitrogen excreti-on (lIar.;k et al-

1949),

It is known that the oxl¡gen consurnntion can be

base<1 on body weight (kg) , metabolic size &g2/s ancl kg3/ll¡,

and surface area (r2) (Chiu and f-Isieh 1960). But it appears

that the most useful equatj-on was established by Brodlz

(1945) , v¡here the relationship existing betrveen r¡etal¡olisn

ancl bocly rn,eight is expressed try the f ormula Y = a wb;

tnthere Y = BIIR
i,J = I:ody rveight in lcq
a = specific metabolism = 70 " 5

and" Lr = a Þov¡er of transfornat-i-on = 0"73

On the l:asis of such i nf o::nation o Buckner ( 19 6 4 ) calcr,rlatecl

the dail¡r' metabolj-c requirenents of four species of shreh¡s

(S,cinereus u Ê"êsçlisgs, I.i"hoLL ancl å.ÞqggiçSgdg) to be 6.1 o

6"9 u 6"7 and 9.7 lical respectivel.,z" To satisfy such requí-

rements o it r,,ras found that thelz ççl'r] d have t.o ingest. 87 u
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99 o 95 anC 138 sawf l]¡ eonyrr.pÌÌs resnecti\¡elj/, Ì-'ut miEht ac-

!,.^r'r-- r-:1r -.ãr1\/ Fr.)rê- Thar:e WeI'e nO dj_ffefenCes betV¡eenLL¿ciJI)/ l\-l-I-!- ll:Crl1)' ¡i¿v!c¿ ¿f¡s!

the se)(es (Buckner 1964 u ldelson and Asling 1962) " Simj-Iar

results hacl been cal.culatecL i:12 Pearson (1947 ) by assurning

a F.Q (respiratory quoti-ent) of 0,80, The energy reguirements

of short-tail shrev.¡s vlere fotrncl- to be a l-itt1e lor,,'er than

previ.ously repo::ted (l¡artinsen 1969) u probably as a result

of keeping them on a restricted d-.iet" The metabolisn of

shrev¡s can also ctlange from season to season as shovln by

Gebczynsl<i (1965) ; he found tl-rat Ã.Di\''lR. (average cì-aiIy meLa-

l:o1ic requirenent) was B,B Kcal in sunnler, 8.5 in auturnn

and 7 "5 in v.'inter"

It is easv to und-erstanC that i;tost stuc-1ies v,¡ere

conducted on rodents ancl nice since they are easier to l<eep

in the la-boratory" iiowever, 'laboratory strains of r¡iId popu-

l-ations sholved rnetakrolic clifferences fron rvilc-l strains a.t

temneratLlr:es of 10 to z\@c (Gorecki 1966) " llleasures of neta-

bolic rates should be put on a Rl-lR (resting metal:olic rate)

or a ADMR basis, a] though the latl:er f orm is more convenient

for conputing daily energy bu<lgets (Groclzj-nski 1969) " oxygen

uptake r,,ras founcj to l:e independ-ent of the oxygen suppll' dov¡n

to about B0 nrm lig ilurj-nE rest at 27@C u to about 1 15 r"m Ìig

at 5@C (Segren", a.nd I{art 1967) " The F.}tR of truropeatl conmon

voles (I[icrotug efyå]åå (Pal-l.)) r'ras founcl. to va::y in a

straight-lj-ne fashion betr+een 5 anC. 30âc (ltrc,jan ancl Ï.dojcie-

chor^rska 1967) i at ternperatures beLv¡een 5 anC 10@Cu the Rt'iP.

of f ernales i¿as hi-gher than that of rnales. The oxygen consump-
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ti on is lcnown to increase r^¡ith a cl-ecrease of arÙ:ient tempe-

raLu::e¡ âs shor'rn by Darvson (1955) r l"IcÌJab and t"lorríson

(1963), and Murie (1961) " rrat deposits do not influence the

metabolisr,r of animals provJ-ded they stay v¡ithin st,andard

limits of 20 percent. of the total- krody rveight (l'tct'¡ab 1968).

The I-ìEB (daily energy budget) of bank voles was

estimated at 10"2 Kcal during winter and. 10"6 Kcal- c'u::i.ng

sunmer; 13.5 ancl 12 "6 Kcal for European connìon voles I 11 "2

anc 12"3 Kcal for field mice (Grodzinsl<i 1966) . It{etabolism

and hemoglobin contents of voles were positively correlatecl

except in rvinteru v¡hen high oxygen consumpt-ion v,¡as observed

r,¡ith the loi¿est I¡loocl hemoglobin content (Shevcheni<o 1968) .

HarvesL mice (ReithrodontomYj; fulvescens) showeC a reverse

energy expenc]iture pattern; in sulr¡er thev consurned 5"6

Kca--l- per clay and in v¡j-nter B"B KcaI per dalz (Gaertner 1968) '
an B0 percent increase in energy requirenrent.

Pregnancy ancl lact-ation- are periods of intense e-

nergetic requirements for European comrilon voles; pregnant

fernales reached a consumption of 1B"B I(cal Þer da-y and l.ac-

tatinç¡ ones 21 .O KcaI per dar¡ (llrojan ancl i'lçjcieschot^¡ska

1967); this represented increases of 23 and 37 percent ener-

g:/ e><penditure conpared to non-repro<lucing f eniales " Kaczrna.rs-

ki (1966) estimated these tr¿o functions to requi-re 3?. and-

122 percent nore energlz; I'ìe also showed that a l-itter of 4

r,.¡ould ::equire a total of 364 Kcal from the nother" l{-igula

(1969) found that the production and nu::sing of one young
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vole i:equired 75"9 Kcal.

Besid-es reprod.uctionu the DEB noCel- j-s composed

of nest l-j-fe a.nd sea::ch. for food (trojan ancl llojciechot'¿sl<a

1969). It r¿as founcl that n,ice could spenC 2"3 Kcal per day

in voluntar:y activitlz u.n<.l.er clifferent temperatures (10-20-

30øC) u r^rhich macle up 12u 16 and 27 perceut of thej-r: total

c1aily expenclitlrr:e. The r^¡orking oxygen consurnption of Euro-

pean cor'rrnon voles was 6.5 times the restíng value while

that of the l:ank voles v¡as 7 times the resting value (Jans-

ky 19 59 ) " The act of s'¡in'.ming in r^¡hite rats t^ias f ouncl to

consu¡le 2 or 3 times the l:asíc values (Lustinec 1958) " Si-

nrilar results were obt.ainecl for L'ank voles (2"0-2"1) and

f ield mice ( 1 ,6 ) (G::oclz-inski and Gorecki 1967) 
"

The inf 'l uence or nest life on the m,etabol-ì sm of

anirnals was in<1irectl-y estimated. Darkness \{as founcl to cle-

crease by 27 percent the oxygen consur,.r.ption of llu::opean con-

mon voles (t'rojan anC. Irlojciechor'¡ska 1968) " The effect of

hudciling with 6 aninals or more tras also found. to decrease

the basic requirenents of voles by 36 percent (Trojan and

l/ojci-ecl-rov¡ska 1968) " Using 4 animals at a time, Grodzi.nski

and Gorecki (1967) lov¡erecl the requj-rements of l:ank voles

bv 1 3 r:ercent.

Co Interactions l:etween small marunals and insecLs

i^'le usually understanc-l by population d]¡narnics stu-

díes those r.¡hi ch cletermine changes in qualities and quanti -
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ties of populations of living thinEs (t¡faters 1967) " Se-

¡.zeral inethocls can be liseci to stud"lz the dlznariics of popu*'

Iatíons among r,¡hì ch the life l--able approacTr is pr:oÌ:ably

the ¡rost rn'iCely knov¡n. In cleve'loping life taJ:les of na-

tural populations of insects o special considerations al:e

usually given to sanpling techniques (llarcourt 1969). The

sanpling methods usecl rrrust consicler the follor'¡ing basic

conditions: selection of sampling unito timing of sarnplesu

nultipte habitats, border effects ancl the simultaneous

sarnpling of tlto or tl,ore species. other cons j-Cerations 
u

such as the destruction of a populat-ion by sampling and

the identif ication of niortality f actors u contr:ibute to

the dif ficultv of sari,pling scarce insects (Knight. 1967) "

Since discrepancies are bound to occur between sam.pling

techniques o it has been suggested that several nethocls

should be used to estim,ate a gíven nopulation Daramete::

(FIanson and ilovanitz 1968), Furthe::r.norer in buil.cling up

population rnodels, students of populations shouldr âs sug-

gesteC by Levins (1966) u sacrif-i-ce preci.sion to realism

and generatity (Mac Arthur's approach) inst-ead of sacrifi-

cing generalitrz to realism and precision (llollingus and

tr{attss approaches), Because of its realj-sm and genera.li-tv,

it. is not surprising to see the populati on clynan".ics ôata

often anal'r'secl in a life tal:l-e fashion"

The life table studj-es of gypsv r,roth populations

suggested. the larr¡al- and- r'uoal- sta-ges to be the nost inpor-

tani: factors in their population fl-uctuations (Campbell-

1967) " This constituted the clreatest source o'f variation in



<lensi-ty among cl.ense nopuJ-ations and this is v¡here verte-

]:rate p::edators do shov¡ thej-r main impact, Snal-l- mar¡¡naIs

and b-i-rcis are usually important prcclators r,¡hen populations

alie Lor^r because of their im,pact on resic'lual popul-ations

(Embree 1965) " It has been Cetermíned tha-t smal-l marn:nal-s

can locaJ-ly ciestroy between 1t+ ancl 90 percent of a gi-ven

insect population (IJuckner 19 6tl u Ernbree 1 9 6 5 o I'rTcleocl 19 66) |

v¡here preilatíon foll-ov¿ed the accessibj-lity of the food.

Buckner ( 19 6 4 ) shorvecl , f.or exar:rpl-e, that a masl-,ecì. shrev¡

coulC Cestroy 833 savrf ly cocoons per cìa1' r¡¡híIe the basic

recruirenents of such a-nirnals woulci not pass B7 ¡ this rç'a.s

also the cas;e for three other shrev¡ sneci-es of l,lanitoba

bogs,

Sma-Il t:ammals ca-n have a vel:y important- influ-

ence on the dynarnj-cs of poprrl ations ]:1' feed.ing rnainly on

a gi ven sex. Iiolling ( 1 9 5 B ) shor,¡ed that v.rild shrev¡s and

mice opened rnore female than r,rale salvf ly cocoons; he found

that masked shrev,'s, short-tai-l shrevrs anC deer mice open-

ed respectivell' 4, 11, anä 7 percent mo::e fer,rale cocoons"

Ilcl,eod (1966) suggestecl that smalI ¡rari'mals mj-ght consume

the smaller male cocoons v,'he::e found l+hile they r^,'ould trans-

port the larger female ones for greater clistances.

Sone authors reporteC a nunerica'l response of

preclators to populations of forest j-nsects but such respon-

ses are stilI r:a-rely mentioned in the literature, Iìolling
(1965) showed that certain shrernr and rodent sÌrecies chanqed
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nuneríca-l,ly follorving changes ín Eu::opean nine savrfllz po-

pulations in nlantations, These ni-rmer-ical responses of

predators to prey nopulations are usua,lh¡ of four tynes

(Va::l-ey and Gradrrrell 1970): directly density-Cependento

inversely density-dependent, <1e1 al¡ec1 densitlz-cìepenclent and

dens i ty- 1¡6."penc1ent "

It. was shorn¡n that numbe::s of sinEing male bircls

increased from 49 "4 per 100 aclîes in 1965 to 94.3 per 100

acres in 1967 following a tv¡ofold increase ín budv¡olî!'i pre-

clation (frorn 1.8 to 3,5 percento Gage et aI 1970). Buckner

ancl Turnocl< ( 1965) founcl that predators (resident bircls)

of adult. sarvf lies responciecl to changes in adult populations'

predat-ors of larva-e to chanqes in la::val- popul-ations and

predators of both larr¡ae ancl adults either to larval popu-

1 at-ions or to oopula.tions of both the larvae and- ac],ults 
"

Some birds (woocl warblers anc'r balr-breastecl- \{âlrblers) showed

a very rapid, increase to high population level s of spruce

budworms (Þforris et al l95B) ; maskecl a.ncl short.-tail shrev"s

showed also a direct numerical chanqe v¡hi-]-e deer mice ancl

redback voles registerecl inverse responses. ifov'rever, l[orris

(1963) reporteci that small m.an'¡na1s did not inf luence epide-

mic populations of spruce budrvorms (Chor-istoneura fumiferê:-

na (CIem,)) although thelz might have a certa-in role v¡hen

such popuJ-ations reached- their 1o!'/" Äccording to Btickne::

(1967\ ø the predatory populati-ons respond,ecl. nurnerically in

tvro r,.ra1's: througih breedingo '¡h-ich for¡red a breeding nur.".eri-

ca'l lîesponseu ancl through behar¡i-or:o vrhere ponula.tion rnove-
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tients accountecl for the increase in tl-re nur¡J:ers of preda-

tors " It v¡as f ound in sonre ì nstances that num.e::i cal- ::espon-

ses of shrer,'s \.rere behar¡ioral (Bucl<ner 1969) .

Density-d-ependent relati onships of predators

to prel¡ densities \^Jere shov¡n to forn r,vhat is called a func-

tional response" t{olli-ng ( 1965) cletermj-ned three çieneral

tlzpes of curves that preclators usnally ::egisterecl v¡hen

feeding on prey species" The first (I) and seconcl (II) ty-

pes of curve shor,ved Ì:y invertebrates follorved respectively

a linear anC a curvilineari ncrease to a plateau" The third

(III) type, thouqht Lo be onl1z a vertebrate fashion, repre-

sented a s-ignoicl or S-sha-perl curve which anpa::entJ-y held

true only for species possessing a certain learning capaci-

ty.

The functional response of- some invertebrate

predatcrs was founcl to l:e cor::elatecl. to hr-rnger and. a r^¡hole

array of other nhysiological- condì tj-ons (ttoJ-linq 1966)

'øhich of collrse deterninecl the shape of the curve. Phlz¡6-

seiid pred-ators shov¡ed a curvilinear rise to a platear,r

(Sandness and l4ctfurtr)¡ 1970 ) lvhile parasit.ic v/asps regist-

erec-l a signoicl one (Takahashj- 1968) , Buc]<ner ancL Turnoc]<

(1965) founC tirat responses cf resiC,ent bir<ls \,/ere of- the

three types mentionecì ear-ì-ier, althog.gh several species

resÞonrl-ec1 to prey population bj/ a sign:roid curve, Sorne sma1l

mammal species shovred a type III curve in their preclation

upon sar+f.l1z cocoons (Iiolling 1965)" Iie also proved that
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the outline of the curtze s¡¿r¡er] the sanre even w-i-th the

ef fects of alt.ernate foocls v¡hi ch clecr:easecl sav¡f l-v consurìl:,-

tion in nror;ort-i-on to the increasecl eonsunntion of the

fll.!ïr.-er lOOC -l-ten"

One of the nu::noses of stuclvinc¡ a nreclaLor-preY

svstern is t-o he able to rrrecJjct fu,ture noÌrnl-at-jon l-evels"

l.lorri s ( 19 59 ) usecl t-he sinqle-f act-.or ana,l-r's j-s (kert-f actor)

t-o imnrove t-h.e p¡:edj-ctal-lj f -ity of fut.u.r:e qenerations of

budrvorns" I-le found that l^larasitismo as a lrey-fa"ctor, -in-

proved Lhe pred j-ctahi.litv of fut-ure ponulatS ons of huc'l-t¡rorns

frorn 45 to 86 pe::cent ancl from" 38 t-o 46 pel:cent fo:: sâr./-

f lj-es. Parasitisrn tn¡as also founcl. to be a l:ev factor actincr

on sar^¡f-l-ies i-n the hîa.ratine r''rcvinees ('l.lei-lson anil lro::ri-s

1964) " These worker:s shor.'ec]. tha.t rlara.sit-ism, as a l<er¡-fa.e-

t-o:: -inereased. the nrecf i cta.hi1.i t1r of saruf -ì-v nonul ations l-'lt

11 per:cent (from 59 to 72. percent), TheY al-so attrihtrteç'l a

ke:I role to the ve::tebrate n::erlator:s j,n the ponu-lat j-on <lv-

namies of sart¡f 'l:l-es. Al-thorrqh l"iorr-is (i.n lrorri.s (ed. ) 196'3)

shovzecl t-hat small mamm.a.l-s trJ-a1zs¿ An insignifi-ant ro'le i.n

the Clrnamies of Ì:uclv'rorms, small hj-::ds ï7ere founcl to }¡e one

of t-he major control-l-j.ncr factors of lor'¡ huclrrlo-ìtrt, non',rl-ation,s.

Fmbree (1965) noted the irnoortance nl.avecl Ï¡r¡ sma.ll, rnanrnal

nreda,t-ors, but they hTere usuallv o\¡ersha-c-1o'r.Iêd bv par:asi-

tism effects" The impact- of shrer'øs act-|nqr as a- kelr*fa-cto::

in the dynanies of Jack Pine sa.vrflies (äeo-d.ipri.on sr.vainei'

l.{.idc-'ll-et-on) was stressecr, by }'"cleod (1966). On the rthol-e,

the stud.i es shov¡ Lhat the small m.arnma.l nredation upon epi-



clemic forest- insects does not play a ke1¡ ro] e in their

population reguì-ation "
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Stuciy areas and plot clescriptíon

Small nram¡ral and larch looper: populations viere

stucliecl in the 7 perna.nent investigat-ion nlots of the l-,arch

Sawfly Team of lvianitoba" The plots v"7ere situated as fol-

lows:

Rennieu 10 miles north of Fennie tov¡n
Telfordu 7 miles east of F-ennj-e tor,¡n
Se<lclon's Corner, 3 miles east of Secldonss Co::ner
Pine Fal1s, 9 miles north of the povrer da¡n
P,iverton , 23 niiles north of Riverton
Dan,;inu 5 niles north of the fireguarcl- road
I-Iodgsonu 15. miles east of llodgson

fn acldition to thisu i1 nevl locatjons of tanarack

stands were chosen v¡herein trapping and ¡ pupae planting u e><-

periments could be unCe¡:taken. They were sit-uated as fol-

lov¡s:

Ãr Canaclian National bogu 5 miles north of Rennie town
E 8 2 r¡.il"es north of Rennie town
C, 2 1 /2 miles north of Rennie Lown
D, 2 3/4 ¡niles north of l?,ennie tov¡n
[, 1 mile east of the Forestry Field Station
Ir, 1 mile east of the Forestry Fj-elcl Stationo opposite

toE
Go 7 1/2 miles east of Rennie tov¡n
TIu 3 1/2 r.iles east of Seddonrs Corne::
I s 1/2 rnile north of R.ennie town
J s taraarack bog beside the Fo::estrlz Fiel-d Station
K, 19 miles north of Rennie town

Their exact I ocation is shorvn i n f igure 3. A more cornplete

¿ssc¡iption of these plots in terms of tamarack trees and

rnoisture conditions of the forest floor is qiven in Table 1,

Ruckner (1957 ancl 1959) describecl in more cletail-

the vegetation cover of two typical tarrara,ck bogs (nennie

ancl Telford plots), Tarrrarack stands are often mi-xeC lvi-th

Black -cpl:uce (Picea Jle€IeTìA (I.{i11,) BSP) or Srvamp Birch (Be.-



iligu::e 3. The locat.ion of sanpJ-ino n-1-ots"
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tu1a. pu¡t¿¿ê L.) or T¡:enibling Aspen (fenU]uÊ lgeEgþ¿ges
l"t.icirx) depencling on the sit.e of ttre plot, The unclerstory

conr-.rises different comk¡inations of the follor¿-ing herba-

cious plants and nosses: spha-c¡num ancl peat t-rosses, Labra-

Coi: t-ea (Le<lum groenlandicum Oeder) , nitcher þl ants (_€eg-

Laçgrl¿_g puEzure L") u gra,sses and sedges. Surface v:ate::

occupies also some of the substratumo especj_all1r in rret

pl-ots sueh as Telford and Dan^¡in,
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l,laterial and methods

A* Sampling technígues for ínsects

ân PopuJ-at-i-on ch'naniie.

Technigues for the stucly of the larch sawf-lr¡

populations have also r:roved to be useful fo:: m.easuring

Semiothisa FoÞui-ati ons " In the case of the larc]l sav¡f lt¡

investi-gations ¡ Þopul ation u f i>les u v/ere made at three

points in their life cycle: egg, la::vae ancl aclult sta-

ges (Ives et al 1968) , rves (196,7) used oj-i- drop funnels

t,o neasure populations ancl nopulation paraneters of the

larch sar..rfl,yo a technique vrhich has provecl useful j-n the

current stucly on Semiothisa. This technigue consisted of

a funnel v¡íth a two sguare foot collecting area directecl

downwards towards a trap fílled lvith a mixture of oi.l-,

alcohol and wate:: v¡hich preserved the f alIen larvae " The

role of t-he v¡ater in the trap is to keep a constant arnount

cf oil-alcohol mixture in j-t, The::e t^Jere 30 of these traps

in each investigation plot"

The 1968 populations of emerging adults vlere

estimateC by ernerging ceg:es (Turnock 1957) " One hundred

units rÀ/ere set out ran<lonl-v in each p1ot, The caqe con-

sists of an inverted funnel whose opening is directecl to

a terrninal plast.íc container possessing a sr.nall styrene

funnel " The en:rerging adults u atLracted by the tight co-
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rino throuq'h the hole in the l-j.do are t-i:anperl anC kjllcd

instantl*,/ hy a killinq suhst-ance (e\iapona0 eube) ,

The estim,atecl nopulat-ions of l-arch J-ooners Llsec'

for th.e life table analyses vüere ca.ler-ll.ated. hr"' the foll-ov¡-

i.ng fornula.: lJ1/N2 = X"1/y.2, wher:e

tl1 = the number of larch sah,flv larvae
dron funnel-s,

ll2 = the number of larch looner lar:vae
clrop funnels u

X1 = the estimatecl nopula.tion per acre
larch sar^rf 3-y staoeo

x2. = the unknov,Tn Þa-ra-rneter"

The llormula r^¡as apnlied assurnin.cr sini--'ì-ar ¡.,ortali-tr¡ rates

for both insects.

Fielcj d.ata coneerni-ncl I arch loone:: anc."' larch

sar^zfJ-y nopulatS-ons ai:e shor^¡n in Tables 9, 10 o 11 anc-] 1?. of

the AppenCices.

b. The calorie val.ues of l-arch looper: -l.ife stacres

The calo::ic values of larch l.ooper life stages

v,7ere Ceterr¡.ined. the same r{a}¡ as those of other l:oo lenidop-

tera (Ber<,reron and Buckner 1970). The aclulto larval a.nd nu-

pal stages v¡ere collectecl in or near the nernanent sannl incr

nlots of tJre Ia::ch *qawf -l-v Tearr of llla,nitr:ba, Aclult- Þonula-

tions \^rêre coll-ected fror¡ energence ca.ges (see ssamnl.inq

¡s6þ¡-i-ques of insects0 o for no::e details) . The la.rr¡al col--

lections came from the larvae sar"nlinq tr:ans conmor'. l1.z narrecl

<riI clron funnels (Ives 1967) " The l-arvae vlei:e i<lentified bv

J"C"tr" l.{el-r'inr a senior tech.nicia-n of the Forest- Inseet-

and Disease Survey, ll-i-nnipee; thev \,rere later classified by

founcl in oil-

ïounc. tn ol_ .L

of a. oiven



eq

instars f ollowing l'IcGuf f in u s clescr-iption (l4cGuf f in 19 47) .

Pupae were obtained- by beating the trees to colject the

falling larvae on a canvas sheet spread underneat-h, anô

rearing these larvae to the pupal staEe on tamarack fo=

liag'e.

The specimens v/ere d.ried for a v¡eek at 100@C

anC weighed, They v/ere burnt aft.en,'arcls in an Autonlatic

Àd.iabatic Bon'h Calorimeter, and their caloric values cle-

terminecl. The caloric measurements v¡ere appl-i-ed. in terrrrs

of ipotential biornassn and potential intake for small r,iam-

mals of the lt'lanitoba bogs (Bergeron and. Buckner 1970) "

B, Samlrlincr techniques of sma-l-1 inan-¡na1s

a, Trapping techniques

The srnall niari¡nal populations were estinater'l

f rorn the t capture-recapture E and snap-back trappíng rr,ethocls.

The former technique consisted of setting ou.t,, on a B >( B

gri<1 u 64 trapping stations ha.ving 2 traps ea.ch. Each set

of traps was put at a cl¡ain -ì-nterval (66 feet) " The Sher-

man 'l ive traps v/ere baited with peanut br:tter r^¡hich harl

proven prerriously to be very ef fective (Bucl<ner 1957) r so-

me nesting material was also incluðed" The pitfall trapsu

as described by Buckner (1955) v¡ere baited- vrith meal-t^¡orms

and visited several times d.urino the dar1. The ani¡nals were
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handled bv releasing thein into a p] astic bag through r¡hich

species and- age were read.il-y determjned" They were then

r,rarked b'12 toe-clipping anC released"

At Lor.r po¡rulat,ion levels o conplete recapture

v/as usnally possibleu but at higher cl,ensities the popula-

tion v¡.rs estimated us5-ng the Lincoln Inc-lex" The form-ula

consists of the following equation: P : a n/ro rvhere

P - the total estimate
a = the number previousllr ¡'ra::kecl
n = the newest sample caught
r = the r:tarked animals caught in this sanple

The conclitÍons for the valÍdity of the eguation \^I€r€ dis-

cussed earlier in the text. Buckner (1957) sugç;ested the

use of the final cletenninatj-on (sanple) for lrrore accuracy

s-i-nce t-he confidence interval decreased on successive de*

terrrinations.

In additiono 11 plots t,rere tranped. using stan-

dar<1 trap lines of 50 snap-back traps; each plot vras trap-

pecl for 3 to 5 consecutive night.s, The methocl involved

setting 5 traps per horizontal section of 15 feetu each

being 40 feet a.part" The area thus trappecl arnounted. approx-

imately to 1/10 of an acre" The resul-ts v¡ere r;ut in an

fndex format and usecl in correlation to stonach conLents

ancl for determinations of the small mammalian rrredation

utron larch looper pupae,

bu Food preference tests

Because of the scarcitv of l-arch looper riraterial
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at the time of studlzu indirect nethods were rlsecl to as-

sess the preference for larch looper and larch savrfly

oven¿interinç1 staçres,

Eight o1f acto¡reters basecl on Holling u s appa-

ratus (l{olling 1955) and modifiecl b'y Buckner (1964) r'¡ere

placed in wooden cages. Air streans passed over pupae and

cocoons; the nun'J¡er of visits to each air strean vlas re=

corcled. bv means of rnicroswitch treaCles (Ra1' D'G'H" 1969 t

unpublished manuscript) connected to a 20 pen Esterline

Angus lì-ecorcler. The gieneral outline of the apparatus is

given in trigure 4 "

Experiraents were conductecl with shrews ancl vo-

les. The f orrrer group v¡as testecl as soon as they llere

caught becatise of the difficulty of l<eepinq ther:r alive

under a::t.if j-cia1 conditions. Voles u ât times, vrere kept

away frorn ptlpae and cocoon odors as much as trvo weeks

before the experiment" A three-day acclimatization pe-

riod was allorved !:efore rveighing and sexing the r¡oles i

the experim-ents lasted for another three-day periocl,

Shrev¡s were analysed under near natural condítions of the

sumrner months (1970 and 1971) and v¡ere given food and wa-

ter supplies aC libidum" The redi¡ack voles lt7ere analysed

uncìer constant terùperaLure of a cold roorÍì adjustecl to 40o¡'"

The choices given to the voles v¡ere conposeC

as f oll-ows c

1. One healthy larch looper pupae vs
sarvfllz cocoon

2, One healthy larch J-ooper pupae vs
larch sawfh¡ cocoon

one healthy larch

one parasitized
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Figure 4, O¡tline of the foocl prefcrcnce test a.Fnare-{:us.



. 
F

O
O

D
,

A
IR

 F
LO

W
 C

A
R

R
Y

IN
G

P
U

P
A

 O
D

O
U

R

A
IR

 F
LO

W
 C

A
R

R
Y

IN
G

co
co

oN
 o

D
ou

R



39

3 " one healthlz larch looper pupae vs 10 healthy larcir
sar.rfly cocoons

4. Ten healthy larch looper pupae vs one heal-th1z l-arch
sawfly cocoon.

Shrev¡s vTere analysed using the first series of experinrents"

c" l4et.abolic requirements of small mamntals

The metabolism of redbacli voles was determined

b)' their o>{ygen consuroption. The apparatus was a modifica-

tion of the closed-system autonatic respiror,eter used by

Buckner (1964) " The metabolic cages consìsted of batterlr

jars containing a screen mesh floor partly covered under-

neath by a sheet of polyethelene plastic in orcler to pro*

tect the uri-nary excretíons and sorla lime pellets from fe-

cal contamination and permit the latter ones to absorb tr'a-

ter and carbon dioxid.e. The apparatus hacl also feeding

trays and v¡ater bottles kept to the side of the jars by

suction cups (Figure 5), Foodr¡ and r¡¡ater v/ere given ad !!-
bidum at all times" Some nestinci materials v¡ere also in-

clucled in the system"

The oxlzgen consumption vias recordecl a.utomat'i cal-

ly by a manoneter-t1rpe-respironeLer (Ray D"G'lI", 1969 ! Lln-

published manuscript) connectecl to an Esterl-ine Angus Re-

corder; readings t{el:e corrected for each 24-hour periocl

bv the introCuction of a thermoJ:arometer in the r,.¡ater bath"

The r¡.anonieters were calibrated after each experinent to ni-

* The pig start-er pel-Iets used \,¡erê
rrzaterø 18"1% cruCe proteinr 40.0%

compcrse<l of : 12,7 ,q, f ree
crude fat, 3.A% salto
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Fj-gure 5. Typi-cal netal¡otisrn ca-ge r-rsecL to <ieterrni-ne the

neta-bolic rec-luireIìlents of recll:acl'" voles.
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nímize the nossible effect- of the room tenpe::atrire on the
v¡ater 

"

The reChack voJ-es \.^ierle cantnrecl pa.rt.l-¡¡ in auxil--
låry tra.n-lin-es of a pern,anent sanplinq nlot cf the \/erte-
l¡rate llcolooy Teamu and. partlv from another plot near: the
l'Iuel-ea-r Pesearch center of pinawa, l4anitoÌ¡a, The nev,,ly eap-

tured voles r^relîe brouc{ht to the l-ahorat-o::rz an_d acclimatized
to their nev,' environnent for a minimum of a m.onth" Thev v¡e-

re then praced under exne::imental conclitions for a one-cl.ay

neriod and f inalll' testecl for another 2q Ìro¡rs. The meta-

bolic caoes \,rere immersecl i-n a r,¡at-e:: bath kent a.t a cons-
t-ant tem.perat-u.::e for tJre nerj-oc of t-he exner:j,nent_" The tern-

neratures ranged from 53 to 73o F (11.6 to 22.8oc)" The

cai-or-ic tit-itizatj-on in the rneta-bolic Ðrocêss \¡râs ca-l_cula-

ted after BrodyIs technioue (ßrody 19451 
"

c" samnlinq techniques to find- sr,rall rnammal ancl j_nsect re-lationships

ô-" St-ornach analyses

l{íce o

rack plots of the
f-nrnar n'l n*-t T]heL "J-vvt o

r.lll- i rra rl:r¡c rrc '*-* ; .- _.i Ingi

voles and shrer,:s rtrere t::apned in 12. ta.r¡a-

l-{hiteshel-1 region (¡. to K and SeC_<Jon 0 s

trarrping periocl I a.sted, f rorn 3 t-o 5 eonse-

standarcl li.nes as descrihed ea::_'lier" The

0.85Í cal-ciumr 0.65% phosphol:us,0.008r zine, traces of ni_t-rate, 4000 Iti/l-h' of \¡itarnin Ä., 600 Tïl/Ib of \,'itarnin D; the
calo::ie r¡alue of the foocl r,¡as esti.mat-eil by the au.thor at4"47 l,.-caI/E of d::y r,,'ej.qht.
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r;lots \,,rere snar:'-Jiack tranneC in ,Tr-r-1,y u Ã,ucust o Senter:rher

and October of 197 A anC Fehruar\z u l,rarch, Anril u l'4av o Sep-

temlrer anrJ, Oetober of 1971,

The nev;ly cauqht snecj-nens vlere frczen. TJrer¡

were '1 ater cut alonq a rrid-ventral line to l:erf.'o\¡e t.he sto-

r,rach, The volume of content-s was then nea.sut:ec] \¡rith the

rr.r;e of a qraduatecl tcst tube, Storr.ach contents \¡rêrê rvash-

ed afterwa.rds in moc-leratelv hot v.¡ater to renove fat ancl

gast-r:i.c juice (lJill-iams 1959) " The contents hTere then

nlacecl. in a pet-ri Cishu the trottom cf rshich hac'l heen sc::i_J:-

ed into 500 egual portions usinq a neeCl_e ancL a ruler" The

contenLs v/ere ex¿rmi-ned uncler a ]:inoclrJ-ar m-i-e::oscoÞe (¿t00){)

and conpared, v¡-ith cont::ol- slic-les i'¡hìch hacl heen n::ena-reci

he fore. These control" sl j-des rnei:e prenared- a,fter allcr.¿incT

the sm.:Il nanr-als to feecl fr:eelr¡ on Ia::ch looner and l-a.rch

sal¡f1r¡ cocoonec-], stac'res. These a"ninal-s tlere hitled after:

the nerioC of free-feedino, and thei-r stor'"r.ach contents ex-

a¡rinecJ and rrountecl f or ref e::ence l-.ultDoses.

h" Þunae plantinq techni-oue

Ä¡noncr the 5 tecl-rnicues r-rsed br¿ Ììuekner ( 1 9 5 çl ) to

r-l.eternine the sat'¡flv cocoon preCatj-on J¡r' sr¡.al1 rar¡mal-su the

cocoon nlantincr technicue nrove<J- to be verv tisefu]-" The

technicrir.e consistccl of tl'inçi a sino'le puna r,¡jth nylon

th.i:ead to three-inch ti:ee t-aqs foll-ov¡erl hy bu::r'inq jn ta*

rraracll hoc1s Lc> a- dentl: of annroxir¡atel.¡ 2 inches" Punae
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r^/erê pl-anted ín 12 Dl-ots us.ing the follov¡ing cìensity pat-

tern: 6 plots plantecl with 25 pupae, 5 -l'zith 50u 2 v¡ith

750 1 r.¡ith 100, 1 v.rith 125, 1 v¡ith 150, anC 1 v¡j-th 175 pu-

pae. The pr.rpae \,,/ere left in the pJ-ot.s for the p::edation

period and then brought bacl., to the la-bo::ato::v for further

analysis. The pupae \^/ere left |n the bogs for a 9-rnonth

perioc] in 1970 (f ron ?.uç1ust to I'1a12) and f or a 3-ra.onth pe-

riod ìn 1971 (from Attgusl to flovem.ber). To determine the

fate of a given pupaeo cJiffer:ent categories were usecl:

nreyed- at the taE location
hoarded (not found. aL 'Lhe planting site)
not preyecl. J:ecause of parasiti sn
not preyecl beca.use of d,isease
alread.lz emerc¡ecl at tìre ti-ne of recovel:\,/"

Thj_s pupae planting Eave a pictur:e of the total ¡iortali tl'

e>lperiencecl b1z the larch looper nr-rpal stage,

To deterr'iine the mortality causeil by other pre-

dacious spec-ies on larcir -l-ooper populations r one 'small-

narnr,al-free-cager was; set ou-t j-n each plot. The cage vTas

triangular in shape and contai ned 20 larch l-ooper pupae

l:urieC in the rnoss " Quarter-inch rnesh screen hTas used' Lo

isolate these pupae from niam.m.al-ian predation although beet-

les and other preclatory insect-s coul-d act freel-y" These ca-

ges \¡Iere l-eft in the bogs the sane length of time as that

of tþe pupae exposed t-o preclation, and vlere anall¡sed the

sô-rne. By subtracting this partial ncrtal-it1z caused Tly other

preclatr:r1z species o f rorn the total nLorta-l-it1r, a ciirect es-

timate 6f the maruralian predation \'¡as assessed"

The sniall marnnal populat'i ons were rletermined u-
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sinq stanCarcl trap-lines of

TÌ:ey \.iere usual l-]' traPPecl j-n

50 trans âs descri-becl earlier.Þ! 14l,v

o:r] r¡ f:rl l
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Results ancl cliscussion

À. The population eco:l-ogy of the Seniiothísa comp-l-ex

a u Popul-ation cllznantics

1" Li fe {:abIe ¿¡¿'llrsis

The life tabl-e äata were analvsec-l onh¡ for the

most nuraerous snecieso the green J-arch l-ooperso E"s.e;{Segg-

le!e, Iiov,rever, ftirther cl-.rt-a on hancl suggest that the ? o-

tlrer species foll-orv the scarìê pat-tern. Table 2 of. the Ãppen-

cli-ces shoçvs the 2 nrethods usecl to conver:t the cl.ata as sltcj-

gested by ila::court ( 1969) " The f ii:st one o tlre f ra-ctj-ona1

surviv.,rls (survival rat-es = S") of the age j-nterva-Is j-s

given }:y the following fcrrnu]a:

gener:ation survival : Í,g = 51 X f Z, X 53 or

loq $ = foq Sn + loq S^ + Icc¡ Si.-q"t"¿"J

The seconci conversion proposecl by Varley ancl Gradwell (1960)

makes use of the k-values r^¡hich are neasured br¡ the <liffe-

rence e-:listing betr.ieen the successive val-ues of log 1* with-

in a generation. The raethoci gives a. rrleasure af- the ]<illíng

pov,'er of a nort-al-ity facLo:: cr rnort.aJ-ity facto::s affecting

the stage. The tota-] mortality K is usually calculated by

acldinq the individual val-ues k1, k'n l.-3 etc".. r:esulting

f r:or¡ the pa-rtåal mortality of ciif ferent stages.

The k-values for the rruna]L stacre are rierY Jliqh
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anc tenC to i¡e larcier than those affectinq the other sta-

Ees" As sucjgestecÌ by Varlelz and Gr:adr''e11 (1970) u tire den-

sitlz-¿stenclent- nio::talitl¡ could be establisheC by tl:e for-

rnuIa

lç - a + b log(N)

v¡here k is the interr¡al mortal.itYu þ the slope of the re-

qression, a the int-ercept ancl N the nunt]:er pe:: unit area.

Such relationships v/ere compiled and tal:ul ated in Table 2 
"

The ta.bIe inc,licates strongi density-dependent rncrtality in

3 of the (í j-nvest-igation plots. It is thought a] so that

simj-1a:: rel-ationsh-i-ps clo indeed. exist in the other nlotso

-r1-l-rnrrnt¡ rni- shov¡n. This is sugciested Ìrv the fact thateI LIIUUYTT .!:.v (-

most pul:lishecl data on densitlz-6st.nc1ent- nortalities have

values for the slope EreaLer than 0,2 but less than 1.0

(Var:ley and Graclr¿e'l I 1970) , On the ba.sis of this criter:iono

j-t appealrs tha-t Rennie plot v¡oulc1 be the only one not to

shor¡ the cJ-ensity-depenc,lent r¿ortality, Sorne authors believe¡

hov¡ever, that in such cases the densi-t1'-rlependent effects

of each sta-ge interr¡al- could be adclitive a,nd coul-d combi-

ne to give a very important total effect.

2. Intra-qenerj-c relationships

The last section suggest-ed that t-he green -l-arch

looper populati ons cculcl be regu-l.ated by Censity-<lependent

f actors. The intrageneric competition r^¡hj-ch cottld be re-

flect.ecj by the numJ:ers of lan¡ae col-l-ectec'1" frcrn the inves-
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t-'i-gatíon pl.ots offers a fj-rst attenpt- t.o evplain the larch

looper ritortality "

The nunJ:er:s of fallen l-a"r:vae fron tarira.rack trees

pr:obably offer the best nopulation anallzsis since they sho',/

cnlr/ the Lr:tre r:ecoverj-e s of a cri ven popul.rtion and not the

estinrati on of the Fopulation level frorn statistical analy-

sis. The cof lectecl larvae from 7 nerr,ranent sar-rpling nlots

are plottecl f-or I consecutive 1'ears i n Figu::e 1 of the Ap-

penilices. Peal-,s ancl dips of the three stucliec-l specj-es tend.

to coincide" This is espec-ial-Iy true in Rennie plot \','here

the species follor+ecl the san-re pattern of fJ-uctuation. Pj--

ne lîa-lls and Da.rv¡in plots illustrate the sarîe t::ends. Ta-

ble 3 of the Anpendices shows sonle of the relatj-onsh-ips

e>li.sting betvreen the species v¡hen t-heir numher:s alle anaJ-12-

seô. int.o a Censity-d"epend.ent pattern" In Dan'¿in ploto a

positive correlati on exists between å. signaría nuribers of

the present generation ancl those of the follor^¡ing one (n+1

year basis). Sinila:: pos-i-tive correlations e><ist betr.¡een

S . sicinaria ancl S . oweni nur+bers anC hetl^Jeen S. se><naculata
õ#

and S..oJ.{-e.nå l-arvae of some plots " The less ntlrneror-ls spe-

cies tend to be hicthlV correl-atecl v¡ith the nurnbers of the 2

:nost nunÌerous ones " f n certain plots , these rel-ationships

coul-d act as refl-ections of what is happeninq in the l-a-t-er

stagres of the insects. This night be shov'n J:'y the a.nalysis

of the pupae populations" Such relatj-onships äre ljstec-l in

Table 4 of the Ä-pnenilices anc-'l appear to shoro¡ better the ex-
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isting interrel-ations among the 3 speci-cs, Iihen anallrseci

on a (n+1) vear basiso the relatj-onshj-psn although not

statistically signif i cant u tenci t-o be re-l-ated into negati -

ve patte::ns" Tlhe t::ends are particula-rllz strong anong S"o-

v¡q,Ej- numJrers u v,'here 5 of the 6 plots shor,zecl such relation-

ships; the si>:th plot indicatecl a positj-ve correlation to

exj-st betr'yeen S,sexnracul-ata and S.o'iveni Fupae nopulations.

S"sexmaculata anC S.signaria pupae populations

are positively r:elatec1 in 3 plots " The S. sex¡raculata pupae

show also a positive correlation vrith those of S"o¡¡eni of

Pine Fall.s ploto vrhile the opposite holc'.s tnre -i-n River:ton"

This negative relationship j-s interestinq because it shor^¡s

clear:Iy the ir.rpact of one speciesB numJre::s on the othe::"

In this pa::ticu.lar case, v¡e see that the nec{ative correla-

tion exi sting Ì:etween the two species, vrhen analysed on a

lrearly basis o turns out to a posS-tirre one v¡hen analysed on

a (n+1) yêar ]:asis. This relationshin tencls to inclicate

that 1ow nurilbers of S 
" 
sexstaculata l:uÞae rvoulcl per¡rit the

other species to reach higher: ponulations, and vice-vel:sa.

This observation woulcl explain vrhy the 2 species shov,' posi-

tive and negiative correlatj-ons depenCing on tire type of a-

nal1zsis" The sarlle table shows al-so a significant clensity-

d.ependent relationship v¡ithin S 
" sígllgr!ê nunr.]:ers " Such a re-

J-ationship a'1 ready exist.ecl in the dens-i-lrr-':ìo-on¡lont- .nalysis

of- l-a-rr¿ae ponulations o

On the vrholeu the relationships appa.r:entll¡ tend
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to shor^¡ un better arrong the pupae ponulation.s and ten<1 to

Jre re-lated into ciensj-ty-cl.epend.ent Fatterns. This rvas al::ea-

dl' confi-rned in the previous section using l-'-values (nior-

talitv) for one of t-he speci es of larch loopers. The lat-

ter analysis shorved that such relatj-onships cLo exist lv-ith-

in the other tv¡o spec-ies and also arrong the three species

taken together"

3 " Interspecj-f ic relationships

Previous sections shov¡ecl that I ar:ch loopei: po-

pulations tendecl tc, fluctuate r,+ith those of the prevj-ous

generations" These density-clependent relationships cnuld

l:e Cue to a rvhol-e array of factc::s that could influence

the nurnjre::s of ÐuÞae of e-/er1t snecies . Since sar¡¡f I ies and

smal-1 narirrnal populations rerrresent 2 of the r;tost ntr.l'î.erous

gfr:orìps of an-inals that inhabit hogs v¡ith the larch loopers '
these populations should be anallrsçfl in regard- to larch

looper fluctuations. Field ancl laboratorv ana--l-vses l{i1J

show the potential ancl actual predati on done b1z snal'l nÌarir-

rnal numh:erso rrithout shottingo hovrever, the long tern ìnfIu-

ences causecl Ìry these species, Such relationshj.ps r+i11 be

exarineci with the kelz-fact.or ¿¡¿1r¡sis aud Hollingus nur:ìe-

rical and functional res'ponses,

i, Sa-vifly populati ons

Relationships betv¡een the larch l-ooper and, 1a,rcl:



sa\'if1y populations are sho\,/n in Figure 1 and Table 5 of

the Appendices. As befo::e, the larvae coll-ections v/ere

chosen as the f irst step of a-nalvsis. llive pl-ots inclica-

te positive relationships to exist betr¡ieen larch looper

and larch sar,rfly nunhers" I-iowevero Danvj-n plot shows the

numbers of g. signgria to be inversell' related. to la::ch

sav:fly numJ:ers" The l-ess nunìerot-rs species of l-arch loo-

pers (,S.ov"'en!) seems to be particu,larly r:ela.ted to sa.w-

fJ-12 nuurl¡ers, rvhile the most abundant one (S.sexr,.laculata)

shows less. The influence of salvfly nurdhers j-s fr.irther

stressec1 \{l-len nopuJ-ations of l-arcir loopers are anallrseil

a"t one-year inLervals, AccordincT to such an anallzsis,

the 3 species of l-arch loopers shor^¡ positive correlations

r,ri'l-h q:¡r,zf lrz n¡¡¡_þgyS Of 3 plOtS¿ r.uþi1e S"siguarj-4 pOpuJ-a-
@@'_

tions are inversely related to thenl in S.eddon u s Cor:ner

plot" This indicates that sar.rfJ-y nurnbers do -incleecl influ-

ence the yearl1' popuJ-ations of -l.arch loopers n though not

al-v;ays in a positive v:ay,

.A second v,¡av to anal\¡se these re-lationships Ís

to pIot. the populations of 'l a.rcl-t looper pupae and savrf Iy

cocoons " The resulting coef f -i cients of cor::elation are

listed in Tabl-e 6 of the Apnendices. GeneralÌ\¡ speakinç'u

they cto not indicate stronger relatiorrships than those

shovred b1z the previous analys j-s of larvae ponulat-ions, on-

ly Renni e plot indicates inverse relationships. The pre-

sence of sav,'fJ-y cocoons seems to influence negat-ì-vely the
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nurnbers of f uLure generations of -]_arch looper r-ìupae u in-
dicating then a kind of i nters]:ecif ic strife betr.¡een the
2 nopulations that the previoirs analysis did not rer¡eal
(signj-f icantllz) . These ì nverse rerationships míght be due

to specific nortality factors affecti-ng. one species nr.olre

than the other, once a certain populati-on thresho'rc is
attained,

To oJ:tain a clearer nictu::e of trre i nter::elations
among these populations e it rnight be useful to plot the
mortalitlz of nupae anol cocoon stages fo:: succef;sj_ve gene-

rations " lde note -i-n Figure 2 of. the /rnpencij_ces that I arch

looper populations tend to be less stairle than sa-wf J_12 ones,

f l-uctuatingt r.rid.e1y in all the _investj_gatj_on plots. This i s

especialllz true f or å" sjgnc¡åe and s-._gygr¿ populations,

v¡hose nurdre::s are verlz lov¡ in the bogs. The green l_arch

looper and sav.rfly nopul-ations tencl to fluct-uate l_ess tha.n

the la.st trro snecies, probabrv because of il-re-i-r higher

numl¡ers. rn soi-re plotso pa.rtj-cu1arly in Rennie ancL Telford,
the numJ:er of deacl indivicluals of the pupae and cocoon

stages seems to be ínve::sel1z r:elated, Such ¡noclels fit v¡el1

in the theory of !cornpensation factorss which are mainry

used whe::e parasites ancl p::eciato::s form a complex systen,
The sane f ì gure shov.¡s that rvhen the savrf ry n'orta-t_ity clrops o

the mortality of g-reen larch loopers rj-sesu and vice-versa;
sornetiriesu as in the Pìne Falls plotu a specj-es of third
im¡rortanceo å.sigrgr¿g_, acts al-so like a coinpensating fac-
-u(JI 

"
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This rnigrrt be an indication that the larch
looper popuraticns clo incleecl act as an auxillary so.rrce
of foocl in the I'fanitol¡a bogs and ser-,¡e as buffer s.¡recies

in the population cLlznanics of ttre la::ch sar.rfly.

Relationshir;s e>:isting betv¡een rarcrr rooper
and larch sav,zfly ground*inhal:_i,ting sta_qes were also ana_

lysed by compar:ing the nnin]:ers of c.leacl indj.vidua-ls of
each' Ã-lthough noL statisticalJ-y significantu the cur-
ves shor^¡ int.erresting t::enils (Figure 3 of the Änpencli-

ces). .since t-he green larch r-ooï:ers are by far the most

Ð.LlprLêrous species among the larch looÞers u only their nun_

bers \^/ere compare(] u¡ith larch sav,,f r], popu.lations " The

total number of seryþLlr:L¡g pupae \r?ere a] so plottecl against
nlrrnJ:e::s of sav¡fly cocoons" rn Rennie ploto the nunü¡er of
deacl green larch looper pupae is relatecl to the numÏ:er

of dea<l sav,'f 1]z cocoons by the formu'l a

Y-a:<b

rvhere Y represents the nunr-ber of cieacl larch looper pupae

per: acre, x the nunber of <leail larch savrfly cocoons per a-
cre, a the j_nte::cept anC b the slope. The qLeen larch 1oo_

per numbers fitted the curve ]:etter ilran those of alr sg-

Eiglhåås, as the probabilit.¡ of the first f.it nrovecr to
l:e s-i-qnificant at the 9B percent level conna::ed to 90

ne::cent fc:: the seconcl" Zrt Telforcl pJ-ot, the SgnågËh+S-A

numbe::s \^rere related in the same patt.ern ê_s shor,¡n above

{ P > 95ß leve}) u while the nur.i]:ers of cread cfl:een larch
looper pupae \^iere linkeri by a. stra_ight-line ::el-ationshi-n
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t-o those of sa'.+fly cocoons, Alt-houc;h not siqnificantu the

c..trves of the rêrìã.i nino -, lots appro:<inate tl-re Jrest fit

v¡hj-ch could explain the la-rch loope:: populatj-on flu,ctua-

tions" Fron¡ v¡hat j-s shcr,¡nu it is thougiit that lar:ch looner

ancl 1a::ch sav;f112 populations are relat-ed b]' e>:nonential-

curves" This indjcates Lhen, thaf- -l,arcLt looper num]:ers can

have â ce::tain irnpa.ct 'i¡ deterr:ininçi futu::e J-arch sawfJ-y

ponul-a.{:ion l.evels" The first re}ationshin mentionecl a-bove

is pa,rticularJ-y interest-inq to stuclr,z since jt anp::oaches

what v¡oul c'1. be e>lpected in a s-i-r',-1e p::eCator (snal-l -narirnal)-

plley (sarvf ly cocoon) syster,o ha-ving -la::ch ],ooper Þupae as

an alt-erna.te .,Îood supply. Since such r:el a.l- i nnshi nq owi-st

in at J-east 3 of the nlots, j-t- can l:e arqueci that- tirese po-

pul ations, the larch looper Dupae ancl the l-arch sar'rf l-12 co-

coons, are interactj-ng as expectecl. for a p::eclator-prey-¿f-

{-arn:}a nrâ\z qvqf em - rnrhr.ra Sffal]_ ¡,a¡."¡falS ¡,rnrr'l ¡- Jra rôcr¡Ol-}-
l''-\-jruJl

sible for the biggest par:t of the preclation"

i-i. Small nan¡ial populat-ions

The inportance of smal-I n.anrnal- porru-l-ations in l:e-

garcì to the fluctuations of the larch savzflv is shown by

cor,"naring Table 7 r.¡j.th Figure ¿l of the Àppendj-ces. In ]¡ears

^€ 1- ': -t' ^'-^ 1 I nammal rl.ensitrz " tire rcsulf,ant no::ta1 itv of(JJ- JrJ-UlI !)l"OJ-! l rG!Lrr(ql (rçlr-I L, n

savrfl-y cocoons Íncreases to the 80 pcrcent l-evel" Tire table

pa¡:ticularl-12 sholvs 2 generations of sav¡fh¡ cocoons that suf-

ferec.]- such a heavy nio::taIity. tr'ühen such 'losses are comnared



to small- marruial ponu-l-ation level-s, r,'¡e note tha.L reclba-cll

voles anc-l nasked shrer¡¡s renresent- the 2 nlain spec.ies of

nr.annals tha.t vrere par:ticular:Iv higlh in those ',./ears, The

assu¡notion can be niacie tÌrat the sarììe nar."¡ral-ian snecies

al-so a.f f ect- the Ia¡:ch J-coper pupae nurnJrers "

tr'Ie have alreacll' shov¡n, in the nreceeCing sec-

tinn - f Ìret J-he total mort.alitr¡ of the cirouncl-inhabiti-n.crt u¡¿ç.

stages of the t-rvo nain riefol-iatolrs \^i€rê not straight Ii-

nes but exponen'bial ì¡ shape . Lhese curves are ver:\/ use-

fu'l i n c)eterrrining the percent-aqe cf larch i-oo¡e:: pupae

dyinq f rom rilarn¡na-li an interactions " Such ner:centaç,es ar:e

te¡:rneC 0a.ctual rnortal it\zt a.sì coriÌrareC to the rtoLal n,,or-

ta-l-itye r-rsecl as such in the pi:ev-i-orrs section.

Tal:l-e 3 i.llustrates t-he relati-onshirrs exi-st-

ing between small r¡amrrLa-] and larch looper: popti-ì ati.ons.

The ta-ble sholvs son'e of the }arch J-ooper: popuJ-ations to

be i-nversely ::elated to ::e<l}:ack vol.e nunrl:ers j-n 3 fi'lolso

while the ni-rmbers of S"o\^.7êrli puFae ner acre i-nclicate a,

cl-i-rect relationshin with rirasked shrew nopulations. Tabl-e

I of the Appenclices shov¡s another r,¡ay to analyse such

rel-at.ionshipsu vrhere snall- nrarn¡nal nopu-laLions are plottecl

aq'aj-nst adu'lt populati-ons of the follorving year(aclults

of the fcl l-or,"¿ing year = nuríJ)er of ¡upae -l-ef t af ter the o-

venuintering nredation = pupae nortaJ-it¡r) " The redJ:acl<

vole popr.rlations and the ovênr¡inLering losses of t-he larch
'looper pupae tend tc¡ be negat-irre11' related i.n al1- pJ-ots

bi:t- one, 1,'/e note also that the other shrer" and r:o<i"ent spe-
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ci-es shol"r d-i-rect relat-ì-onships rqith l-ar:ch l-ooper adult

nur:Ì;ers. The t::encl is particularl-y strong f or the nask-

ec] ShreWs r,rhere sUCh relatjnnqhinq ãrê 1-OUnC. t-c be SiE-

n'i ficant in 4 of the 6 p1ots. Sori".e of the srrral-1 niarulta-1s

n-right compete r"¡ith reabac]', voles in such a v/av that. both

shrer,¡ anci insect po¡,.,uJ-ations increase in nunrbers v¡hen,

reclback voles a.re absento anil vice-ver:sa-, This con.cept

r,Joul c.'l explai-n the positive co::relations e><-i-sti-ng between

shrevrs o rodents a-ncl larch looper acLults and r.¡ou1C e:irrlain

a-lso the negat-ive r:e'lationships exi-st.i-nçr betv,'een rec,l-bacJi

vo-l-es. a.nc". larch loor:er numÌ:ers.

Ä thircl r.ra1z to anall'se such re-].at-j.onships is

to cor::elate srnall n¡artulal populations aç¡a,i-nst the nuni:er

of Ceaci plrpa.e or the percenLac;e of cleaci pupae of the larch

looper specj-es. Ãs shor,'n Lry TaÌ:J-e 4, redbacl.' voles anC,

nrasked shrews tend to be cli::ectly related r,¡-i-th the total.

¡lortality of larcir looper ptlpae. This is true for the re-

lationships existinE Ìret-v¡een redback voles ancl. 2 looper

species of Ren-nie plot, 1 of Sed,clonts Corner, 1 of P.-iver-

ton anc"l 1c,,f llarwin. The nasked sl'ìret,r popuJations on thej-r

part a-re reIatec1 wj-th 2 looper speci-es of TeJ-f ord o 1 of

Pine I''a]Is ancl 2 of lla.rv¡in" On the whol-e, the larch looper

populaLions tend to Jre highllr correlated v¡ith those of

sma'] I marlnra.ls " The com]:ineo' action of the 2 rnai-n species

of smal'l rlarLuirals (recl]:ack vcl-es and naskeil shrev¡s) influ-

ences 2 l-arch looper specj-es at. Rennie plotu 2 at TeJ-forclo

1 at Seddonts Cornero 1 at Riverton and 3 at Da"rwin.
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The positive relat-ionshins exist--i-no 1-.etrveen

the srr,al-l namm.al- nopul ations and t-he total rno::talít.y of

la::ch loor:er aclults u as shovrn ity Ta.ble B of the Anpen-

diceso suqoest a nurne::ical resnonse k¡etv¡een the 2 crrouns"

Ilowever:, the total- nortalj-t!' of Semiothisa as a gl:oup,

is probabl.y comr.:osec1 of a- series of mort-al.it-r¡ faetors

ãnrôncr r.¡hi r:h v'OUlc1 Ìre incl nclecl. the rnOrt-al-i f w car¡sor'l hrz

snall mâ.rrrlnð-l por:ulatíons on the punal stacre. Sueh a niot:-

talitl¡ was estimated for the qreen l-a-rch looner snecíes

anc'l, j-s vier^¡ecl in co¡rnarison to the total mort-ali.ty af-

fecti-nq the punal- staqe (ltiqu::e 6)" This part-ia] n.ortal-j-

ty est-inration. v,7a-s basecl on cocoon mort-ality of larch savl-

f lies br¡ small rnamm.al, popuJ-atíons (Tabl-e 7 of t-he Lpnen-

c1i-ces; the K and l< values a,r:e qi-ven in Tal:l-e ?. of the -Ãn-

rrend"-i-ces)" As shorvn bv the f Í.qu::e, this pa::tial rnortali-

t-y of larch looper rrupa-e seems to be a very imnorta,nt- fac-

tor in the puoal sunri val ancl in the popul-ati-on dvnanics

of the species" !/e note that the k-value (rnortal-j-tv) ca-u-

sed by sm.all manmals seems to foIlow closely t-he I{ value

of the pupal stage" Similar trencls h¡ere observed to oc-

cur: also in the 2 other speci-es of Larch loelpe:: puÞae.

As suogested by l"{orris (1959) u such rroÞulatj-on

patterns can be seen Ï:et-ter wh.en suecessive generatj-ons

a-re nlottecL, The usual wa.y to Co so is to plot. t-he::eIa-

tionship between loq hn+1 over loø hr", of a qiven popula-

tj-on ancl treat the points as a scatter d-iaqiram., The rîe-



O\./

The inportance of the

the nupal stage (1og

marnma-l-ian rrredators of

k) of S.sexmaculata Pack.
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6L

su-lting î2 \¡alue fror¿ the re-qression gi-ves the nercenta-

qe of the variance in the J-o<¡ar:jthm of the inCj-virlr:.a1s

ín grenerat.-i-on n*1 rvhj-ch is e><nlained br¡ the l-oga::ithm of

the nun:bers in qeneration n"

The populatj-ons of t-he qreen larch loopers

(!-.ggf.e-çg1g!-1) r'rer:e tr:eatec-l this \'/a!' in 6 nlots of the

I-arch sar¡fllr Tean. tr'Je note that iil pi-gure 7 the ponula-

tion fluetuatj-ons tenci to for¡r. i::recfular polygones opetred

at- one end. This is usually the char:acteristic of very

',-rnstal:le popi,rlatj-ons and is a'lso the ind.j.catj-on of in-

compJ-ete poprtlation c]/cles. There âl:e' however:n indj-ca-

tj-ons t-hat certain populations can. indeed þe prec.lj.ctecl.

in the prescrj-bed Írenner. The green larch looners of Ren-

nie a,nc1 Darv,¡in plots show a pred'i-ctabili,ty of 43 and 40

nercent respectively" Tlte tv,¡o otlrer seconCary species

(Figure 5 of the lrppendices) shor^¡ v¡eaker indj-cations of

such a tenclency in Rennie and Rj-verton plots o r.lhere the

logarithr¡.ic nurnJrers i-n generation n explains only 28 per-

cent- of the va::iance of the logarithmic nunt'Jrers Í-n ç1ene-

ration n+1 "

Sìnce a cerLain clegree of preCi-ctal:iJ-ity 1a¿5

shorun t9 exj.st am.onq l-arch looper nopuJ-a.tions and since

the punal stage had alrea-d1,r been shot'¡n to l¡e of a ce::tain

va.lue j-n the d1'narrics of la::ch loopers (trigure 6) , a J<ey-

factor anaJ-ysis using the r.¡hole generat-ion survival v¡as

desiqned to improve the predictability of -future l-arch



3/

Fiçrure 7 " S.sç:1q4ç!]e!q nopulations in qene::ation n*1

in re'l ation to populations in qeneration no

v.¡ith kroth expressecl as coÍtmon loqa.rithrns.
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looper ponrrtati-ons, This predj-ctabilitlz r,"ras iml::roved in

al-l plots bnt one v;hen u.sing the 1og of sunziva-l- of the

fiênêrâti on of *,,^^^ i/rrl-t__r ^ ) r¡f J-hr: hnnr.¡çl i geS) . tr^Ie nOte\J\=lrçraLJvrr v! L'Ullas: \ f c,-JJrç ¿- vL Ll!ç l\1./J ç

that in 3 nlots, the predictabilit'f increasec by at least

tr.¡ice the amount that coul-d. be given by using the log of

the present gen"eration ( loo hr-,) " This i.r.rprorrement shows

also the impo::tance of the pupal stacie in the Cynar'r-ics

of larch loopers "

The pupal stage, being a )iey st.age .'i-n the cle-

terrninatì on of future Ia::ch looper populations is nroba-

trl:¡ attaclcecl or control-Ied by a t'¡hoIe al:l:ay of factors

ar.on_q'¡zh-i.ch stnall m.aminal-s al:e thought. to ]re one' To show

thisu a key-factor anall'sis rtsing tire logarithin of nupae

survival fron sma'lI mar¡mal predatio¡r (1og Sn) over the

logarithn of pupae in generation n*1 hTas calcuS.atecl" Ta-

lrle 5 ancl Figure I show the resu] ts of sgcir an analysis "

The overa.lI pattern of the anal-ysi5 i-ndi cates the non-

predictabilitlz of the punal survir¡al frorn srnall man¡raI

preda.t-i-on ( tog Srr) to explain f ui-u.r:e oopr-rlations of larch

loopers (1og hr.ra1). The small mam¡ral predation does not

appear to be one of the controlling factors at such l-e-

ve]s of larch loor;er popula-'ions. As shown l:12 TabJe 5t

the predictability of future populations (loO hr-,o.t) is

better v¡hen using the logarj-thm of surr¡j-va.l- of pupae (loc

S, r¡¡here S - Lotal- surviva'l ) " There are onl-V 3 insta-nces

',/rhere the survival of pupae f ror,i Inarru¡ralian pr:edati on pro-
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Figure B. Populations of

in relation to

both expressed

larch loopers in generation n+1

survival in generation n, with

as conrson loclarithm.s.
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OO

ved to l:e l:etter than that of J-og hr, (h., = pupae of the

previ-ous generation) " The ca-ses occtirred in Seclcl.onus Co::-

ner, Riverton anc'ì- Dantin plots, '*,;here the predici:al:il-'i-t1'

j-ncreasecl frorL 7" B to 17"0 percent , 27.9 to 112"6 and. 17 "1

to 28"1 percent- for som.e of the larch l-ooper popr-rlations.

In all caseso the 1-oga::j-thrn of surviva'l (Ioq S) proved

to be the best preciict.ì-nci factor"

The importance of smaIl ma-n'mrals to larch loo-

per flucttiations can be shown bir the existence of a nu-

nerical response beLrr¡een small na.¡lmal- nunbers and the

par:tiaJ- r:,o::tality of Iarch J-oope:: pupae" trarlier j-n this

sectj-on, it raas shorvn that srnall mamnal nurnhers did not

follow larch looper puÞae nopulations althor-rgh recl]:ack

voles anc1 rnasked shrervs inclicated clirect responses Lo the

total n:iortalit)¡ of larch looper nupae of sorle plctsu Tâ-

l:le 6 illust.::ates the nunerical- lîesponse of small- niarnmals

to the actual. nu-rnbers of d.ead, larch looner Jlupae (actual-

mortali-ty) . It appeal:s that small ¡ram¡r.al nurnbers are iLi-

rectly relateci to nunbers of deaC larch looper pupae'

llelford plot is the onl1z locatíon where snr.all marnnals d.o

shov¡ a constant inverse response to pupae" Snall rlarmralS

shov¡ statisticalJ-y significant Cj-rect responses onlv to

brov,¡n la¡:ch }oopers of P.ennie and SeclConus Ccrner anc.L to

ñrrâên l¡rch loopers of Darv¡in" Figr-rre 9 shorvs the fit of

the str.aight-Iine and logarithmic curves r'¡hich e>lplaj-n

the resÞonse of sr¡,a] 1 rnamrlal-s. Although not al-] statistj--
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Figure 9 
"

The nunierical response

actual nurilbers of dead

of small r,ral'¡.mals t-o

la-rch looper pupae.

Ll.^LIIE
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call!¡ significantu these rel.ationshir:s inclicate a direct

response of small r-ammal nnnbers to those of deaci larch

looper pupae.

I^Je have analvseC. so fa:: the nu¡:ierical response

of smal-l nan¡rals to u"^; Iarch looÞer pupae, rt r.¡ould I¡e

interest.ing to analyse indir¡iclual nammalian snecies in

regai:d to the nuriber:s of dead larch looTrer pupae' Tai:le 7

anti B give the results of such ¿¡¿l yses . The general trend-

ís tov;ard a direct nurnerical response of small mâRtrrâl spe-

cies to d.eacl pupae" ft is particularly true for F.ennie and

Ða-n^¡in plots u¡here rodent and shret: species showed clj.rect

responses for the 2 irirport-ant groups af J-arch loope::s 
"

Sho$t-tail shrewsu arctic shrews ancl deer ¡nice show a d-i--

rect resrronse to deacl pupae at Telforclo r"¡hile m.asl:eil shrews

respond negativellr. Numbers of redback voles and' r¡eadov¡

voles change di::ectly v¡ith numbers of. dead pupae at Sed-

donus Corner, while the opr;osite is true for short-tail

shrervs of Pine Falls" It might be worthy to note also that

the green ancì brown larch looper groups are those r^¡hich

had shorr'n in the previous sections the effects of small

r,:anrnals on their popula-t-ion f luctu-ations '
It appears that each narnmalj-an species has its

ov¡n effects on a given larch looper population" On the ba-

sis of Table B u we shov¡ed the patterns of the responses of

small mamm,a]s to changes in preiz densitlz (<iead pj:ey d-ensi-

t:'), t.reating the 2 varial-r1es as scatter dìagrai".s" But it

could l:e of soine importance to knor^¡ other Tratterns of res-
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rlÕÌrsê for t-he mam.mal ian sÞecies which vrould clarifV the
t,\/¡r!,v

cases r¡here snlall rnarimals shorr'ed no lîesÞonse t.o dead pu-

pae' such an a.nalysis l"as Cone on' shrer'l snecies anc red-

back- voles in relation to the nost numerous looper srre-

ciesu i.e" the green and. brown larch looners (S'sexm,acu-

].3l:9ê and S. gjg.ng-f¿-A) .

tr'laskecl shrevrs haC, alreacì12 shor''¡n direct- respon-

ses to qreen and- bror¡¡n larch looper nu.pae of Dan'¡in plot

fo1-lorving a stra"ight-line relationship (rable 7) " A more

riqorous ma-t-hernatical ¿n¿lysis suqgestso hor,reveru that

their nur¡Jrers alîe inversel./ related to qreen larch loo-

pers anc-l. clirectly related to l:ror'vn looners" .As ind,icatecl

Ï:y Ta-ble g p numbers of dear-J larch looT:ers tend to follot^¡

exponential curves rather than linea-r ones" Green larch

l-oopers are statisticaJ-l-y relatecl þy logarithr,ric and I'i-

near ::el-ationshios to masked shrews of Telford and hy a.

linear one in Da¡^¿íni J:rorrn larch looners shorved a posi-

tive logarithmic (1og-1og) relationshio to shrews of Tel-

ford, e negative one for Seddonts Corner, ancl a fiositive

linear curve for Danrzin nlot'

The nurnerica-1 response of arctic shrerus to

larch 1oor:er pupð-e is illustrat-ecl. in Table 10" The shrevfs

shor": a. negative logarithmic-tvne of lresnonse in Tel-ford-

and a posi-tive linear rel,ationshin to dead green larch

looper puÐae of Darrr'ino troth being statisticat}y siqnifi-

cant. The numerical response of Sl-ìreV¡S to bror'r'n larch loo-

pers is positive in both Telford" and Darwin nlots and tend



Table 9 " The nuroerical response
numbers of dead larcir
represent the fitness

74

of masked shrel¿s to the
looper pupae ( r vali-res
of a given curve),

a. S "sexmaculata pupae (Y)

r value of fit
fnvestígation

plot Y=a*bX Y=a*b IogX logY=a*bX logY=a*b logX

Rennie
Telford

Seddon's Corner
Pine FaIl-s
Darwin

-0"306...
-0"886"'

0 "177
-0 " 306.,
0"954-

-0 .266 "...-0 " 9 5'7""'
0"018

-0.506
0 "754

-0.260*
-0 " 846'
-0 " 360
-0 "1120"814

-0.248*
-0 " 854
-0 "?-15,+0"307

^ 
trlllvoJ t't

b. å"si.t"Ê_E!C pupae (Y)

Investigation
plot

r value of fit

Y=a+bX Y=a*b logX logY=a*bX IogY=a*b logX

Rennie
Telford

Seddon!s Corner
Pine Falls
Darwin

0.003
0.152

-0"150
0*587*
0 "927'

0 "027
o "707 ".-0 " 760 "-

0"540
0.760

o"2Bo*{.
0.950

-o.266
0"330
0.509

0"226..
0"973'

-0,30 1

0,202
0"348

*rF Probal:ility
* Probabitity

rr d.:i. Probal:ility

99 % level.
9 5 % l-evel,
98 % level"

Þ

ê
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Table 10" The numerical response of arctic shrev¡s to the
nurnbers of deacl larch looper pupae ( r values
represent the fit.ness of a given curve) .

ã, S"q€ëraaçu¿Cle pupae (Y)

Investigation
plot

r value of fit

Y=a*bX Y=a*b logX logY=a*bX logY=a*b logX

Rennie -0"131 0"080 *0"171" -0.039
Telford -0 " 6 1 1 -0.666 *0 "793' -0 ' 754

Sedd-onos Corner 0.559 0"561 0,256 0"256
PineFalls 0 - 0 0 0

Danuin 0"928* 0"606 0"793 0"362

b" å.siq_ag_s.ig pupae (Y)

Investigation
plot

r value of fit

Y=afbX Y=a*b logli logY=a+bX logY=a*b IogX

Rennie 0"252 0.457^ 0"372 0"367
Telford 0.7851 6"788ä 0,631 0 "737

Seddones Corner 0"208 0"209 0"375 0.375
PineFalls 0 *o* 0 0 0

Darwin 0"973' 0"735 0"737 0"508

* Probabii-ity > 95 % level.
8** Probabilíty> 9B % level.

1 Probability > 90 % leveI"
2 Probability> 94 % level"
3 Probabilitv> 93 96 level.



fa

to fol-J-orv a linear relationshir:, There is no r:esponse of

shrews in Pine Fal-ls because of their repeateC akrsence

in this plot ever since 1963. There a.re ind-ications of a

clirect response of shrews to the 2 g::oups of larch loopers

of Seclcl,ones Corner plot, although their response was nct

statisticalll¡ significanti sh.rews of the R.ennie plot

shovred no response at al-l.

Short-tail shrews shohr statistically siqnifi -

cant responses to deacl larch looper punae in aln'.ost all

the rrtots" The Ì:est eurvilinear relationships betu¡een

shrews and loopers are listec'l in Table 11" Fll- plots e>{-

cept Darv¡in indí.cate an e:{Þonential--tyr:e of response for

short-ta"il. shrer'¡s to nu¡rbers of clead qreen l-arch looper

pupae; this response is fotlnd to he nesativel-¡r clensity-

dependent for three plots and positively dependent in

Tetford pl-ot" The brov¡n ]a-rch loorrers shorv a sonien4rat si-

mitar pa.ttern Ìi¡here shrel.¡s of Tel-forcl an.cl Pj-ne Fal-l-s r:lots

shov¡ an inverse response to larch loopers " The shape of

the curve is once mcre â 1-ogar:-i-t-hmic one, al-thor.rgh the

straiqht line fit v¡as al-so statistj-ca.l,11¡ si.crnifica.nt"

Shrer¡¡s of Rennie ancl Sedclon 0 s Corner pl"ots tencl to inclica-

te an inverse logarithmic-t¡¡pe of response, vrhíl-e shret^¡s

of Darv¡in plot are positivel.y relatecl t-o hrotun l-arch loo-

Ðers,

Unlike shrei'¡s u the numerì cal response of recl-

back voles is posit.ively relat-ecl to green ancl L-rrovrn larcÌr
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Table 1 1.

a" ç-" sexmaculata pupae (Y).

The numerical
the numbers of
lues represent

response of
dead larch
the fitness

short-tail shrews to
Iooperpupae ( rva-
of a given curve) "

Investigation
plot

r value of f-i-t

Y=a*bX Y=a*b logX IogY=a*bX logY=a*b IogX

Rennie
Telford

Secldon I s Cor:ner
Pine Falls
Darwi n

-0 ,69 8*
0.819*

-0"653
-0"690

0,660

-0 . 736;
0 "822',

-0 " 550
-0,407

0,550

**tÉ
-0"821:"
o"B30:*

-n qqq"
VøJJJLJ..'.

-0.846114'
0"465

-o"Bo3l
0,834;

-0"713'
-0"533

0"348

b, å""iglg{ig pupae (Y),

Investigation
plot

r value of fit

Y=a*bX Y=a*b logX logY=a*l:X logY=a*b IogX

Rennie
Telf orcl

Seddon!s Corner
Pine Falls
Darwin

-0"5511
-0 "719 '

-0 "273--0. B 19
0,500

-0"5231
-0,736'.
0"046**-

-0"B42nno
0"397

-0.588^
-0 "793¿
-0.487u..,
-0"991**
-0 .0 10

-0 " 409,
-0.797'
-0.098
-0 " 690
-0"150

** Probabitity Þ 99 Y"

t¡ Probability Þ 95 %

{<** Pro}:ability> 9B %

1 Probability> 90 %

2 ProbabitityÞ 94 f'

level.
IeveI "leve1.
level "Ieve1.
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loone::s (f aÌ',-l-e 1?,) " \,'ol-es sliol',¡ a -l,inear rei.atj onsJr j n t-.--.'

<Jeacl l-ooners of Penni.e r:l-ot-o altliouqh the ,l.oc.arithmi-c cne

seens to fit Ì:,etter .[cr: ]-:rot,rn. larch l-ooner: nl-1pa.e. llhey

shc'v¡ also a st-a.ti-st-icalhz sic'nif icant n,eqative -'locjaritlr-

ni.c-t-r¡ne of resnorlse to ].rror'rn larch loopers cf Tej,ford,

v¡h.i.le a statistically sicrnifj-cant and linear: one holCs

tru.e in Secldonrs Corner r:lot"

The overall numerical response of sm.all mam.-

mals to numbers of dead larch looper ÞuÞae can give a good.

indic.rtion of the mamnr,alian effects on looper poþulations

(Table 13). In Darwj-n plot, both the maskecl and aretic

shrev¡s shov,7 a siqni-fica"nt- c'lirect response to deacl lareh

looner purrae" In Pine FaI1s, short-tait shrev¡s are neqa-

tively rel ated, to I-ooper nu¡nbers " In the remaining plots 
u

the patterns of fl-uctuatíon,s change so mu,ch llrorn species

to sr;ecies that no possible pattern can be c!-rar+n from. the-

se relationshipsu In Telford plotu for example, among' the

4 species of srrall rlammals, both positive and neqa.tive re-

lationships occurt in Rennie a-nd SedCon's Corner plotso

short-tail shrews and redback voles shoçv also onposite res-

ponsesp so that no cl-ear pict.ure can Jre drar^:n.

The l-a-st fevi tabl-es suggest that something other

than smalI manrmal predation inf luences l-arch J-ooper nuabers.

This is shorvn parti-crrJ-arJ-y well j-n Tal:J-es I and 13 where

sorne of the shrew species ezpress inverse numerj-cal respon-

ses to clea.c1 larch looper pupae " llaske<1 anC. short-tai I shrels

(Table B) of Telford and Pine Fa-l-ls nlots indj-cate respectj--
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Tab1e 12 " The nurierical response
nunbers of dead larch
represent the fitness

of redbacl< voles to the
looperpupae ( rvalues
of a given curve) "

a" S"sexmaculata pupae (Y) 
"

r value of fit
Investigation

plot Y=a*bX Y=a*b logX logY=a*bX loc¡Y=a*b Ioq'X

Rennie
Telford

Seddonts Corner
Pine Falls
Darwin

0.750to
-0 "024
-0"065
0"566
0 "362

0.534
0.407
0 "31'l0"594
0 "592

0.565
0.213
0 " 260
0.512
0.630

0 " 323
0"608
0.6 84
0"544
0,810

b, å.siq+qfå-e. pupae (Y) .

Investigation
PIot

r value of fit.

Y=a*bX Y=a*b logX logY=a+bX logY=a*b logX

Rennie
Telford

Seddonss Corner
Píne Falls
Danvin

ú{.
0.908

-0 .623 -..11

0,871
0 "492
0 "251

J

0 "772;*.*
-0,904

0 "682
0 "4t+2
0 " 485

0,461
-0.110

0,557
0,386
0.418

0 " 354
-0"518.

0 "702 
|

0"414
0"560

*r¡ Probability
* Probability

*d<* probability
1 Probabilitv

99 % level "95 % level.
98 Í level.
93 % level"

Þ

Þ
Þ



T
ab

le
 1

3.
 T

he
 p

at
t.e

rn
 o

f 
th

e 
nu

m
er

ic
al

 r
es

po
ns

e
of

 d
ea

d 
la

rc
h 

lo
op

er
 p

up
ae

 u
si

ng
 t

he
ca

lIy
 s

ig
ni

fic
an

t)
 "

In
ve

st
ig

at
io

n
pl

-o
t

R
en

ni
e

T
el

fo
rd

se
xm

ac
ul

at
a

si
gn

ar
ia

se
xm

ac
ul

at
a

si
gn

ar
ia

se
xm

ac
ul

at
a

si
gn

ar
ia

se
xm

ac
ul

at
a

si
gn

ar
ia

se
>

<
m

ac
ul

at
a

si
gn

ar
ia

S
ec

ld
on

 o 
s 

C
or

ne
::

S
 " 

ci
ne

re
us

of
 s

m
al

l r
na

m
r¡

al
s 

to
be

st
 c

ur
vi

lin
ea

r 
fit

.

P
in

e 
F

al
ls

S
m

al
l m

am
m

al
 s

pe
cÍ

es

D
ar

w
in

Y
=

a*
bl

oq
)í

 (
-)

 
lo

cf
Y

=
a+

bX
 (

-)

lo
gY

=
a+

bl
og

X
 (

+
) 

Y
=

a+
bl

og
X

 (
+

)

S
. 
ar

ct
ic

us

1.
 T

he
 s

ig
n 

in
cu

rv
ili

ne
ar

th
e 

nu
m

be
rs

( 
st

at
is

ti-

Y
=

a*
bl

og
x 

(-
)

B
 "b

re
vi

ca
ud

a

pa
re

nt
he

se
s 

re
fe

r
re

la
tio

ns
hi

P
 o

f 
a

lo
gY

=
a*

bx
(-

) 
1

Y
=

a+
bX

 (
+

)

Y
=

a+
bX

 (
+

)

lo
gY

=
a*

bl
og

X
 (

+
)

lo
gY

=
a.

|-
bl

og
x(

-)

lo
gY

=
a+

bX
 (

-)

C
 " 

ga
pp

er
i

to
 t

he
 s

ig
n 

of
 t

he
 b

es
t 

(s
ta

tis
tic

al
ly

 
si

gn
ifi

ca
nt

)
gi

ve
n 

re
sp

on
se

'

Y
=

a+
bX

 (
+

)

Y
=

a+
bX

 (
+

)

Y
=

a+
bX

 ( 
+

)

Y
=

a+
bX

 (
+

)

lo
gY

=
a+

bX
 (

-)

Y
=

a*
bl

og
x 

(-
)

Y
=

a+
bl

og
X

(-
)

Y
=

a+
bX

 (
+

)



ôra\t

vely ínverse response to numbers of dead. green anC brortn

l_arch looper pupae, As Table B sho¡n's, hov,'everu this seems

to be the exeeption ra.ther than a- general rul-eu sinee on-

ly 3 cases of inverse response appearecl on e. tOtal of 25

ca.ses "

Sínce shrev¡s and voles showed as a rul-e positi-

ve nunerical- responses to d.eacl larch loorrer pupae u it

miqht ]re of sope irnportanee here to Cisctlss the existence

of functional responses" Thís response is usual-112 thought

to be the num.ber of prey eaten by a pred.ator \{hich chan-

ges proportionatel-y with the clensity of prey (availabili-

ty clf prey) until the eurve reaehes a certain plateau"

¡' functionai- response of smal l- manrnals v¡as cal--

culateC fotl-or^ríng an inc"ex of comrlexity as shovrn by Table

14, The comnlexi,ty increases f rom tef t to riqht Ï:1t the ad-

dition of new species of larch loopers u Lhus changing the

ratio of the nurnber of prey eaten per predator ancl per den-

sity of þrey¡ the compl-exity increases also from top to

l:ottomo where new snecies of ¡namma.ls are entered in the

system,

Masked shrews of F"ennie plot (Tabl-e 14a) shovr a

statistically significant functional response to larch l-oo-

per pupae i the response f oll-ows a straight l.ine which could-

represent the first part 6f }{ollingËs exponentíal curve for

smal-l mammals (FÏol-ling 1965) ' The tal¡l-e shows also that the

fitness (shorun by the r value) C,ecreases as the com.nlexity

increases, that is from left to riEht' The re]-ationship ex-
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Table 14. The functional response of
densities of larch looPer

small mamrnals
pupae o

'l-n

â. Rennie

ÌTo. pupae per acre
No, pupae eaten
per preclator S * sexmaculata S " sexmacu.lata

S " signaria
S " 

sexnaculata
S " signaria
S " oweni

C. gapperi

S, cinereus

C " 
gapperi

S " cinereus

C 
" 
gapperi

S " cinereus
S. arcticus
I ^¡nnorìveYulrÌ/v&+

S, cinereus
S " arcticus
B "brevicauda
C, gapperi
S. cinereus
S " 

arcticus
B 

" 
brevicauda

P.maniculatus

C 
" 
gapperi

S " 
cinereus

S " arcticus
B "brevicauda
P "maniculatus
l'1 . pennsylvanicus

0"406

0"944

0"531

0 "524

0 " 528

0 "522

0"500

0"320
sú

0"940**

0,486

0 " 478

0.483

0"475

0"446

0"308
\Lú

0"939"'*

0,481

0 "472

0 "477

0"468

0"438

++ Probability > 99 % level"



o)

b " Telforcl

No" pupae per acre
No" pupae eaten
r:er predator S " sexmacul-ata S

S
" sexmaculata
" 
siqnaria

S . sexrnaculata
S. signaria
S. oweni

C, gapperi

S. cinereus
(- n¡nnarivo:rÉrLJv-*

S, cinereus

C. gapperi
S, cinereus
S " arcticus

C. gapperi
S. cinereus
S " arcticus
B "brevicauda
(\ 

^annarivoYsl/t,v!4

S " cinereus
S. arcticus
B.brevicaucla
P,maniculatus

C. gapperi
S " cinereus
S " arcticus
B "brevicaudaP.maniculatus
14. pennsylvanicus

0"915
ú

0.913
ú

0"910*

0.911*

0.901

0.221

0 "1t29

0.384

0.875

0.239

0"440

0.395

ñ tr <q

0.564

0"804

o .g 17* 0"441

0"930*

0,gl0* 0"446

* Probability Þ 95 16 leve1"
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c, Seddones Corner

No" pupae per acre
I'lo " pupae eaten
per predator S"sexmaculata S.sexmaculata S.sexmaculata

S.signaria S"signaria
S " oweni

(- n¡nn¿.ri

S " cinereus

I -a-^ari
S " cinereus
(- n:nnari
S 

" 
cinereus

S " arcticus

C. gapperi
S. cinereus
S " arcticus
B "brevicaucla
C. gapperi
S , ci-nereus
S " 

arcticus
B "brevicaud-aP.rnaniculatus

C. gapperi
S " cinereus
S " 

arcticus
B.brevicaucla
P "m.aniculatus
IrI" pennsylvanicus

0.862

rì lt 2t

0.363

U.JOJ

0 " 363

0,363

0.329

0"830

0,317

0.604

\/.OUJ

0"602

0 "602

0.60 3

0"652

U"J IJ

0.607

0"605

0,608

0.608

0 " 609

* probability Þ 95 % leveI.



d. P'ine Falls

llo. puf¡ae per acre
l.lo. pupae eaten
per predator S 

" 
sexnacul-ata S. sexmaculata S. sexmacu-l_ata

S "signaria S.signaria
S . ov,leni

f' a:nnari

S. cinereus

I annnori

S 
" 
cinereus

C. q"r.pneri
S. cinereus
S. arcticus
(- arnnariv o Ysl/¡/v!e

S " cinereus
S. a-rctícus
B.brevicauda

C, gapperi
S. cinereus
S. arcticus
B "brevicaudaP.maniculatus

C. gapperi
S. cinereus
S. arcticus
8.1¡revicauda
P "maniculatus
14. pennsylvanicus

o "72g 
1 o "7 612

o.7291 o -7612

a,7s62 g "l}qq

0"7s52 0"7854

0.75s2 0.7854

0.649

0 "714

o "77 33

o -7733

0"8005

o "79 44

0.630

0"580

0.646

0"656

4
0 "794'

1 Probabilityp 90 % level"
2 ProbaÏ:ilityp 91 % leveI.
3 Probability> 92 % level,
4 ProbabilityÞ 93 % level.
5 Probability > 94 % level"
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istíng ín Telford plot is som.er^¡hat similar (Tabl-e 14b) r

where shrerr's indicate also a. d-irect resnonse of a

straiç¡ht line type. Onlv green l-arch looper popuiations

are so rel-ated to smali- manunal- numj:ers" In SeddonEs Cor-

ner p]-ot- (Tal:le 14c) , on1lr recl.back r¡ole nopr,rl-atíons

showed a significant functional resnonse to qreen and

brown larch looper pupae; the rel-ationship v¿as once more

of a str:aight line type. Pine Falls p1-ot (Table 14d)

shows that the combined numbers of masked. shrern¡s ancl

redback voles are needed to register a significant. res-

rronse to larch Looper pupaeu urhereas the single nopula-

tion of either species does not show any response.

bu lîcology and life history of l-arch I-ooper nopulations
from fíeld data

According to the nun'J¡er of larvae col_l-ected in
larval sampl-ing traps (oil- drop funnel-s), the bul}; of fal--

f-ing Larvae of S.ËgxqegulggAu the qreen larch J-ooper ¡ oc-

cLlrs ín Augr.rst and Septernber (Table 15), The table shows

a spread of recoveries of these larvae beginning in June

a.nd extenclíng until Octoberu and possibJ-y llovember, This

tenc'ls to i.nc1ícate a year-round Þresence of their Þupae in
the Manitoba bogs.

The second most n,im-erous sr:ecies of the l-arch

looper groupo S."e¿gner¿go the brown larch looper, shovrs a

somewhat simil-ar patterni the collection of l-an¡ae occurred
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maín1-y ín July and Augustu with the hulk of recoveries

in August (Tabl-e 16). Äl-1 plots supÌrortecl the idea of an

earlier appearance in the bogs * These pupae then woul-d

be present in the plots in early Auqust and Septenber,

fol-lorving the emergence of adul-ts.

The third ancl least numerous species of the

groupu S"or^¡enlo foIl-ovls very cl-osely the pattern shor^red

previously by the green larch loopers (Table 17). Three

of the ptots u hott'ever u showed a la.te occurrence of lar-

vaeB Rennie, Telforcl and Darwin plots. The remaininqr

pl-ots registered also l-ate August and September ocet-lrren-

ces while SeddonEs Corner plot recordecl mainl-y July anC

August recoveries" This ind-icates that this species oecurs

a l-íttl-e later in the season, compared to the former t\n/o.

A fourth specíes of la¡:ch looper u -$..þigolo-ra-

!ê FaÌ::r, o appearecl onJ-y once ín the pl-ots" IÐ 1963, a to-

ta-l of 19 l-arvae v/ere colLected in Rennie (12) and sed'clon's

Corner (6) plots in early and late P'ugustu and in Riverton

(1) plot in late JulY,

c" Caloric values of larch looper life staqes

Special emphasis has been pla.ced upon the ener-

sv val-ues of gglligthlg-A spp"e äs it is one of the most nu-

m.erous group of insects in the bogs and is likely to play

an important role as a buffer for small- r¡ertebrate preda-

tors (Bergeron and Buckner 1970) 
"
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The caloric values of the la'rch looper life

stages are recorcled in Table 1 B. Larch looper Ðupae of-

f er a surprisingly high caloric t¡a.lue u íf cornparec to

larch sawfly eonymphs. Buckner (1964) deterrnined- the c¿è

loric value of one sat^rfly eonymph to he 0"07tt kcali the

caloric value of one sram' of eonyrnph (or 1 5 individuals)

amount-ecl to 1"2 kcal. In conparisonr the looner puÞae

yíe1d,ed a caloric value cf 0"056 l<cal' per pupae ancl 5"40

kcal per gram of nupal material (or 27 inclivicluals). It

is unlili.el-v that any stage belov¡ the third instar woulc

provide a major foocl source for: srnal-l forest r,'ertei:ratesu

but the energy values of the later stages compare favora-

blr, v¡ith those of the other grouns " The lrighesL value per

inCivicluat is achievecl in the pupal stacJe ancl the highest

per gram of dry r^reight in the third instar larvae,

The rneLabolic requirements of redl:ack rroles and

several shrew species in terms of larch looper Dupae are

record-ed in Table 19, such parameters a-re usuall-y cletermi-

ned by clividing the DEB value of sm.all rnammals kry the ea-

loric value of a given food item" This energ]¡ budget of red-

back voles v¡a-s Ceterminecl using their oxl¡gen consumptionu

carbon dioxide prod.r-rction and" urinary-nitrogen content as

shown in the next section. The potential clail-y intake by

small rnammals is often referred to as the eoptimurn poten-

tial predationt, These ::esults represent of course approxi-
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mations of rr'hat is really happening in the l{anitoba Lross 
"

The taÌ:le sJrorqs al-so the potential intake of small ma-m-

mals for a fixed 9O-day preda.tion periocl that could very

rr'elI occur in the l,lanitol:a boqs (the nevrly avaílable pu-

pae material is present ín the Ìrogs from Augu-st to ltTovem-

ber), By comparing these results to the population esti-

mations of larch looper pupae (Tabtes 9 o 10 and 12 of the

Anpendices) ¡ one could attribute such lor.n¡ numl-.ers to the

intensive predation of sna1l mamm-a.ls on their pupae.

A.n indication of the total cal-ories avail-able

from Semiothisa spr), rvas deri-vec1 from data collect-ec1 in

1968 by the authoru and a-lthough that lzear represented a

lov¡ r:oint in the population of thís insect, nevertheless

substa-ntia] energy values \^Iere afforded hy it (fabl-e 20).

This comÞonento even if util-ized exclusirrellzu coulc1 sus-

tain populations of many of the insectivorous vertebrates

for periods un to about one month"

B" Studies of small mamrnal 'populations

ao Relationships within small- mammal popul-ations

The role of nar¡¡ralian preclation upon larch l-oo-

per pupae \¡¡as determined hypothetically in the first sec*

tion using population estimations of both groups. It v¡as

showna Þarticularly in the tast part of the latter section

that small m.amrnal preclators v¡ere related to larch. looper
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numbêrs by exponential curves. It r¡¡as also f ound that pu-

pa1 mortality frorn- Snä11 mar¡.ma1s allowed to predictu to

a certain degree, future larch looper populations and that

certain sÐecies of small mammals showed numerical and-

functional responses" The present study v¡iIl sho\^7 the pat-

terns of small marrmal population fluctuations and give

simple relationships existing aro-ong them.,

The sIF.aII marunal population fluctua-tions invol-

vinq tl're 5 most numerous species of the lt'laniotba bogs are

shor,¡n in Figure 4 and Table 13 of the .Appendices " General-

ly speakingr wê see that only one vole and- one shreïr €pe*

cies form the bulk of sma]l rnammals in the boç¡s. Vle note

also that reclÌ¡ack vole population peaks d.o not coincide

hrith those of masked shrer^is; high vole populations are

usually regisLerecl follorving low levels of rl,asked Shrer'rs

and vice-Versa. This is particularly tr:ue for the F.iver-

ton plot where both populations seern to be inversely re-

lated. The population estimations of these 2 most nume-

rous species of smal] rnannals \¿üere compared and statistj--

cally analysed against popula.tions of other smal.l mamm'al

species, The results shor^¡n in Table 21 suggest certain re-

lationships to exist anonc{ them in all plots" Tn Rennieo

masked ancl. arctic shrells on one hand, and mea<lor¿ and red-

þack voles on the otheru appear to be <lirectly related at

the gg percent level" It is interesting to note that the

former relationship holds true in all but Pine Falls plot'
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v¡hile the latter one holds true in only 3 plots, Further-

more o rnaskecl shrew numbers are r:elated statistically le

those of short-ta.il shrev¡s and rnea.clov¡ voJ-es of Fiver:ton,

ancl to deer ntice of Tel-ford.

Hov¡evero recent field c],ata on hancl do not fit.

in the nentioned ponulation patte]:ns. Table 1Ll of the Ap-

pendiees shov¡s an index of abundance of small rnammal-s

caught in the 1970 and 1971 period" Althoush masked shreto's

and redback voles fornr.ed the Ìriggest r_:art of t-he trapped_

animal-s in 23 sampling locations, there al:e no indica.t-ions

of nopulation relat.ionshirrs in the form as mentionecl a,bo-

Vên

b" Food preference tests

The foocl orefer:ence trial-s vrere gir¡en special-

eranhasis for rnasked sltrer^¡s and- reChack t¡oles since these

species represent up to 77 pereent of the small- manmal

num.J:ers in the lllanitobs bogs (rable 14 of the Anpendj-ces) "

Comnlernentary data v'¡ere ta.ken from Sêeondary snecj-es of

shrews o voles and mice, although the number tested v¡a.s not

hiqh. en.ough to lead to any valid. conclusion.s "

1 . Shrev¡s

Food preference tests involvinq healthy larch

looper pupae ancl healthv l-arch sa\4?fly cocoons v/ere conduc-
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ted on 37 arlult shrev¡s of 4 snecies: 25 S"gilg-I"uç o 2 E"

aletjsgEu 5 {.!gy* and s s"!rer¡rç"U{g" Cn the v:hcleo 1s

animals shov,'ed a preference for larch looper pupae con-

parecl to ?-1 for the sarvflv cocoons (Tab1e ?.2) " The shrev¡s

seemed to react tov¡ards the food items as incliviCu.als ra-

ther than as a groun, Ttris is stressed by the X2 analysis

of the num"l¡er of v-isits rr,"ade to the trvo food itens; the

calculatecl 'Pi values rvere 43B"Be 167"4 and 63.7 for the

rnask-eclo pigmy and- a::ctic shrewsu responses to the given

choice.

The tendency to prefer one of t-he given Food

j"t.em. becomes negligible v¡hen the tota'l nu¡nber of visj-ts

are cc¡nsidered, As a qroup, masked shre¡,'¡s registerecl- 1596

visits to the looper pupae compared to 1587 to the savrfly

cocoons (Tal:,le 15 oi the Apnend-i-ces); the non-preference

to one of the food. ite¡¡.s is shovin by the I valu.e of 0.04"

The non-prefelîence is also shor,¡n by arctic shre\n's, as

they averaged.33 visits to the pupae and 89 to the cocoons

(t = -7,00 r,vith 1 cl"f .) i pigny shrews, 223 to the pupae

and 300 to the cocoons (t = -0"57 hrith 4 d.f.); and short-

tail shrev,'s, 302 to the punae and 337 to the cocoons (t =

-0.39 r^¡ith 4 c]."f ", Ta"bl-e 16 ojl the ÃppenCices) 
"

The c1ai1y nunber of vi sits of inc-l"j-viclua1 shr:ew

species is tabulatecl in Ta.]¡le 23. t4askecl shrern's shorv a si-

milar: nu¡;iber of visits to both food iterns o as they registe-

red 34 visíts per dalz to the punae comnared. to 33 to the

savlfllz cocoons. The reverse is true for the other 3 species
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of shrev¡s as the savrfly cocoons were visited more often"

There seens to be no clefinite pattern of pre-

f eren-ce betv¿een the SeXeS; rnal-e maskeC shrer'¡s , for exa-m-

pleu averaged 38 visits per clay to the pupae and 40 per

ilav to the cocoons (t = -0.25 v¡ith 12 d,.f "). Fereales

shov¡ed a higher number of daily visits to the pupae as

they averasecl 35 visits to that food. item comÞarecl to 37-

to the cocoonsi (t = 0"45 with B d.f .) " Al-though not sta-

tist.ica.lly significanL, the daily visits sugçtest that

sawfly eocoons are preferred þy rnal-e rnaskecl shrews rvhile

females tencl to prefer larch looner punae" The tabi-e

shorvs also that the fo::mer food" itern seems to be prefe::-

red by males and females of the 3 other shrev"' snecíes o

except male piqn shrev¡s '

2. \roles

Food preference trials hlere cond-ucted on 35 g.

gapperi: 6 sul:ac1ult males u 12 subaclult ferna.les u 12 aCult

males, and 5 adult fenales, The weiqh.t of sul:adult males

ranged from 15.2 to 19 .2 I e and the females, frorn 1 4 ' 4 to

1g"B g" Both groups hacl the sane avera.ge r¿eight of 17 "7 gi.

The adult females ar¡erase<l 2.3 "6 g (20 .2*?.5 "0 ) and Lhe ma-

lesu 22"11 (20"3-30"0).

tr{hen given the choice between a h-ealthy larch

looper Eìupae and a heal-th1t larch sautf llt cocoon u Ç-.geppgri



-t 
^z

reacted as inCivicluals rather than as a grouÞ. Thelz visi-
ted the larch looper pupae 1 453 tirnes eompared to 1912

visits to the sawfllr cocoon (Table 17 of the Ãprrendices),

Although not significant (t of choice - -1 "3tl 4 t of ta-
bles) o the animals made an average of 19.2 clai1y vísits
more to the sarvfly cocoon for the whole periocl of inves-

tigation. Eleven voles nreferred the oupae, r"¡hereas 12.

chose the sar,,'fly cocoon. The tendencv to prefer savifly

eoeoons is stronger \{hen anatysed }:y snecific age and

sex groups (taL'le 24) " .Arnong the voles that preferreci

the larch looper pupae, seven females aver:aqecl 79"1 dai-
11r visits compared" to 19 .0 !:y four ma-l-es " An:on,q those

that selected the sav;fly cocoon u five females reqj-stered

130.2 <laily visits and the eight males u 118"7, It is in-
terestinq to note that the pa,ttern of selection car,i.e from

adult animals, wherea.s subadults cLiC not shorv a Þreferen-

ce for either choice. Ide see that althouqh the rrreference

for sav¡fIies over larch looper pupae is verlr weaku those

animals that preferred sar,¡flv cocoons regristered the

hiqhest number of visits and seem-ec1 thus to be ¡lore acti-
vê" As a whole, the 96 d-ay-exneriment nattern did not

shovr a narked variance over what was demonstrated before;

th.e preference for savrfl-y cocoons ÌÀ/as reqisterecl in 41

days eom-pared to 40 clalzs of selection for the Þur;ae" The

remaining 15 days showed no preference at al_l"

The second. test involved. a choíce betv,reen a

healthy larch looper Ðupae and. a parasitized savrflv cocoon"
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F,lthou.gh not statistically significant ( t of ehoice =

0,944 t of tables) a the single ptlpae \^¡as preferred, pro-

bably indicating' an ability by redl:ack- voles t-o cLifferen-

tiate ]cetvreen parasitizeC and healthv inseets. This abi-

lity has been demonstratecl for other situations (llo1I-ing

1955) " Sixteen anin'rals shor¿ed a na,rke<1 r;reference for the

l-ooper pupaeu and seven voles chose the parasitizeC, cocoon

(Table 18 of the Appendices), By compari-ng the tr¡¡o latter

tables a one can see three v¡ays that the vol-es rerrersed.

their selection" The first one is shov¡n by the najority

of voles that simply changed their prefe::ence in favor of

the larch l-ooper pupae" The seconcl one canre frorrr those

anirnals that preferred the pupae in both tests, The gain

vra.s further increased by the voles that shov¡eil no prefe-

rence in the first experiment but shiftecl. thei.r choice to

the puoae in the second. one o The chanqe occurr:ed, mainly

in the adult gror-lp althougb sollìe subatlults inclicat-ed a si-

mi lar pattern"

The number of visits regristerecl, to the larch

looper pupa-e a-mounted to 1403 compar:ec'l to 1189 for the co-

coon. This shows that the animals decreaseC their claii.y

nurnber of r¡isits only in regard to the cocoon selection,

The voles averaged 58.0 d-ai.]y visits to the pltpae comÞa-

rec'l to 49.5 to the parasitized cocoon. As a r'¡hole, rnales

rnacle more visits (77.1 per voJ-e) than females (69.3 per

vole, Table 25) " Anong the anima1s that shor,¡ec-] a nreferen-
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ce for the pupae, seven fernal-es registerecl 30.0 dai-1-v

visits on the aver:ageo cor'.nareC to 76 "6 for nine ni.ales,

A. reverse nattern occurred anong thcrse that select-ed

the savrf ly cocoonu vrhere tv¡o males ar¡eraged 75,0 cla.i1y

vjsits cornÌ:arer1 to 54.4 for fj.ve fernal-es. As shotn¡n l-¡._¡

the latt-er taÏ:Ie o only ac'lu.lt ¡ra.l.es cl.icl not shor.; the

ç'::eJle::enee f or the larch looper Þupae " rn a. tota.l of

91 Carz-e¡p"riment, voles inCicated a sei-ection tov'arCs

punae for 44 ilar/s cornnarecJ. to 35 for the alte::nate choi-

cei in the rem.aininq davs, the rzol-es clj-cl not sholrr a pre-

ference for either choice,

It ruas sho',,¡n ín t]-re first nart- of the st-uclv

that -]-arch loopers \^rere outnumhered hY sav¡fl1z cocoons"

E:<alnination of Tal¡l-es 9o 10u 11 a-ncl. 12 of the A.nnencl,ices

inclicates tl-rat sar.¡f ly cocoons occur betvreen 10 anC 1000

tirn.es as frequently as do -l.arch l_ooper nunee. Oir this ba-

sis¡ a,n exnerim.ent rvas clesicrned to see the volest prefe-

rences J¡etl,,'een larch looper Ðupae anc,l" a concentrati-on of,

sarvflv cocoons. For the convenj-ence of the e:<ner:J-rnent, a

concentration of 10 sar,vf 112 cocoons r,ia.s testecJ aqaj-nst a.

sinql-e healthy l-arch loone:: Þulaa-e"

Àrnong the 23 redba,ck r¡oles u 12 nrefer:red the

concentrat-ion of cocoons cornpa.red- to I that selectecl the

looper pupaei sone voles diC not shorv anv nreference f-or

eit-her el-''-oiee, The tencl-encrz of ch.oosinq the savrf1.1z cocoons

i-s accenf-uated r,¡hen colnnalîincr these ind-i-r¡i clual sel ections
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(Table 19 of the Äppenclices) to those registered in the

p::evious experim.ents (Ta.ble 17 ancl 1B of the Äppenclices).

A-mong the voles that selected the puÐae e only 2 animals

shorqed a clear tenclency in choosing the puÞaeu the re-

maining 6 ones oJlfering erra.tic responses such as selec-

ting the pupae, in this caseu after having shor..zn a prefe=

rence for the parasitized, cocor:n of the previous exper:i-

ment, Among the voles that chose the concentration of co-

coons u f ive animals ca.me f rorn the grouÐ which haC shor¡n

alrea.dy a preference for the looper: puÞaeu while 5 others

shor,red a clear gradient of responses, selecting in a rov¡

the cocoon of the fj-rst testu the pr-lpae of- the seeoncl ex-

perimentu and the concentration of coeoons oll the third
t.ria-l" One vole consta.ntlV sel-ectecl savrfly cocoons v.'hate-

ver the choice of fered o ancl- another one showed an erratie
response similar to the one cited aÌ:ove.

The nurnber of r¡ísits to the treaclles averaqed

689 for the pupae compared. to 954 for the cocoons (t of

choice = -1"38< t of tables). Among the voles that selec-

ted the former food item.o three males reqistereC 31 "2 dai-

ly visits comlrared to 24.7 for 5 females (table ?-6\ . Se-

ven males recorded 43,0 daily vísits to the concentration

of cocoons cornpared to 83,0 for 5 fernales. It Ís ínteres-

ting to note that subadults shov¡ed the highest number of

visits f.or the cocoon-prone animals while aclul-ts did the

sam"e for the purra"e selection" Over an BB d-ay experimental

perioclo 41 days indicated a t.rencl for the cocoons selec-
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tion comnarecl. to 31 fo:: the alternate choieen the rernai-

ninq 16 days shov,'inq no seleetion fo:: either choice,

Concentrations of loopers \¡r€r€ aJ-so tested a-

oainst a sinole sar+flv cocoon to sinulate those instances

r'¡her:e J-oopers nay Ì:e more alrunc-l.ant than sar^¡f l--ies. Fl-even

vol-es selected the concentration of looner pÌlnae aqaj-nst-

10 for the alternate choice (Table 20 of the Ãnnenclices).

The ove::all nunJrer of vi-sits nacle to the concentrati-on of

pupae tot-alleci. 1023 ( 46 " 5 ner r¡ole) eomna.red t-o B 15 (37 
" 0

per voJ-e) for the sinclle cocoon (t of choi-ee : 0,65( t of

ta]¡l.es)" A,r,'r.onE the ani¡nals t-hat -::eferreil {:he fj.rst i.t-emu

f ir¡e m.ales recorcleC 43"6 c1a-i-l1r r¡isit-s eomnai:ed to 95,0

f.or 6 fena.les. Ã.nong those t-hat selected the sar^¡flv cocoon,

5 r¡a'l es reoist.e::ecl 76.0 rlailv visits a-s onnosed to 38.6

for: a sane num.ber o:F females (raÏ:le 27) , The concen.t,ratj-on

of larch l-ooper pupa-e reversed Lhe nrer¡-i-orrs nattern of se-

lection âs shov¡n in the f irst and third exner-inents, v¡here

the vol-es Ðreferred sliqhtly savrfly cocoons over the larch

looner pupae.

The eomplernent-ary tests of 10 meaCovr voles (I.

pennsJ'lvanicus) and 2 d.eer ¡nice (P"nan.j-culat-u.s) shov¡ec1 the

sam.e prefe::enee patterns as shrern¡s anC. r¡oles c'licl" Äs a, t^¡ho-

la- hal f of J-hen. nreferrec-l the larch looper trur:ae and thervt

other hatf , the sâ\dfl\¡ cocoon" l'îeado¡^.r voles rlac],e Ll52- visits

to the Þurrae conparecl to 549 to the cocoon; the cleer n,j.ee

t-otalled 268 visits to the nuÐa-e ancl 160 to the cocoon

(Table 21 of the Änpendices) " The Ca-il.r' visits of meadov¡

voles to the larch lool:er pu.pae avera,oed 12 ner day
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cornÞâred to 13 to the l.arch sarçfl\¡ coccon¡ the deer rr.ice

::eqi.sterecl 38 r¡isits per dav to the nuDae an<1 19 per dav

to the cocoon"

cn l'letabolism anC metabolic reguirernents of shrer"/s ancl. vo-
1^^I,EJ

The mean values of clailv ox]'qen consurnption and

carhron dioxide pr:od,uction of redback voles al:e listed in

Table 28 " The tabl.e shorrrs that oxyqen eonsurnpti on and car-

bol'r clioxide production increa-sed as temr:erature decreased 
"

The ox1'gen consumption increased howevero at a greater ra-

te than did carl:on dio>lide Þrodìrct.ion (Fi-qure 10) u so that

the RQ r.r¿-l-uss r."¡ere lower t.han expectecl. " The rec]back voles

consumed c1ail1z 4.59 cc of oxlrgen ¡1er g-hr at 69-72*F u

5.92 cc at 62-6tt@F ancl.6"33 cc at 53-57eF. The carbon di-

oxj-de production averaqed 2 "90 , 3.60 anci Lt, "2A cc p,er g-hr

for the same gradient of ter¡nera-tures, The l-atter f igu.res

ere srrrpri-singJ-1' Iov¡ rvhen eomnarerl, to those of Pear:son

(1962 ) and Lttorrison ( 19 4B ) . .èssuli'"ing RQ values of 0 " 70 and

oxygen j-ntakes such as shov¡n akroveu the COZ production

shotrl-cl average 3 "21 , 4.14 and 4 " 43 ce per ç_f-hr at s j.milar

temperatlr.res "

Vihen oxvgen consur¡.rrtion and, cai:bon clioxide pro-

duction \47ere pì-otted against their resnectíve t-ernrreratures,

a J-inear relationshi-n he-l-d tr:ue at the 90 percent level

llor the oxygen and 99 percent for the COr procluction (F,i-
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Figure 10, Oxygen consurnptionu carl:on clioxide

and temperature relationships of Z0

Voles "
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gure 10); as stípulated earlier, oxycen consur¡Ìrti.cn ten-

decl to inerease at a hiqher rate t-han CO, procluction d-i-d"

Table ?-9 shotrr¡s the relationship exi sting betv¡een t-he res-

pirator¡¿ cruot-ients of voles and their correspondinc CI,

a-nd CO, values. The oxycfen eonsumpti-on aepeareC to be re-

lated tlirectJ-y to the RO val-ues vrhile CO, production did

not shov¡ such relationshin"

Idhen analvsed by a,ge ancl sex groups, the oxy-

gen eonsumption and carbon riioxide rrrorLuction cÍave inte-

restincr trends. Generally speakinqu the average consunpó

tion of oxygen was higher in rnales than in females (Tabi-e

22 of the Appendices). This contraclicts the ç{eneral ten-

dency to give higher O, consumptj-on to females; such re-

sults have already Ìreen compiled for Pe_qomy_sçg-€_ (Cook and

Ilannon 1954), tree-shretrrs (lfel-son and Asl-inq 1962), ancl

corrimon voles (Trojan and ÏiTojciechor.'ska 196'7) " On the con-

trarlz¡ fly results suppol:t the bel-ief that males are par-

ticularly sensitive to mild stress r'¡hen comrra.re<l to fema-

l-es (Chitty 1960, Schell 1967) . The oxygen consumot-ion of

males was found to be 1,06u 1.08 and 1,08 times those of

females for the decreasing ord.er of temneratures. Sub-

adult males consum-ed more oxyqen than c1i.tå females, al-

though the trend rn'as l-ess oÌ¡vj-ous among adul ts u where fe-

mal-es consurned more at 62.-64@P and. much I ess at the two

extrernes, The carbon dio><ide procluction v/as a Iittle

hiqher in males at both maxímum ancl n'ínimurn tem'ireratures.

The production of males amountecl to 1"02, 0"96 a.nc1 1"04
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tim.es those of fem,ales for the decreasinq order of ternpe-

ratures "

The carhon dioxi.de production of recÌ:ack vores

1,ùas found. to be statistj.calJ-y rela-ted to the oxvgen con-

surnption at the tr^¡cl extrerne ternner:atures (pÞ 99 r,.,ei:cent),

while at the rnidctl-e temperatu-re ranse tested these two va-
lues \^rere re]-at-ecl onlv at the 93 pereent level (Table 23

of the ApÏrencJices) " The relationship held, t_rue at all
temrreratures only v¡hen voles with Fe of O "73 and over \^¡ere

analvsed (P Þ 99 percent) , The rel-ationshíp anneared. to be

t^reaker lrrhen oxyçien anrl ca-rbon cioxic'le va_lues v/ere con\zer-

ted, to a volume r:er ct*hr basis, This suq<¡ests t-hat the
weiqht of animals could have had an infl.uence on either
t-lre 02 consumption or the coz va.lues or on l:oth of t.hem,

Tlris cont::adicts the studj-es by pearson (1962) when he

mentíoned that one need, not correct the co.r output for
I'

weiqht at varj-ous tem¡reratures.

The claily ur:inar:y-nítrogen measurements were

perfornred on 5 rzoles using a gra<ljent of temperatures si-
m.ílar to that which rvas usecl- for theír m.etal:olism stud.ies

(Table 2.4 of the Äppencices), The cail-y or¡era,rl- rrroduction
avera-cred ¿16"9 rng for animals v,zeighing 2.0"9 g, The f luetna-
tions of the nitroqen measrtrements at c]ífferent tem.Fera-

tures suqgestecl no correlation betrveen the I atte¡: values 
"

I{orlreveru a clecrease in niti:ogen excretj_on seerned to har¡e

occurred. as ten'rperatu::e increasecl-; the avera,ge nitrogen
excretion at 54 , 66 ancl 72@F indicated a slor,' clecrease
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from 59.4 to 44"1 mgø to final1y rea.ch 43"7 at the high-

est temperature"

Based on oxygen consumptionu carbon clioxide

p::oduction and ueinary-nitrogen excretionu the m.etaÏ:oIic

requirements of redback voles are listed ín Tab1e 30. In

orcler to sustain their needs at a f airly l orr¡ temperature u

the voles need to increase their energy intake by 34 per-

eent, At a temÌ:erature of 53-57oFr t¿hich is thought Lo Lre

about the yearly avera.ge tem.perature of the Manj-tol¡a bogs

(Buckner 1964) ? the voles had to burn up to 1?. percent of

their c1ai11z energ]' budget (nnnl to sustain their protein

metal:olism. The DEB of redback voles fel-l rvithín the li-

mits set bv several workers (Kaczmarski 1966u Trojan and

T{ojcieschowska 1967) " Ilol^¡everu the íncrease of their d.ai-

ll' bucl.qet frorn 69*72@F to 53-57@F contra-dicte<l the re-

sul-ts of Goreckí ( 1968) .

The requirements t'/ere also calculated using

the calorific conver:sion of oxygen and m.aximun val-ues of

R0. Althou.gh such estimations are of maximum valuesu they

fal-I very close to those procluced earlier (table 25 of

the Appendices) e that is rsithin 2 percent of the forner

values,

AccorC,ing to Brody (1945) u t-he rel-ationship

existing between rnetabolisn ancl bod'r weight in naminals

rna.y Lre expressed by the ecruation

M - a hrb, urhere

Þ1 = Bl,lR
a - specif íc rnetabolisÍt = '70 

"5
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Table 30 " The rnetabol_i_c requrrements of redback voles_

Type of analysis Temperature (6 F)

s3-s7 62-64 69_72

l'.'lean d.aiIy urinary-
nitrogen excretion

(mglvo1e)

Daily energy for
proteín catabolism

(kcaI)

Daily metabolic re-
suirements (l<cal)

SDz\ for proteins;
40y, of calories de-
rived fro¡n protein
catabolism (kcal)

59"35 44.14 43,70

1"57

13 "25113"50'

0 "629

1,17 1"16

1t q? ô ô.tþ6JJ¡ J.L I ¿

12 "77 ' 10 " 15 |

0,468 0.463

1 Derived frorn data of Table 1B of the Appendices,
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I'I = weictht of aním.a.ls expressecl in kg
and b = a power transfonninE rvei crht into netabolic acti-

rze vTsj-gþ¿ = 0"73"

By substituing these rzalues j-n the equationr one can car-
cu-late the expected Bt4R" For redback voLes eTsighing 19,1qu

the basal reguirenents shoulcl amount to 3"g7 l:cal per c1a-y,

Their calculated Ä"Dl4R at 7o-72@F amounted to 6,r+5t2,qB

kcal ner clay and the ADMR correeted for sDA_ (Specific Dy-

namic 7\ction) of proteins averaged 5"98t2,48 kcal per cla_y,

The v¡j-de discrepancy between the observed- and_ calcul_ated

r¡alues sugqests that the m.easurements \¡/ere not made in the
tlrermoneutral zoneu v:hich is knov¡n to b,e aTrove 72@T for
voles, .A sirnple s2 anaJ-ysis ]:etv¡een the o.bserved and eal-
culated. val-ues supports {:.his idea (XZ = 52"Þ:¡.2 of tables
a-E 36.2), rt is belíeved however, that a qood pronortion
of the popuration v¡as ín or near: the thermoneutral zone 

"

This is supported by the fact that if r.¡e d.o not consider
the 3 voles which showed the hígtlest indiviclual x2o the
newry formed value amounted to 29 "z and proved. to be sta-
tistically significant at the 99 nercent l-evel" Thís

suggested then that 85 percent of the rabora_tory vole po-

pulation cou'ld have reached a near Brfl? level-" The discre-
pancl¡ Ï¡etween the turo values surelv r,¡oulcl have been r:edu-

ced. hacl- the measurements Ì:reen taken at a stiLl hicrher tem-

perature.

The metabolic requirements of m.a.sked shrer.rrs ha-
ve already been calculated by Buckner (1964)" Ire determi-
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ned- their daily reguirements to avelîac{e 6"02t0-26 kcai-"

Their rainimal clai1-y energy intake averaged 3.10 kcal,

The Bl4R values of shrews ranged from 1,9 to 2"3 kcal
per day, the forrner value being d.eterm.ined by Brcdyss

formula anC the latter one estimated with the r.,inimun

intake of oxyç¡en ancl corrected f or SDA of proteins " The

rnetabolic requirerirents of indivj dual shrew species have

been estimated at 6"94 u 6.67 an<1 9"69 kcal per day for
S"arcticuso ]!,_þ_oy_i and B"brevícauda respectívely" These

values represent of course the sum of the active ancl

passíve metabolisms of anima.ls"

C. Stud,ies of small mammal and insect. relationships

The population dynamícs stuCies and the fooil.

preference tests suggested that the larch looper m.ate-

rial could play a. role in the diet of small- m.am¡ra1s. Thís

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 shoul-d crive a direct and qua*

l-itatíve val-ue of the first supposítion while the pi.an-

ting technigue v¡il-l give a quantitative one in terms of

predation by small namnal-s.

a. St.omach analyses

The analyses were performecl on anima-l-s tra1rped



L2?.

in the summer and fall of 1g7o and snringo summer and

fall- of 1971" The traoning inclex thus c'lerived for a 10

month period is shown in Tabl-e 26 of the Aprrenclices 
"

The 1970 trapping period. yieJ-ded 139 animals arnong

r^¡hich shrews totalled 60 Þercent" The shrews v;/ere of
3 species with a preponderance of short-taíl shrev¡s (48)

over masked (35) ancl arctic (1) shrev's. Voles were on*

Ly of 2 speciesu r.vith reclback voles (34) more common

than meadow voles (20) ; jumning mice (å.bggs-gn¿gs._) v¡e_

re caught only once in the tranping perí.od" The 1971

trapping sessíon extended from Fel'rrua::y to september.

Ãrnong the 179 trapoed animals u 93 were masked shrevrs u

76 redback vol-es u 7 meador{ voles ancr. 3 bog lemmings

(Ey¡gplom:g ç_eope_Eå) . Vte note the a_bsence of short-tail-
shrer^,'s in the wintero spring and summer months of that
Îtêã 1.

The stomach contents of- 318 shrews and vor-es

were cletermined volumetrically and the percentages of
larch looper and larch savrfly materials assessed.. An ad-

ditional 173 sampLes ca.me from gut anallrsss of the va-
rious shrew species" The volum.e of stomach contents by

plotu specíeso age and sex are risted in Table 27 of the
Appendices' As a whole, the volume 6f the contents va-
ried so v'idely between ínclividuals that no cl-ear-cut
picture can be clrawn" Generallv sneaking, the rnonthly

volume of stomach contents of maskecl shrews a-veraqed



0"05 cc in the su¡Tlmer a-nd winter months with the excep-

tion of April X971s when 16 individuals tripled this vo-

Lurne (Ta]:le 31), The I'4ay fiEure of 0,75 cc is rnisleacling

since it is derived frorn on1-1y one ind.j-vid.ual-" But it. can

be said that masl<ecl shrervs act fortuitousl-y in the sense

that they increase their foocl consum.ption in the spring

¡ronths by gorging thenselves on newJ-y avail-abIe m,aterial.

Short-tail shrews were capturecl only in the sunmer months

of 1970u and their average stomach volume anproached

0.04 cc v¡ith no apparent difference l:etv¡een t-he sexes6

Recl-back vole stomach contents variecl from 0,6 to 1"1 cc"

The eontents of males fl-uctuated betrveen 0"5 to 0"9 eci

one individual- t.rapped in Î''la-v 1971 hel<1 a record of 2,20 cc,

Stomaeh contents oi females varied from 0.4 to 1 " 5 cc

with an extreme value of 3,4 cc from a fernale of the same

loca-tion and month,

Mea-d.ov¡ voles al-so shov¡ed an average of about

0"8 cc in content throrrgh the trapping period" There v,¡ere

no inclications of differences betv:een the sexes if v¿e base

the fiqures on months of equal capture of both males and

females" The month of August 1970 vras such a month ancl it.

can l:e seen that the males averaged 0 " B cc comÞared to

A.1 cc for the females,

Although not rnentioned in the last fern' tables ø

the stomach contents of an arctic shrew was estimateC at

0,05 cct which is verlz cl-ose to that fo:: the maskecl shrews,

The two male bog lemmings caught in Fel:ruary ancl March
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1971 had stomach volumes of 0.05 anci 0,3 cc respecti-

velyu v.rhich was much belorv the values for the other

rodent species. The jumoing mouse trapped in August

1970 hacL a stomach content of 0.3 cc of r:l-ant mate-

rial,
The volume of the snal-l ancl larqe intestine

contents \¡7ere d-etermined vol-umetrically the salte way

as the stornachs were, The r¡olumesu classífied bv plotu

species ¿ âg€ ancl sex can Ì:e found in Table 28 of the

Anpendiees. As a q¡hole, the nronthly volume of the gut

contents averaqecl 0 " 1 cc for ¡¡.asl<ed shrev¡s and 1 " 1 cc

for the shorL-tail- shrev¡s (fable 32) " As fa:: as masked

shrev¡s are concernedu there seemed to be no <i.ifference

betv¡een the volume of summer and uzinter gut eontents u

although the Mav figure (1971) of 0,4 cc by one female

is m.ísleaclinq. Table 28 of the Apr:endices does not shorn¡

any existing differences betr.reen the volume of eontents

of the clif ferent age cjrouÐs; the very lov¡ numbers of

subadrrl ts cauqht in snap-back traps did not permít such

a comparison between the trvo gror-rps" trole note also that
the gut contents of masked shrews averaged about tv¡ice

those of the sLomachs u while short:taí1 shrer,¡s containecl

about one-third m.ore. The volume of contents of the arc-

tic shrer,r¡ was estimated at 0. 3 cc t r¿hich represented a--

bout 6 times the volume of the stom.ach matería.Is" This

corlìrnon feature will be discussed later in the text as the
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ç'ut contents tend to shov¡ better i:he foocl historlz of

ttre shrev¡s than the stomach contents do "

The overall picture of the stomach and in-

testinal contents is shov¡n in Table 33. I'le note tha-t

larch looper material is found in verlz lor+ percentages

in the sto¡nach ancl. intestinal contents of the tro'o rnain

sr:ecies of shrev¡s, i,e. the masked and short-t.ai} shret¡s'

Inle See also that this percentage tends to be constant

in both analyses while the same is true for the 5¿qrffrr

ancl sother insectss materials.

Larch looper rem.aj-ns \',lere found- in 1 redback

vol e and 15 shrews a among ruhich 9 rn.asked ancl 6 short-

tail shrews yiel-cled fairllz hígh percentaoes of remai"ns

(tabl-e 34) ' I{e see that thelz ra-ngecL from 0,2 pereent

ín the redback vole to 69 percent in masked shrews"

As a vrholeu 19 analyses (3"9 percent-) showed

larch looper remains of which 7 occurrences apÞeared in

the stomach contents, It is noteworthy that the grut con-

tents registered more occurrences of larch looper re-

mains than the stomachs did. As suggestecl earli-eru this

míght be caused by the fact that more rnaterial v¡as avai-

lable for analysis in the l-ast portj-on of the digestive

system" These occurrences of larch looper remains fron

the cligestive system of smal-l mammals lvere not local- fea-

tures of certain Oopulations since theV came llrom 7 of-

the investS-gation Plots "

A rnore detailed analvsis of l-arch looper re-
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Table 34, The nean percentage of larch looper materi a'l
recovereC fron sntall nammal stonach and in-
testinal contents "

f' of l-arch loor:er nrat'
Species

stornach intestine

s, cinereus 69 (Ð | 20 0)

B"brevicauda 22(tt¡ 23 (5)

C. gapperi 0"2(1)

1 Tire num]:ers in pa::entheses refer to the number of ana-
lyses in v¡hich the larch looper renains were found.
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mains is given in Ta]:tes 29 ancl 30 of the Appendices"

The contents vlere analysecl by snecies and äs they oc-

curred on ind.ividual plots. A sur¡'nary of these anal;y-

ses ís shown in Tabl-es 35 and 36 n where the percentae"

ges of the remains were analysed on a monthly basis.

We note that the stomach contents of short-tail shrews

contained- larch looper rema-tns in Ju1yu Auqust and

September of 1970, coinciding rvith the peah of larval

occurrences in the plots, The intestÍnal rernains shown

blt the last table suggested also Lhat masked shrews

d.i d eat larch l-ooper material- when it v¡as available in

August, September ancl October of the same vearo and-

in Anril- of the followinq spring.

The larch savrfly material- v,zas found in 89

shrews o 9 redbacl< voles and 2 meacov¡ voles for an o-

verall occurrence of 33 percent, Among the 1 49 cases

registered by the 100 animals, 69 were found in sto*

machs and B0 in the intestinal contents. Masked and

short-tail shrervs appeared to be the main predators of

sawflies as they were the onty two species of shrews

to be tranped regularly on the plots' The percentage

of sarvfl_y remains ranqecl from traees in voles to 100

percent in som.e shrews. The mean percentage of the

sawfly material recovered from small mamm.als -i,S ShOv¡n

in Tabl-e 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 monthllz
as shov¿n by

feeding history of s¡,taI1 nari,mals
the stor-rach analysis 

"

'l'l_me Species
It' of. food item

looper sawfly other ins. plant rnisc.

1970
July S.cinereus(18) 1

B.brevÍcauda ( 24 )
C.gapperi(12)
I'{. pennsylvanicus ( 6 )

August S,cinereus (1 1)
S"arcticus(1)
B.brevicauda ( 20 )
C"gapperi(13)
Itt, pennsylvanicus ( 1 3)
Z,hudsonius. ( 1 )

Sept" S,cinereus(2)
B"brevicauda(5)

Oct " S.cinereus(2)
C.gapperi(9)

197 1

Febr. S.cinereus (24)
C. grapperi ( 20 )
Sy.cooperi(1)

S"cinereus(B)
C"gapperi (4)
1"1" pennsylvanicus ( 1 )
Sy"cooperi(1)

S"cinereus(16)
C"gapperi(B)

l4arch

April

May S,cinereus(1)
C,gapperi(4)
t{" pennsylvanicus ( 4)

S"cinereus(1)
C,gapperi (3)
Iif "pennsylvanicus ( 1)

J

o
.l.

J

o

50
62

::

25

19

:t
22

3

15

30

I

tt1+t

J¿

+

100
7Ã q

| "f

4F1"f,

7B
72

100
I

68"5

:l '
93

I
I

100
l")

100
1"5

I

| øJ

B5
'tnñ

tôf,

9B

1.5 3
98,5
98"5
98.5

'l .5 20 .5

10 3
94 3

100

1"5
9B"s

100
100

98.5
IUU

98"5
100

72

9B

June



Tal¡le 35" Continued,

Time Species
% food item

looper sarvf ly other j-ns" plant rnisc,

197 1

Sept" S.cinereus(4ï) '10 90
C.gapperi(22) -- + 100
I4,pennsylvanicus (2) 100

Oct" C"gapperi(14) -- 100

1 The figures in parentheses represent. the nuinber of indÍvi-
duaLs examinecl"
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Table 36 " the monthly
as shov¡n ]:v

feec'ì-ing histo::y of smaII mam¡.als
the intestinal contents "

l'rne Species
% of food item

looper sawfly other ins, plant misc"

1970
July S"cinereus(18) 1

B "brevicauda ( 24 )

August S. cinereus ( 1 2)
S"arcticus(1)
B.brevicauda ( 20 )

Sept" S"cinereus (2)
B.brevicaucla ( 5 )

Oct, S,cinereus (2)

197 1

Febru S,cinereus (24)

March S.cínereus (B)

Aprif S"cinereus(16)

Þlay S"cinereus(1)

June S"cinereus (2)

Sept"s.cinereus(41)

;-
I

I

1"5

a

10

55
63

B

zft "5

20
11

3

33

91
100

72

7B
t)

91

72

57

BB

100

100

BB

lt:
lsJ

')

tôf,

1
L

15

2B

3

12

10 3

15

1

1 The figures in parentheses represent the number of indi-
viduals examined"
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Table 37 " The rnean percentage of larch sarvf Iy material
recovered from the small mammal stornach and
intestinal contents 

"

% of larch sav¡fI\¡ rnat.
Species

stomach intestine

S, cinereus 62(34)1 4e (qs)

B"brevicauda 6B (24) 51 (37)

C.gapperi 10 (B)

I\,i"pennsylvanicus 0 " 1 (2)

1 The numbers in parentheses refer to the number of anallr-
ses in v¡hich larch sarçf ly remains \^¡el:e found 

"
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shrer"rs. ['tre see also that 9 percent of the r¡cles vrere

founcì to have ea-ten some savrfl-y rnaterial in Jul-y, Au-

gust and Septenrlcer of 1970 u and April of 1971 (rable

27 of the Anpendices), Shrews extendecl their preda-

tion on sav,rfly mater-i-aI from July 1970 to ApriI 1971

v¡ith the bulk of occurrences taking place when the

larval drop vras the most abundant" The overall pícture

of the sawfly remaíns can be found in Table 33, It is

shown that short-tail shrew stomach contents average

tr.¡ice those of maskecl shrews " The trend is less ob-

vious in the intestinal contentsu although short-tail

shrer,vs al-so show hiqher val-ues than those of nasked

shrev¡s -

It might. be well- to clraur here a comparison

betrveen the ratios of larch looper and l-arch sawfly re-

mains as found in the population dynamics data" and sto-

mach anallzses, I{e notice in Tal:rle 33 that the stornach

and intestine ana-lyses showed respectively a 2216 and a

2z1B ratio, A look at Tabl-es 9 u 10, 11 and 12 of the

Appendices reveals a ratio of 336:3655 betv,'een the l-arch

looper and larch sawfly larvae collected in the larval

traps of 1970, This suggests and tencls to confirm the

fact. rrreviotlsly put. foward that there is no markeC pre-

ference exi-sting for either the larch looÞer or the

larch sawflyp âs the ratio of the insects found in sto-

mach and intestinal analyses is anproximatellz the same

as the one exist.íng at the population l-evel. The la-::ch
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looper ponulat-ì ons could then n nlay a vel:\¡ impor:tant ï:o-

1e ín the diet of small- marlmals, if those pr:nulatj,oñs \^/e-

re larger, Thís conclusion nicelv fíts l4urdoches th.esis

on switchincr behavior of nredato:: ponr-rlat-ionsø where pre-

d-a-tors tencl to cha-nqe (sr+iteh) their: pi:efe::ence r'¡hen prey

populat-ions Ðass a certain thresholcl (l4u::d"och 1969), There

a.i:e inC.i cations that sueh a nhenom.enon- coul-d oecul: in the

larch looper-larch sav¡fl-v system once the larch looner

nurnbers reach a cer:tain level" It i-s believed that such le-

vels \,/ere not attaj-ne<l on the investj-c{ation r''lots since

l-a-rch looner populatio!'ì.s \^rêrê at thei-r l-ov¡est ever since

1q68"

I,ìle i ncluded in the t othe::-insect e mater:ial- ca*

teqorv those i^¡hich v/elîe not larch loopers and l-ai:eh sâ\¡,r*

f l-åes. No attemnts rÁ/ere made j-n the present stuclv to cl-as-

si.fy these insect remains" rìenerallv sneakinqo this rnate-

::iaI was íncest.eC Ì;12 169 shrewsu 33 redbacl-.- voleso B mea--

clorr voles ancl 1 meaclovr junpj-ng mouse. It- is el.ear t-ha.t j-n*

sects serve other pLtrposes than sustainin.' <hrot^r nrrnlr'J-¿-

tions since more than 50 percent of the voles \À7ere found

to have ingested a certain quantity" Besídes sl"ìre\,rrs urhj-ch

are the main reqular mammalian preilato::s of this ma.teri-aJ-o

voles inqrested inseet rernains in all- of t-he 1970 summer a,ncl

fall- r'¡onths (,luIv, Ar-rgust, Septemberu October) anC in all-

of the sprincl and sunner months of 1971 (Febn:ar:vu t{ar:cho

F,prilu t\{aye .rune; Table 35) , r"\nonq the 3t+1 exam"rrl-es of nre-
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dat'íon on insects p 190 cane frorn stoma.eh ana.1-yses and 151

from gut contents o f-or a total occurrence of 72 perecnt.

Masked shrevrs appearec--l to be the rnain Llsers of this oother

insect0 material, with insect remaÍns in 220 cases; short-

tail shrev¡s followecl v¡ith 79 cases; redback r¡oles ruj-th 33;

meadov¡ voles with B and the meadov¡ jun,ping nouse with 1.

The other-insect rernains occurrecl in BB pereent of the

shrer^¡s an<l it is obvious that thelz sustain their metabolism

only with this category of food ite¡r; the other 12 percent

seemed" to consist mainly of larch sarcfLy ancl larch looper

rnaterial" The percentage of other-insect remaíns ranged

from traces in rodents to 100 percent in many shrews" The

mean percentages of the material reco\zerecl from small ma.m-

mals are listed in Table 38, Inle see that maskecl shrews shol,

in both kinds of analvses (storriach and intestinal) u hígher

percenta-ges r>f remains than short-tail shrer'¡s, I,^lê note also

that the other-insect material in redbaek rzole stornachs

averagre more than twice the anount found in rneado\n¡ voles n

P1ant material v¡as founc-l in 148 ma¡n¡ra]ian sto-

machs among which 1 2 masked and 12 short*taj-l shrews inges-

tecl. respectively 17 anC ll percent-, Ali- rod.ents had eaten

mostl1r pJ-ant material ín the proport.íon shown in Table 35,

In 30 samplesu masked shrews averaged 31 percen.t coinpared

to 5 percent showed in 19 cases frorn short-tail shrev¡s"

This ptant material was classified into 4 l¡road types as

they occurred in stomach and gut contents of shrev¡s" The

monthly picture of plant rernains is shortn in Tabl-e 39 " The
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Table 38. The mean pe::centage of 0otlrer insectB material
recovered f rom the sma'l I rn.ammal stomach ancl
intestinal contents,

T" of tother insecti mat"
SpeaS"es

stomach intestine

S. cinereus

S 
" 
arcticus

B.brevicauda

C " 
gapperi

93(110)1 eo(1oB)

100(1) 100(1)

70 (37) 63(42)

0.7 ( 33)

I'i,pennsvlvanicus 0.3 ( B)

Z 
" 
hucisoniu S i (1)

1 The numbers in parentheses refer to the number of analyses
in whi-ch ¡other insectt remains v.¡ere for:nd"
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analyses showed the ptant ma€eriar to consist mainly of
0soí18 and bark remnants, Greens \^'ere found onl_y in 1

masked and, 5 shoi:t-tail shrew sto¡nachs v¡hile ttre gut a-
nal-yses reveal-ed such remains in only 2 shrer"¡s, As a

whore u 19 masked shrerv stomachs contained some plant ma-

terial- compared to 25 from short-tait shrews" Ã-lthor_rgh

fairly common (31 pereent) u these oecurrence are thoucrht

to be accidentar as they oroÌ:ab].y resulted fro¡n the
shrev¡s digging while searching for food" The table shows

also tha-t maskecl shrert's hacl íngested higher r:ercentages
of esoil' materials in the v¡inter time. This also could
be attributed to diggíng sínce the analyses dicl not shov¡

higher percentages of bark ancL green plant materíal-s as

compared. to the surilmer perj-od,

The anaJ-yses showed also the presence of mis_

cellenous material that consistecl mainly of hair and pie*
ces of a reddish tissue thought to be muscle" This mate-

rial never occurred alone ancl was usually accompanied by

certain amounts of hairy remains" The Dresence of guarcl

hair as such ruas found in 3 shrews u 'r masked a-nd 2 short-
tail shrews, This nright be attribtr.table to the fact that
the animals \^rere kill-ed. recently after a preening period.,
T¡ such cases u the cruantity of hairt¡ r¡aterial. \^ras insi-
gnifícant and coulcl not be considerecl a.s coming from o*

ther animars. There were other instances where a qua,nti-

ty of hair occurred and. occrrpiec'l up to B0 percent of the
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st.omach contents" such cases occurrecl ín winter time

lvith 3 maskecl shrews when their stomach remains rüere

found to eontain 80, 50 and 2 percent- respectively.
srnall- quantities of l'rair 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 ¡-raske<i. shrer,r's "

The presence of quarcl. hair attached to pie-
ces of muscular tissues wa_s founC in 2 short-tail-
shrev¡s trapped in Auqust 1970. The fact that these 2 ani_

mals showed such remains at 79 percent in their stomachs

and 57 in theír intestíne suggested successive uses of
this material- fo:: several meal-s " Inlhether such rnaterial
could have been kii-led by the shrev¡s or simply found-

ilead and reaclily eaten can be arqued. Ãn adul_t male was

found to have sone ::edback vol.e hair in the st-omaclr.

(59 percent) and- intestine (40 percent) Lzhile a seeond-

oner a subad-ult female, \^/a.s cauqht with some deer nouse

hair (100 percent in stomach an(.1 7q percent in intesti-
ne) ' rt is not believed that short-tail shrews are im-

portant predators of other aninals (sma1l mamm.als) since

such material occu.rrecl in only 2 out of 48 tranped ani-
m¡'l c

b. Pupae planting technique

The stornach analyses shov¡ed. that only 15 shrev¡s



and 1 reclback vole ate l.arch J-oorrer: material; this repre-

sented 4 percent of t-he total analr¡sis. They indicated

a-l-so that the larch looner rena.i-ns were eaten mainly r^¡hen

the food item was ne\r?lv available -i.n the Ìrogs u that is, in

.Tr¡1\¡, August, September and October, l4asl<ed shrews \,vere

founcl to Ï:e the main users (9) follol'red Ì:y short.-tail

shrews (6) and 1 redback vole" The fact that ]:oth the sto-

mach and intestinal ccntents of some sh::ews consisted of

l-arch looper reniains suggested a greater j"mr:a-ct of the

shr:ev¡ popuJ-at-ions on larch looper numÏ:ers, The nupae plan-

ting technique was then desiqneC to estirnate this actual

nredat.ion of small rnamrna]-s ancl d.etern"'.i-ne thei_r impact on

larch looper plrpae.

The l.arch looper l-a.rvae ancl nur:ae nopulations

hTere cleter:mined using the methocl deser-ibed ear:l_ier, The

populatíon est-imations of both groups are listecl in Tal:le

31 of the Ãppenclices, General-lv speakj.nqo the larvae Tro-

pul-ations fluctuated from nil- to 901000 per a,cre and fell

v¡ithin the l-imits estal¡lished by the data of the first

section; the pupae nopul-ations ranqed from 500 t.o 501000

per acre" The ma.rp:i..alian popul.at-ions found in the same in-

vest-iqat-ion p-lots al:e enumer:ated, in TaÌ:l-e 32 of the Ä-ppen-

d.i-ces and stan<larclizecl for the Dul:Þose of statistical ana-

l-vsis,

Larch -]-ooner puÞee were nlanted in Äugust 1970

and 1971 and recovered after the preclation peri-od. A t.otal

of 10100 puoa.e were nl-anted in 12 nl-ots usinçr a crradj_ent

of clensiL-tes as shov¡n Ï';y Table 33 r:f the Anpend-ices" The
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tabl-e includes also the recovery rates of nupae at clif-

ferent dens j-t.ies, The reeoverv of puFae perm j-tted an es-

tímation of the t.otal- mortal-ity eNneri-encecl b1z this uncler-

grrolrncl stagei such figur:es are shown in Ta,ble 34 of the

Äppen<lices " As a v¡hol.e, the Lota-l- nortality ranged f ron

56 to 97 percent of the 0nl-antecl0 puTrae, Ba,sed on such

estj.nations, a total number of pupae rlestrcyecl per acre

can be established; the numk¡er of pupae thus rlestroyed

ranged f rom 440 to 44 p000 per aere (TaLrIe 40) . li'igure 11

offe::s another view of the number of r;upae destroyed, at

clif ferent densities, tr'üe note the stronq correlation e><-

i-stinq betrueen trvo r¡ariablesp âS the rel.ationshj-p hol-cl.s

true fo:: ponulations r:anqing frorn 500 to 501000 per acre"

The r¡artial mortal-it1' carrserJ br¿ small. marnmals

r¡râs c'leterm.ined by subtracting th,e preclation caused hy o-

the:: nredatory speeies from the total p¡:e,Cat-i-on" ês des*

criheC in a.nother section (see t'lethods), th.is mortality

caused by other kil.linq agents r^ras estimatecl by usi.no

s smal-l- mammal--f ree cages 0 in rvhích 20 ÞuÞae hac-1. L,een plan-

tecl artificia.lly, The partial mor:ta1j-tv fror, small m"arnma.ls

and the number of pupae thus destroyed are shown in Tabl-e

40, Trüe note that the mamrnalian species destroyed from 1

to 89 percent of the a.vailable punae nopul-ati-ons, v,'hj-le

the total rnortality accounted for as r¡uch as 97 percent

of their nunbers o Iir'e see also that there exists a strong

relationship betr^¡een the pupae destroyed Ìry smal l. mammals

anrl the popul-atíons of -l-arch loolrer: r:lltrae (f j.qure 12) i the
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triqure 12 
"

Relationship betv¡een the nunù:er

troyed by sma11 rlarmals and the
of l-arch looper pupâe.

of pupae des-

ponulations
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relationshin hol-ds true for popul,ations rancfinq from 500

to 501000 purrae per acre.

The l-atter relationships sugqest a numerical

response ]:etween small- rn,ammals and punal- populations, In
factu the sma.l-l mammal ponul-ations of- 12 ol-ots show a r)op

sitive and direct numerical response to densities of larch

l-oor:er pupae¿ âs the relationship hol-ds true at. the 99

per:eenL level (Figure 13a). Analysed inclividually0 none

of the small ¡nammal species shovrecL such a response but

when numbers of mas]<ecl shrer,vs anrl reclbaek voles were lum*

r¡ecl t-ogetheru they shovred a positive response to larch

-l-oor¡er nullae (Figure l3]:) ¡ the fi<rure sugoests hov¡ever

these two parameters to fluctuate in a locrarithmic pat-

tern "

ldumerical resnonses of smal_l m.amm.a1s to densi-

ties of destrovecl pupae per acre \,\7ere al-so calculated.

Sm-al-l- mammal populations as a rl¡hole showecl a positj_ve di-
rect response to numbers of destroyed larch J-ooper pupae

per acre (Figure l lta) ; the relationship helci true for den-

sities of deacl pupae that fluctuated Tretr,¡een 440 and 281000

per acre. Maskecl and short-tail shrews clicl not shovr any

statistically signif icant responses F v¡hil-e redback voles

regiistered one (Figure 14b) , The rela.tionship can be in-
ternretecl either: as a. posi-tive and c1j-rect one or as a Þo*

sit.ive ï-ogarj-thm.ic one¡ hor..reveru the latter relationsh-irr

$¡as found to fj-t the data- betterø âs j-t shor*ed to be sta-

tist-ì-ca111' sígnificant at the 99 Ì:ercent l-evei- compar:ecl
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Figr-rre 13 a" The num.er-ical response of sna-r_l nrarnmal po-

pulations to densities of rarch looÞer nu-
pae 

"

b " The nunrerical response of rlaskecl shrei,s and

reclback vole populatj-ons to densities of
larch looper pupae"
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Figure 14 au The nu¡nerical resÞonse of sn:Lal I manrnal po-

grulations to densities of larch looper nu-

pae dest.royecl- r:er acre,

The numerical response of reclba.ck voles to

densities of larch looper pupae dest::oyerl

per acre.

TJ:e nunrerical response of masl<ecl. shrer,¿ and

redback vole populations to densities of

larch looper pupae destrolzecl per acre.
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to 95 percent for the former oneu The comÌ--''íned popula-

tions of Ìroth the maskeC shrer..'s and- redl:ack voles were

found to fluctuat.e clirectly with the nurnbers of dead

l-arch loope:: pupae (Ficlure 14c) ¡ this relationship alsr:

exi st-s in two forn:rs as the data f itted bot.h a 1inear

anC a l.oga::ithnic curve 
"

?he imrract of srnall. mammals on larch looper

puÞae can be shorvn also by the existence of a functio-
nâI. response, The nurnÌ:er of dead Dunae destroverl per

animal- is shor,vn to var:y nropor:tionately r^rj-th the clenså-

tl' of Þupae per acre (niçrure i5a); the relationship hel-<l

true at the 99 percent ievel. Since the nunbers of tire

rnamrnal-ian populations of the Þlanitoba bogs consist of

tv¡o J-arcle ctroups, the shrer.¡s anrl voles u a functional- res*

ponse for each group was teste<i." The resul-ts of such re-
l-ationships are nlotted in l¡igure 15b and 15c" The func-

tional- response of shrervs can }:e interpreteC in two rvavs

as the l-inear fit revealed to l:,e si-gnùficant at the 94

percent level compared to 99 percent level for the l-ocra-

rithnic or1e. The functional. response of vol-e ponulat-ions

variecl proportionally to l-arch loc'per pupae; the corre-

l-ation held true at the 99 percent level-.

As shor^¡n by Table 32 of the /t"ppend-ices u the

shrer,v popul-ations cons j st of tv¡o speei-es, the masked and

short-tail shrev¡s u rvhile that of rod,ents is forrned main-

ly by redback voles " Specif ic f unctiona-l- resrronses were
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Figure 15 a"

h,

The funct'iona_l_ resnonse o-f- snraII nannal r¡o_n'lar1ions t-o ciensit i.es ef la::ch .Looner .,.,r.n" .

The funetì ena.-.l.. response ef shrev¡s to Ccnsi*ties nf I arcl-r l-oonci: FuÞa"e 
"

The frrncti-cnal l:esnonse of roclents to densi_ties of la.rch Joopei: nuÌ-ìae"

The funct,iona.l- l:esÐonse of ¡¡asl.,erl shrev¡s torl-ens-ities of la-rch l_ooner nunae,

The functional- response of i:ec.lbaclr_ r¡ol_es todensiti-es of larch l-ooner nltnae"

The functional_ resnonse cf nraskeC shrer.¡ an"Creclback vole nopulations to cl.ensitj_es cflarch looper puDae.
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then ca'lcula"teci for the above nentioneC snall r¡arlral no-

puJ.atìons" Ilasked shr:erçs shor.¡ed a fr:nct-i-onal lresnonse to

nunhe::s cf l arch l-ooner nupae (T'j crul:e 15d) ; the i:el-ation-

ship fitteci J:etter a loqari t-hrr.ic clirve v,'here j-t- nrovcd to

be statisticalllz siqnif ícant at t-he 99 nereent I eve-l. The

rlesnonse of shcrt-tai-J- shrev;s va¡:j-ec] loqaritl-r¡¡j ç¿'1 11r r.r-i th

the nunl:ers of larch Jooper Ðuþae, e,s t-he ::ela1--ionsh!.p

r,/âs foun<] to ]:e st.atis+-ically si-qnifi-eant- at the 95 Det:-

cen-u lerzel " Peclback voles al-so shor¿ed- e r:esnonse to I arch

l-oc'ner ni.r¡rbers (Fiqure 15e); the c'Lat-a fitteci hoth a

st::aiqtrt line and e l-oqari-t]"mjc clrrî\¡eo hot-h bcina statis-

tical-l"¡ sìqnif icant at the 99 nercent- ler.rel-. The con-

bj-necl ponulations of maskecl shr:ev¡s anC ::eciba-eJi t¡oles

shorrted thei:: ltesnonse to l.arch loone:: nttnae t-o he st.:Lis*

t.ical-J-y siqnificant at the 99 r;ercent level (pj<'ure 15f ) ;

we note t-hat the cornl;ined effect- of Ì¡oth nror¡ed t-o varv

like a ilens-ity-clenendent pattern.

l,lthouqh shrer,i and rocì.ent populat-ions shoved

numerical and f unctional resoonses to 1a::ch l-ooner r)unae '
their imnaet on the insect nonulati-ons is bel.i-evec,ì to Jre

a constant r,rort-aJity fa-ctor: havincr no ::eal effect (no kev-

f actoi: type of role) r:n the l-arch looper f lrrctr:ations 
"

This j s suqqestecl irv the fact t-hat the pe:rcen-taqe of nre-

dati-on of the most insecti'¿orous snecies, the ¡rasl<ed an.ri

short-taj--l- shrer+su is inr-terselv Þ::c'nortj-onal te the-ir nre-

sence in t-he snal-l- rna-mma'l fa-una- (¡i-oure 16a)" The same i-s

t-::ue concer:ninct t.he ntrr¡,ber of nunae destro-r¡ec,1 per acre (Fi-



Figure 16 a.ø
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Relationship beLv¡een the percentage of pre-

clation of larch looper pupae and the percen-

tage of shrervs in the small mamr',alian fanna,

Relationsìrip ]:etrveen the numJ:er of larch 1oo-

per pupae destrol¡ec:r pêJî acre ancl the percen-

tage of. shrews in the small namnalian fauna"

h
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Conclusions

Small- r:rarnma-1 populations are undott]:tedly very

important in the dynaro.ics of }arch 1-oopers " This is shot^/n

by both the stat-istical and. actr-ral- fiel.d da-ta analyses"

l\nothe:: j-mportant conclusion from the st.ucSy j-s that small

namrnal populations st-roncfly incii cat-ed density-denendent

relationships to numkrers of larch loope:: pupae available

ancl to nunbers of destroyed punae per aere. This is es-

necial-J-12 true in the compari son of numerica.l anC functio-

naj resÞonses of small mar.rmal.s to densities of larch looper

Dupae of the statistical ancL field data anaJ-yses"

General-1-12 speakingo the sta-tistica-l- apÞroach u-

sing data gathered by the Larch Sar+fl1' Tear¡. since 1962 on

one handu and ponula-tion estimations based on such data

on the otherr giave the fol-lov¡incr trend's' Pedback vole and

r.¡-aske<l shrer¡¡ populations showecl sLrono statistically si-

gnificant relationships to numÌ:ers and percentages ojl dead

larch looper pupae per a.cre" This is tru,e for such rela-

tionshins usinçf redback vole numhers of Fenníe, -eed"clon¡s

Cornero Pine Falls ancl Darv¡in plots" The rLensity denen-

dence rr'as specially strong when numbers of dead 'l arch loo-

per nupae \^7ere used." The same j-S trUe for masked Shfev¡ po-

rrulaticlns as theV shorored. a stronq correl.at-ion vrith the nu.m-

bers of cleacl larch looper pupae per acre of TeJ-f ord o Pine

Fal.l-s and Darwin nl-ots" Furthermoreu ma-sked shrews indica-

ted. inverse ciensitlz-der:endent relationships tn numbers of

dead green larch looner nupae of Telford plot and to the
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percentage of cleaC gl:een larch looner ponul-ations of Iìi-

verton,

The l4orri.s key-factor anal-Ysis srrggested the

ir'rnortance of the punal stage in the Clznamics of l-arch

loopers. The fact that the anal-ysis using the logaríthr,t

of su¡zival- of ptlpae (loq S) insteacl cf t-he Joga.::i.th¡n of

the Þrer¡ious generation (J-oc hn) im.proved s-iqnificantly

t.he nr:ed-ictabil-ity of future loor:er nonulations in all

but Òne pi-ot., stressed the irnportance of this und.er-

q¡:orrncl st.aqe, The a.nal-5r5ls douhled the preclíctability of

S. sexmacul-ata- populations of Fennie ancJ Darr¡Í-n olots o

anti that of -ç.""gy/gnå nur¡.bers of Telford pl.ott i-t niore than

trípl-ed al,so that of S.EjgTtgl¿ê ponul-atj.ons of Ser-ldonss

Corner ancl Ri-verton nlots,

The importance of the nur¡al staqe rnras emphasi-

zeð. further v¡hen smaII manr.mal populatj-ons shor.¡e<-1 posítive

density-denendent relationsh-ips to the actu¿l. nurnhers of

clead pupae per acre. Indiviclual mammalian species confir-

med the general tendenclz as they ea^ch showed such rela-

tionships in all but Telford ancl Pine Falls nl-otsu where

nUmbers of short-tail and maskecl- shrev¡s 1¡/êÍ€ rel-ated ne-

gatively to the ç'reen and hrot"¡n clead l-arch looÞer puÐaeô

The maskecl shrev¡ populations reqisterecl a neq'ati-ve and

i-ogari-thmic numerica.l resÞonse (]oq transfor:mation of pu-

pae 3 log X) to clead larch looper pupae of Tel-f or<L ¿nd Sed-

ilonís Corner, rvhÍle they showed also a nositíve and di-

rect response to the pupae of Da.r\,\,'in plot" Sh.ort-taj-l-

shrews ollfer:red also a negative nattern of response to
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deacl l ooper pupãe r â,s shrew numbers are f ound to va::v 1o-

garith.rnica-l-J-12 (1-og tr:ansforr'ratj-on of shrev¿ numbers: l-og Y)

vrith those of the pupae of F'ennie, Sed<.1on I s Corner: and pi-

ne Fal-ls plots. Furthermore, short--taj I shrerors shor^¡ec1 a

positir¡e and l.ogarithmic resnonse (loq-l-ocr tra,nsfc'rmat--ion)

to nr:,rnber:s of deacl qr:een larch looper of Telforcl" The nu-

merical resÞonse of arctic shrev.'s rnrâs founcl to Ì:e negative

and l-clqa"rit-h¡nic (loq transforma.tj-on of DuÞae: loq X) v:ith

the nu¡rh,e::s of deacl pulrae of Telford; thev reqistered also

a Þositive and direct one v,rith those of Dar:rri,n nlot" Red-

hacl< vole ponulations responCed positivellz and direetl-rz to

tl"re numbers of clead green ancl brown J,arch Ìooper Ðupae of

Rennie and Secldonos Corneru vrhile thev showed a neqa-tive

and J-ogarithmic one (1og transforrnation of puÞae: l-oçl X)

r^:ith the num.bers of C.ead brown larch l-ooper pupae oll Tel-

ford,

The l-ife tahl-e analvsis revealed also a functio-

nal response to exist betrr¡een small mammals and larch l-oo-

per pupas populations, Thi-s response v/as found to va-ry in

a clensity-denendent rnanner rvith the Censities of larch loo-

Þer pupae. l'lasked shrervs shovred- a nositive relationshin to

the larch loone:: Censiti-es of Rennie anC Telford p]otsp

v¡hil.e recl]¡ack voles registered a sinila:: one i-n Secldon's

Corner" The corc'bined nopulations of the tr,¡o mammal-ian spe-

ci.es citecl above exnressed a di-rect frrnctiona-l- l:esponse in

Píne Falls rrlot u vihereâs each incl.j rzidual specíes rva-s not
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incl-icating an\¡ response to densities of the l-arch loor:ers"

The fie1cl d"ata analysis using the tnuÌ:'ae plan-

t j-nq technique õ conf irr¡.ed almost all the nopul..ation pat-

terns as shown above. Tt was founcl that the number of rlu-

Tlae destroyecl per acre \^ras a direct function of the popu-

l-ation of pupae per acre" Sj-m.j-1a.r1vu t-he number of punae

destrolreci by small narnma-ls nr:ovecl to ]¡e also nositiveJ-y

densit-y-clependent on the numbers of ar¡ailabl-e r'urra-e pel:

acne, Consequentl-y, numerical- and funetional responses tJe-

re expected" Ã.s a whc¡leo the srnal.l manìnal ponul-atj-ons re-

qisterecl posj-tive ancl dj-rect nu.¡reri.cal responses to both

the a.vail-ahle lar:ch looner Dunae pel: a"ere and to the num-

ber of rrupae clestroyed per act:e. Redback voles record.ed a

rrositive and. J-cgarithmi.c resrronse (1-oq transfor:mation of

nuÞae: l-og )i) to the numbers of l.arctr loogrer punae des-

t::oved per acre, The contbineC no¡:¡tr¿f -i6¡s of rnaskecl shrews

ancl reclback voles indicated also a positive and 1oga.:r-ithmj-c

res'¡lonse (l-oq transforn.ation of Trunae: l.oq X) to e:<ist- with

both the dens j-ties of larch I oor:er nupae and, Èhose of des-

trolrecl la¡:ch looper pupae pelî acre. r¡le note that such res-

Þonses f itt.ecl as well to a stra.ight-lj-ne mocleJ-, althoucth

the l-ogar:-i-thrnic fit tended to t¡e statj-stically signi fica,nt

to a ).rJ-qher d.esr:ee.

The fr"rnct-i-onal response of smal-I mar.r'mals to d.en-

sit-ies of l.arch looper puFae v¡ere found to Ì-re of the sa.rne

posit-i-rre Þatterns as those of the statistj-ca1 analvses, The

functional responses of inc'lividual ntammal-ia-n species fj-ttecl

statisticall-y to the sa-me straj.qht-l.ine nodel-s as those
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1v in one redhack- r¡ole stom.ach, Since the same rnarm.al-ia-n

nopulations are also i¡nnortant nre<la,to::s of 'larch sar,vflies

and nossil:J-y for other har¡rful- j-nsect sÞeci-eso the arnount

of ingestecl l ai:ch looÞer ¡raterial. l¡ecomes \¡erv innortant
j-n the inteçJrateci. control of such sr:ecies" Thj.s is special-

llt true t^'hen the predation of those harnful speci-es is at

-it.s nlaximunrr that is to sâ12 in the Jate summer and fall

months " This fact v¡as stressed in Pigure 3 of the lnpendi-

ces for three sam.pling nlots of the T,arch Sar',rffv Tea¡r, ruhe-

re the nu.mbers of clead- larch looper puÞae vrere inversely

relateC to those of sav,'fh¡ cocoonf;; the fiqu::e expressed

this relaríonship to be linkecl b',2 the fo::mul-a
hY - a X" (Y = larch looÌrer pìlÞae ? X. = I arch sav,zf ly co-

coons) "

Furthermore, the calorj-m.etric e>:Þerir¡ent.s per-

formed. on larch looper puÞae shor^red that one c{rarn of Þupae

lrielcled, ahout 4.5 ti-mes the calori-fic va"lue of- one qram of

sar+f 'l1z s6¡*7mph. Exrrressed different-l-y, for: each 27 l-arcl-r

l-ooper pupae ingesteCo there are (5B Isnareil.I savrf ly cocoonse

The 0 planting u technique inCica.ted rra::t-icuJ-ar11' rnanl¡ mam.rira-

lian numerical responses to deacl I a::ch loone:: pupae for

densit-ies (composed of c].ead nurnbe::s of nuna.e pe:: aer:e) llluc-

tuating fron 400 to 281000 r:ur:lae per acre" ßased on thi-s,

the nurnJ:er of tspareds sawf l-r¡ cocoons fl-rrctuate bet-v¡een 160

and 11,100 cococns per acre. Givi-nq Lo each sav'f }y fem.ale

a reproductive eapacitJ¡ of 60 egcTs u those sparecl cocoons a-

l-one coulC rebuil-d a popula-tion at an enicle¡rj-c ler¡el by

snr:eadíng in tam.a.rack l:ogs from 9r600 to 666r000 eçIçfs per
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acre" On the other hanilu these 400 to 28a00O nupae cl.esç

troyed by small- rranmals offer a tremendot,ls sunpl'¡ of ca-

lories spread in small a-rnounLs in the tanara-ck boç1s, Be-

car-lse larch loopers are usually referred to as ! soli ta-

ry clefoliaÈors' anrl because each incliviC,ual- punae re'pre-

senLs a high source of energ\¡ r one can sr¡ecula.te aÏrout

their imnorLance as natural caches which are aluza]¡s Þre-

sent anc,l avaílab1e in the Ì:oqs at times of food scarcity.

The importance of larch looper pr-lnae in t-he

cl,iet of small rnammal-s is ernphasizecl l-.y consic-ì.ering their

períocl of appearance in the boos " The stornach ana.Ir,¡ses

sJrov¡ed that both the I arch looner and 'l a-rch sa.v¡f 1r/ mate=

rials \¡r€rê ingestecl readily as soon as tÌ-rey form.ed a neÌ.¡-

l-)r a¡¡aj-lab1e foocl item in tarnarack boc¡s. Consjderinq that

tlre sawfly nrateria.l is nresent in ta¡raraek sta-ncìs (as a

ner.¡ food item-) fron June to late August, and knor.¡incr that

the larch looper material appears in Jul¡¡ to la.st until.

l-ate october and pr:oÌ;ab1-y m-id Novernher, the imnact of the

latter food item. on small marnrp,al populati-ons is certai-nly

im"nortant" Despíte the irnnossí]ríli.ty of hnor¿incr the real

ef fect of larch looper puÞae on inili-r¡idua.l- small rr,amrrals o

j-t. is r:ossible to sneculate on the imnortance of this late

occurrinq foocl iten on the cleterm.ina.tion of future smal-l-

ma.mr'ra1 por;ulations " To r^¡hat extent th.j s f ood i tem is imnor-

tant for the small rnamrnalian falI ancl v¡inèer survival. is

nroba]:lv imp'ossible to determine" Eut it. ren.'"ains that this
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d,estruetj-on of 400 to 28 u000 ÞLlna,e lîer acr:e j s aeeo¡nn-l-ish.ed

v¡ithin 3 nont-hs oll the fal-l sea-son. Ä*c Ta,bl,e 19 sh.or.rs, this

destrrrction coulci serve un-iouely to sustain the ne"abol-i.c

reguirer,,rents for any one indivj-ciual smal-l- rnam"rna.'! for this

enLi::e 90-dav neriod.. AlternaL_i-velr', this clestructj-on conlcl

as r¿e-l-l feed one inCivjcl,ual of each snall mamrnal- sneeies up

to a nerioil of ?-0 davs, aniì r¡ery li-kelv fo:: a l.onqer neri.ocl

since not all nr.amrnalian soeci.es urere founC v¡ith l-arch 'loo-

ner remains in their diqestj-ve srzstem. Furt-hernore, this

larch looper r¡aterial cannot he c;ual-ifieC as a reqular foocl

item sucl-r as sar^¡f l-ies (even v¡hen this materj al j s availa-

l,.-l-e) hecause cf the very lov: percentaqe anC oeeurrence of

l-ootrers i-n sna-l I marrur.al stomach and intesti naI ana-]-r/ses "

This stresses tlre fact that. srnall rranma.ls v¡oulC act a.s in-

dj-vid"ual-s ra.ther than nopu. l.etions, \{here sone srna1l manr¡a. 1s

of sonr-e species v¡ould pl:ev on this foocl itern for a certain

neriod.

The j-mportance of loopers as a d.ietar.¡ souree is

a-l-so shorvn lry the fact that female shr:e\^rs anC reCba-ck voles

expressed a tenCency in their preferences t-o choose la.rch

1-ooper nrtÐae over sa-t^¡f1y eoeoons, trlhet-her or no1: thj.s is l:e-

lated t.o the energetic rec¡ui.re¡nents of f emal es v¡he n givinq

trj-rth and nursi.no young, l-ate in the surtrûel: or earl.lz i.n th.e

spring j-s mere11' snectrlat.i-ve, The stonaeh anal.lzses jnclicated

that l.arcll looner remains oecurreci indi-scri-ni-natelv i,n l:oth

SEXES 
"
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Figure 1 
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Field data
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concerning the

insect species

collections of larvae

clf tarr.',arack bogs,
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Figure 2" The analysis of the total mortality of the

gror,rncl-inhabiting stages of the rnai n tamarack

clef oliat.ors of l4anitoba bogs.
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Figure 3, Relatj-onships between the larch looper and the

l-arch savrfly grouncl,-inhabiting stages as shotvn

by the nurnber of Ceacl individuals "
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Figure 4 " The small flâIIuiLâl populations of I'lanitoba bogs "
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Figure 5" Larch looper populations in generation n+1 in

relation to populations in generatìon n¡ with

l:oth expressed as common loga-rithms.
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Table 13" Snall- mannral- popul-atjons Fer acre
¡ Ãrnnual F.eport of Forest Research
T,arcl'ì Sav¡flr¡ Pcpulati-on Dlrnan:ics

a, C'lel--h::iononys gapner-i lorj-nqi.

(after the
Technicians r

1962-700 ") ,

Plot i 963 196q 19 6,5 1966 1967 1968 1969

Rennie

Telf o::d

Sedclon ¡ s
Corne::

Pi ne Fall.s

F-ì verton

Ila::v¡in

lloclgson

1.38 10,5

0.11 1"81

0"19 9"tll¡

3,0 8 10 "7

0"09 5"14

8, 51

n nq

2"87 5.53

0.09 1 " 10

0,21 3"19

F -lr a 
^a3" l+ ocL,Q

0,00 0.21

1 .28 2 "39

3"19 1.70

1.06 0"21

0.00 0.09

2"98 5"32

ñ )1

0.43

0.00

6 " 3B

5,00

0"64

f " /rl

¿t. 3(î

b. Peronr.yscus manicula-tus t'rairdi-i '

Plot. 19 63 1964 1965 19 66 1967 1968 1969

Renn-i-e

Tel-f orcl

Sedclon o s
Corner

Pine Fa-1-1s

Biverton

Darv¡in

ilod-gson

0.00 0"25 0.00

0.00 0.00 0,00

0.00 0,00 0.00

0.00 0"00

0,00 0"17

0.00 0.00

0.00 0.08

0,00 0 .00

0"00 0,00

0.00 0,00

0,00 0"33

û"00 0"08

rì ??

0.00

0 " 74

0.00

1 ,49

0"00 0"17

0.00 0 
" 
00

0.00 0.66

0"00

0"0c)

0 
" 
00

0,00
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Table 13" Continued.

c " l'1ic::otus pennsylvanicus.

P lot 1963 196t) 1965 1966 1967 i968 1969

Rennie

Telford

SedcLon t s
Corner

Pine Fal-1s

F.iverton

Darv¡in

I{odgson

0,00 0,95

^ 1r ^ 1r
V ø ¿J a. È JJ

0.11 0.20

0,00 0,00 0"59

0"35 0.00 0"47

0 .00 0 .00 1 ,33

0"12 0"00

2"00 0"00

0, 10 0 .00

0"0c 0"00

2.00 0 " 00

0"00 0"12

0.00

0 
" 
00

0"12 0.00 0"00

0"00 0"00 0.10

0.94 0"12 0"12

0.00

0 " 00

1"76

v è z.t

d " Sorex cinereus cinereus.

Pl-ot 1963 1964 1965 1966 1967 1968 1969

Rennie

Tel-f orcl

Seticlon ! s
Corner

Pine Falls

fìive::ton

Darv¡in

lloclgson

0. B0

0.64

0"58

0. B0 0,48

1"71 0.14

0 "72

1,28 4"56

0.80 1"68

0.07 0"00

6"80 1"04

1 " 36 0,16

1,57 0"00

1 "36 1 "52

0"96 0"56

4 4a 
^ 

L|| " tû u"Jrt

0 " 56 1,28

1"28 0,48

0"00 0.88

1"60 1,04

1,03 2"74

0 " BB 6 "32

rJo to

0 "27
rì .)ll

0 
" 
00
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Table 13" Continued"

€. Sorex arcticus"

Pl-ot 1963 1964 1 965 1966 1967 1968 1969

Rennie

Telford

Seddon u s
Corner

Píne Falls

F.iverton

Daru'ín

I{odgson

0"00 0.31

0.00 0"00

0"00 0,00

0"16

0.08

0 " 00

0,00 0.00

0 " 13 0 " 40

0"39 1.41

1.33 0.31

0.31 0.00

0"27 0.00

0,08 0"00

0.08 0"00

0,00 0.00

0.00 0"00

0"08 0"08

0.00 0"00

0.00

0"20

0"00

0.00

a.23

0"00

rì l1

0 .00

0 ,0c)

f " Bla.ri na brevicaucla manitobensis 
"

Plot 1963 i964 1965 19 66 1967 1968 1969

Renn.i-e

Telford

Sed.don o s
Corner

Pine Fal-Is

Ríverton

Danvin

I-lodgson

0"00 0,00

0.00 0.00

0"00 0"08

0.45 0.36

0.00 0.00

0,00 0"23

0.00 0.18

0,00 0.08

0"00 0.36

0"27 0"54 1"71

0.09 0"09 0.54

0"08 0.86 0.55

v@¿l

0,00

0.09

0.00

0.19

^ 
1"1

0,00

0"00

0"00

0.99 1.44

0.27 0.45

0.00 0"18
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Table 1 5, Food preferences
cèlle.€ggs ) betv¡een
and healthy larch

shol^¡ed. by masked shrer.¡s (Sorex
healthy larcJr looner nupãõ--
sav¡f 'l y cocoons 

"

À,nima1 charaeteristics Foocì prcferences

larch looper pupae larch sawfJ_y cocoonage SEX

1)

r,fl

m

t|l

:

L

f
f
a,
n
m
f
rt
f
m.

IN

f
f.

;
f
tn
m

Ir.l

¿\
¡r)
L\

,11

t:\

¡1

n

T

'\
¡̂1

^l\
!'\

¡
l\
l'\

^
nf1
n

¡
.1\

^
^
n

3lJÍ?ur.;gl)* 136(43-e3)
/ (o ;J ) 32(20_12)
\2 \1çl''- 1 1-6- 1Q:6 **) 40 ( 1B_e_3_B_2 )

ll I9";-?-4-3-2*+) e6(0-26-G4-s-1)
?3 (?ç'-ã ?-12) z4 (o- 24-o)o(o^'':g**) u(z-z\7?(3s*ï;24-13**) loa triô-4s-e)
18Lt (26*u-141t-l4'F*) t06 (2 4_67_15)
35 ( 1 Bo1:r z*1) 4s (14_3s)
319 ( z.guo'r-48**- 17Lt-68*+) 366 (59_4 o_176_9
69 (28-34-7*) 31 (Z,g_ 1_1)
51 (20**-23-B**) 61 (ZS-Z1-7)
142(50**.-60-32**) 135(68--46_21)
BI+ (3{{<rr-50**) o (0_0 )
0 (0t*-0-0*'r) 0 (0-0-0)
1B (3**-4-11,¡¡t) 107 (2q-53-30)
1 ( 1'r*-0-0r¡*) 4 (3-0-1)
45 (7)F+-?,9- 19**) : (3-0-0)
J.--¡ 10
Q*{: q

9: (:3+*-43-17**)
17 (15**-2-0*+)
148 (0Y¡t-80-68**)
10(4:t*-5-1**)
5Z (20*+- 32**)

29 (O-29-o)
52 (29-22-1)
1 26 (0-71-56)
22(2-6-14)
43(25-18)

A-acl-ult
n-ma1e
f-female

l\luml:ers ín parentheses
visits.
Vísits currul_atecl over

refer to the daillr nur.lber of
a half-day oeriod,
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Table 16. Food Þreferences shov;ed by ot-her shrer,¡ species
bett¿een healthy l-arch looper pupae and healthy
larch sawflv cocoÞns "

AnimaI cha::acte::istics

specr-es

Food preferences

age sex larch 1 ooper pupae larch savrfly cocoon

S. arcticus

l'!. hoyi

A
¡

t!

Ä

A

^
B 

" 
l¡revicaud.a ¡_\

n

A

^

14(6**-3-1-l-1*rr¡
19 (5**-12-2**)

f / n-'f

6 3 ( 0**- 1 -35-26- 1 *',r)
72(t+{*rr-10-18**)
20 (16*t-2-2{:{')
1 ( t **-0-0*i.)

45 ( 12'r¡t-14-6-7-6*t) 20
15(g*!r_2_2_2_0**) 90
65 (4**-3-1 4-1 **-22-21*+

3E (9 -7-5-12-5)
51 (20-30-1)

23
o,{ 0-0-o-o-o )
1 62 (7 3-61 -2e)
103(34-31-38)
1 2 (o-5-7)

f.
m

m
n
n
f,
rn

ln
r
Ir.'1.

79 (6x':;- 1 0- 1 1 - 19 -25- B':. * ) B7 (o-7- 1 5- 1 9-
40-6)

(o-s-1 1-4-0)
(41-31-B-6-4)
) s3 (3-1 1-1 B-4-

1 5-2)
g B (1!*d.-26-9 **-27*15-6'F*) 87 (12- 1 3-5-

24-27-6)

A-adult
m-nal-e
f-female

* Numbers in parentheses
** Visits cumul-ateil. over a

refer to the c1aily
half -da1r pe::i od,

nusùrer of vi-sits.
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Table 1'7 " Food preferences of 24 redback
healthv larch l-ooper Pupae and
sav¡f lr,t cocoons "

voles betv¡een
healthlz larch

Animal characteristics Foocl preferences

age sex weight(g) larch looper pupae la.::ch satzfh¡ cocoon

Sa
Sa

_É\

A
¿!

Sa
Sa

n

4

õ.

Sa

A
l'\

Sa
Sa
Sa
Sa
Sa
Sa

F.

Sa

m
m
tit
m
f
f
f-
f
m.

m

m
n
m
m
f
f
m
.1.

i
f
f
rn

f
f

19 "2
1B "2
21 "7
20 "5
22 "3
19"1
19"1
alt o

23 "6
22 "0
22,3
'1 C O

30"0
21 "7
24 "1
19.1
19 .2

118(2s*69-14-B-2)*
237 (1Q2-64-39-20-12)
12(6-4-2-0-0)
14(13-o-o-1"0)
24 (2-0*3-1 1-B)
1 25 ( 31-34-16-18-26)
5B(14-13-19-11-1)
182(58-39-27*t14-14)
56(4-26-11-15)
1 5 (0-5-5-5)
e (2- 1-0-6)
1 (ñ-1-n-ôì
0
2 (0-1-0-1 )

6s ( 1 6-38-B-3)
126(56-41-20-9)
51 (22-29)
39
34(B-26)
73 (26-32-7*B)
68Q9-25-14*0)
29 (6- 1 3-B-2)
40 ( B-27-3-2)
7s(34-2e*11-1)

227 (129-64-23-tt-1)
9 (5-1-C-3-0)
126(44-3s-15-18-14)
7t (23-25- 1 3- 8- 1 )

128 (23-36*25-37-7)
1 3B (57-47-17-17)
10 (0-2-7-1)
4 (o- 1*2-1)
0
6 (s-1-0-0)

26- 1 29-1 2-4- 1 )

120-82-15-14-15)
2-5-2-1-2)

19-24*20- 1 2)
1 2-7 3- 6-8)
7-2-2-1)
23-1s)

4s-173)
4 B-6 5-21-4)
2-1 4- 1 B-o )

1 9-3 3^7-6)
3- 1 6-0-0 )

1 0- 1 0-9-0 )

1'71
2LI6
')) (

99
12
3B

lt ll5f

65
19
29

1B
218
138

ç, (\

l6z

4,4
6,9

21 "1,f ô 1t) ø I
23 "7

* The numbers
visits.

Sa-subadult
À-aclul-t
m-male
f-female

i n parentheses refer to the daily number of
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Tabl-e 18. Foocl preferences of 24 redback
healthlz larch looper pupae and
larch Sawf Ir/ cocoons.

r¡oles betv,'een
parâs iti zed

Ânimal cha::acteristics Food preferences

age sex weight(g) larch looper pupae larch sawfly cocoon

Sam
Sam
AM
AM
1\ l:

Saf
Saf
.1ì, r
Am
AM
Arl

Ge m

Än
Ã,m
1ç

Sa f.
Sa f-
Sa f-
AÍì

Saf

Sa n:t

Saf
Saf

19 "2
1B "2
21 "7
20 ,5
¿¿ " J1g.i
19 "1
24"8
23 "6)) n
)) ?
'l( o
?ôn
¿t.t
.\ lt ,l
L+ ø |

19"1
14"4
16 "9
21 "1
19 "723.7

oo
Rq
8.4

46(3-11-19-13)*
s7(15-20-20"2)
10(o-B-1-1)
21 (3-2-9-7)
21 (3-7-tt-1\
1 31 (43-3e-45-4)
22 (2- 1 0-7- 3 )
32(7-1 1-11-3)
196 (60-56-46-34)
69 (22-35* 1 1-1 )

1 1 (9-1-1-0)
111 (103-8-0-0)
7(4-0-2*1)
102(30-15-50-7)
249 (40-9 3-40-76 )

B (7-1-0-0)
21 (0-15-4*2)
1 B ( 1-B-4-s)
36 ( 4-22-3-7)
0
1B(5-5-6"2)
1 26 ( B6-40 )
3(0-1-1-1)
9B(19-23-32-241

66 (4-24-16-22)
s3 ( 7* 19-22-5)
2 (0- 1- 1-0 )

21 (2- 1 9-0-0 )

B ( 3-2-2-1)
7 B (9-2¿r- 36-9 )
17 (2- 4-9- 1 )

90 ( 1 4-25-39-12)
104(53-?-LL-25-12.)
s0(36-9-4-1)
B (5-3-0-0)
6 (6-0-o-o)
2(1-0*1-0)
40(13-17*9-1J
22.0 ( 39-65-55-61 )

1 30 (40-62-22*6)
19 (2-7- 1 o-o )

4 (0-0-4"0)
B4(10-39-14-21)
ll

35 (6*12-12-5)
120 (sB-62)
13(1-1-2.-9',)
15(s-s-4-1)

+ The nunbers
visits.

Sa-subadult
A-a<l.ult
rn-male
f-female

in parentheses refer to the daiLy nurrber of
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Tabl-e 19, Food preferences of 23 reCback
healthy 'l arch looper pupae and
tion of larch savrfly cocoons "

voles l:etÍ.¡een
a concentra-

Animal characteristics Foocl. nreferences

age sex v¡eight (g) 'larch Jooper pupae larch sawflv cocoon

Sa
Sa

¡1,.

ñ

Sa
Sa
ð
n

,f-\

1\

Sa
J1

Sa
Sa
Q¡

Sa
E

Sa
Sa

I.rl

m
m
n
m
f
f
I
m
m

rn

m
lli

m
f
f
f_

f
In

f
f
f
f.

19 "2
tó"¿
21 "7
20 "5')') ?

19,1
19.1
24.8
¿J "O
22 "0
2?. "31q q

30 .0
¿t"t
24"1
19 .1
14.4
1 6.9
21 ,1
1cl "l

23 ^718.9
18,4

32(6-B-17-1)*
33 (s-1 4-9-s)
1 (0-1-0-0)
s ( 2-0-0-3 )
2 (1* 1 -0-0 )
7(o-3-3-1)
12(1-6-5-0)
75 (21-12-29- 1 3)
1 62 (4- 3 6-9 2^30)
14 (2*4-6-2.)
44 (B-24-9-3)
0
2 (0*2*0*0)
25(4-i1-9-1)
1 s (0-6-6-3)
20 (2- 1 0-s-3)
11 (3-7-1-0)
42 (15-24-2-1)
t+7 (2-11-17-17)
2 (0-0-1-1 )

sB ( 1 s-32-6-s)
9 (1-B-0-0)
71 (2-60*7-2.)

43 (4-18-16-s)
7B (4-2*51-21)
10(2-4*2-2)
1 7 (0-s*4*B)
1 1 ( 4-3*o-4)
32(2^14*1-15)
1o (3-4-3*o)
1e(6-6-s-1)
161 ( 17-3?.-85-27)
64(1-30-17-16),le(9-24-39-6)
0

n S0*0*4*0 )
5 ( 1-1-2*1)
16 (2-6-7-1)
147 (2t+-86-26-11)
22 (B-7-6*1)
52(2.0-23-5-4)
10(2-3-4-1)
0
1 6 (6-7-2-1)
1 (O-1-0-0)
162,(17-135-7-3)

* The nu¡lbers in parentheses refer to the ilaily nur¡ber of
visits 

"

Sa-subadrrlt
A*adult
m-male
f -f enral e
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TabIe 20 " Foocl preferences
concentrat-ion oi
and- one hea-l-thv

of 22 ::ecl]rack
healthy I arch

sat'ifllz cocoon"

vo-les betrtreen a
looper pupae

AnimaI characteristics Food preferences

age sex v¿eight (g) Iarch looper pupae larch sar,vfly cocoon

Sa
Sa

7\

n

¡-
Sa
Sa

-A

E

^

}̂\
A

Sa
Sa
Sa

T\

Sa-
A

Sa
Sa

m
m
I.J

n'l

m
f.
f
f.
m

n'ì

m

m

m

f
f
f
f
m

f
f
f
f

1q )
1B "2
¿t"t
20 "5
22 "3
19 "1
19 "1I tr (ì

¿J6C

¿¿"u
¿¿"J
30 .0
a1 '7

2L', " 1

19"1
14.4
16. 9
21 "1
19 "7
¿J" t

18"9
18.4

6B(1s-30-16-7)+
96 (25-52- 1 4-5)
4(1-o-3-o)
21 (Z-s-B-6)
15(4-3-7-1)
56(1-34-10-2)
9 (2-s-1-1 )
1 o ( s-2-4-1)
103 (27-3C-25-21)
29 (5- 1 0-1 0-4)
3': (22-6 - 3- 4 )
2(1-1-0-0)
39 ( 0-0- 1e-20)
34(1-9-i5-e)
341(26-59-9t+-162.)
26 (1-9-12-4)
5 (2-2-1-C)
10(1-4-4-1)
0
3(2-0-1-0)
2 (0-1-1-0)
115(15-31-56-13)

2.9 (3- 1 1-10-5)
64(18-18-19-9)
1 ( 1-0-0-0 )

2t+ (4- 16-4-0 )

3 (0-0-3-0
1 s ( 1-6-7-1)
B ( 0- 5-2-1
5s(11-17-19-8)
121 (35-43-23-20)
49 (6-1 8-1 B-7)
6 (0-6-0-0)
2 (o- 1-0- 1 )
lrrQ
11ô
86 (

3 1 1-90-39)
3-1 1-59-37)
6-19-25-26)

1 (o-o-1-o)
1 (0-1-0-0)
3B(7-14-14-3)
B(3-¿l-1-0)
17 (2-6-8- 1 )

3(1-1-0-1)
26 (3- 1 4-9-0 )

* The numbers -in parentheses
visits "

Sa-subadult-
A-aduIt
m-male
f-f ema-le

refer to the d.ailv num,ber of



llt"l

Table 21 " Food prefe::ences shorvecl by other voles ancl mice
betr.¡een heal-thy larch looper pupae and heal-thy
Iarch sawfly coeoons,

Aninal characteristics

species

Food. preferences

ðge sex 1 arch looner ÞuÞae larch sav¡flv cocoon

I'4. pennslrlvani-
cus

P "naniculatus

¡\

Sa
¿\

Q¡

¡

f
f
m
ïn
m
nì
trl
m
f
m

162 (30**-66-48-1 B+*) * 136 (25-52-t+2-17',)
0 (0**-0-0ê0-0**l 3 ( 1-1-1-0-0)
54 (23**-25-5-0-1**) 1 (1-0-0-0-0)
50 (7**-31-B-2-2**) 142(0-2?.-63-45-12)
64 (22+*-24-9-3-6*+) 35 (9-1 9-4-0-3)
0 (o**-0-0-0-0**) B4 ( 2 7-40-9-6-2',)
55 ( 17'.k'r-1 1-10-4-9-4**) 6 (5*1*0-0-0-0)
12(7+*-3-1-1-0-0*"F) 51 ( 1 B-2"0-6-4*3-0)
55 ( 7**- 1-4- 1 1-19-',ll*rr) 16 ( 1 1-0- 1-2-2.*01
0 (0**_0_0_0_0_0**) 75 (4-3-1 B-34*1 1*5)

235 ( 3B,F *-2 U7 S* 91- 1 Jrt {: ) 70 (17-29*q* 1 6-4 )

33 (B**-10-4-10-1'F*) 9A (21-26-17-23-3',)
A

Sa f

+ù

l{uml--rers in parentheses refer to the daill' number of
visits.
\¡ísit,s curnulaLed over a hal-f-dav r:eriod.

Sa-subaclult
A-aduIt
m:male
f-female
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2.51

TabIe ?,5. The metabolic requirenents of
using the calorific conversion
and RÇ values "

redback voles
of ox:¡gen

Tem.perature
(@ F)

Nlaximum
tìo

Dail1z 02 consumPtion
I I i l-arl

Calorific conv.
( kcat )

69-12

62-64

53-57

,78

,ll)

"7t+

2 "126

2 "688

2 "856

J0.15

12 "77

13,50
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TaÌ:l-e 26, The tr:apning ::ecord of srnal] nari'¡¡.als caught
on 13 tarnarack bcqs of tfani-toÌ:a

Plot Trapping periocl Tr:ap-ni-qhts Species anC- nurnfiers caugl-rt

Ã
.ti
I
l)
E
F

27-7-70
^ã - 4^
.4 I- t- tu

9=B-70
9-B-70

23-B-7 0
23-B-7 0
1 4-9-70

H 12*10-70

FFSI 23-2-7 1

FFS2 23-2-7 1

Fennie ?.3-2-71
l{e<lítat-i-on 22-3'71

j ake
R.ennie 22-3-71

I{ed.itation 25-4-71
l-ake

R.ennie 25-4'71
B 31-5-71
c 31*5-71
¡, 29-6-71
A 7-9-71
B 7-9-71
c 13-9-7 1

F 13-9-7 1

Secl.clonos 13-10-71
Corner

250 16 Scu 16 Rhu 5 Cg
250 2 Sc, B Bbu B Cgo 5 l'lp
250 2 Sco 9 Bk)
250 3Sc, 4Bbu 17,h
250 6 Scu 3 Bbu 3 Cg u 12 I'[Þ
250 2 Sco Ll Bbo 1 Sa,9C.g u3l.tp
i50 2 Sca 5 Rb
150 2 Scu 9 Cg

2003ScuBCgu1Syc
200 4Scu3Cg
150 17 Sc u 9 Cçr
200 2 Cgu 1 l/ip

200 9 Scu ?, Cgo 1 Slzc
200 3 Cg

200 16 Seu 5 Cg
200 5 Cçr
200 1 Scu 1 Cgo 3 llp
200 2 Sco L+ Cgu 1 l.ip
200 17 Sco 19 Cgu 1 l{p
200 14 Sco Ll C.gs 1 Syc
200 4 Scu 3 Cgu 1 I"{p

200 6Scu5Cq
200 14 Cg

Scu Sorex cinereus
Sau Sorex arcticus
Bb, Blarina brevicauda
Cg u Clethrionomys gapperi
l4p u I{icrotus pennsylrranicus

Syc¿ Synaptomys cooperi
Zhu Zapus httclsonius

FFS, Forestry Fielc1 Station
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Tabl-e 32" Populations of snal.l- rna¡.,¡ra-'l-s per 1000 trap-
nights 

"
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Table 33 " Dens j-tíes and recoverl¡ rates of larch J-ocper
pupae ¡ planted s in tana,::acJ..- l:ocís.
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