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snov covêr affects the activiÈy of invertebrates ancl

ileternines nh ieh i-nverte brates arÈ winter-acti ve. SûÐfl

covÊr varied between 40 anil 60 cn in all- habitats in the

first wínter that was sliqhtly colcler thaû avëraqe. Subni-

vean tesperatures rangeil betryeen 0o antl -8oC, depending on

the ambient air temperature; dips in the former occurrecl

just after sudclen clrops of the l-atter. Sqow cover for the

second ¡¡inter ìras establisheil si.x weeks later than the

previous year due to unusually Harü ryeatber; snorl tl'li-cknn:ss

varÍed between 30 anil 50 crn¡ Subnivean temparatures rangerl.

between 0o antl -10.soC. Snoc clensity also affect.sd the

su bnivean tenperat ure.

Catch consisted preclominantly of Àcarina, Aranëae,

Collembola a¡rl staphyliniila* i.n both rÍnters, l{un,Èrous

invertebrates ilere active Ínmediately prior to the

esta.blishnent of pernanent snolr covac, llhen adequata insu-

lation from snoÞr uas available {20+ cn thickr¡ess of soow),

subnivean temperatures stabilisetl at abrrut -30 to -4oc, anil

harily invertebrates continued their activity. Species

di.versityr and usuaLly numbers of speci.mens al-so, decreasecl

in t,he autumn, wêrê lorl in winterr ârrd increased qraduallv

ín late sprinc to reach a vernal naximun.

Exceptions to 1olr numbers in midwinter Hêre the orilers

ÀcarÍna anil collêmbola rhich included nar¡y j-nmatures in

February antl ilfarch when subniv*an temperatures werê as low
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as -90c.

The activity of Araneae was positively correlateil with

subnívean temperature during the fj.rst winter, but was

negatively cortelated in the seconcl winter, Both arlults ancl

inmatures in nost families overrintered, Forty-nine specíes

T{srê active thtouqhout the yèar, with the exceptíon of

eLeven species which occurred only in surnrr€r ancl autumn.

Hencê, no ,t$inter speciesil flere present, only wi¡ter-active

ones. Many species of spiilers werÊ taken þhe second ryinter.

Six of tbe 49 species hatl holarctic ctistributi-ons.

Coleopterans, mainly staphylínj-ds, ïëre extremely abun-

dant in October ancÌ Novenber, but ceasecl activj.ty in uinter,

sprj-ng and nuch of the su¡nner"

Snow cover ancl soil surface tenperatutes below OcC causecl

cessatioa of actÍvity of oliqochaËta, Gastropocla, Pseudos-

corpioniila, Opi-liones, ancl many orders of Insecta. Carabi-

dae, sone clipterans and hymenopt€rans werË actíve clolln to

-4 0c.

Col-d-hartliaess of the spider fanilies Clubionj-dae ancl

trycosiclae ancl insect families ilycetophiLíclae anil Staphylini-

dae Ðas revealed by their activity at -7sC or lower in the

laboratory.

Three provinci.al dÍstribution recortls fler€ est,ablisheil

(UgaÊgr+ ggscgrum Templeton, S,gqgÊgne {ågg!i Eme¡y, ancl

I,Èngglgg sp, ) , a national record for IEqgpeA gubsgueaJls

Folsom-fegg¿gg Reuter qroup, aud a continental one for
Eglggqbsya sp, ßêâE gåþlgiq+:gg¿ggrsellgeele group. Also



fcur ne$ spacies ancl one nell g€nus ¡rÊrË taken,
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Tn North Anerica, litt]-e ís known concerning activity of

invertebrates on or under snos. ïnformatíon about snow

properties ís norê abunåant r and literature on hoy snoÌ{

propertíes affeet mammals, partícularly small ones, is
ccnstantly increasing ia volume. Sonè of that literature
may be appliecl to invertebrates. lbis research proiect ilas

undertaken to ascertain just ho¡r snory aËfects the activity
of invertebratçs in southern Hanitoba, and what inverte-
brates are winter-actiy*.

Chapter I

tgs3qpgçræu

The objectives of this research proiëct Þrere: {1} to

tìetermine the propertj-æs of sno¡r that affect the temparature

under snow covâr ia southern Manitoba, {21 to determine the

qroups of invertebrates that are acti.ve in winter, {3} to
determine the tenperatures unfler the snow at ¡¡hich f-hese

animals are actÍve and the relationship betlreen temperature

and their activity, {4) to compare ninter anil sunmer fauna

of the area, {5) to exaníue sone of the norË conuon species

in a tenperaturÊ gradienÈ, anil 16l to cletermine whether or

aot the sÍnl.er-active species are holarctic or nearctic by

comparison ryith Fêûno-scanilanavian fauna.

-l
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The term SftBilf VEAN tlill be usecl to descrihe the aninals,

temperaturçs and the space under the snobr r+hile the tærm

SUPAANr- AN wiLl be used to cl+scribe the tamperature at¡ove

the snory, Thê têrn, I{INTER-ACTM, refers to animals active
uncle¡ snoyr o: duríng the hienal periori. These terns arË

rçpeat€illy referr€d to in the text,
Seasons are not elassi-fied in the conventional manner of,

t,hree months pçr Tear, but accorclinq to temperature an¿l sno¡t

eonclitíons at the latitude of southern l{anitoba¡ i.ê. 5OoN.

¡,UTttl{l[ is clesj.qnated as Septenber anä October, WTNTER as

November to nict-Apri1, SPRTNG as míd-Apríl- to the end of

Hay, antl SfililER as June through August, l{inter is further
iliviilecl into EARLY rÍINTER {Novenrber anil Decembçr), t{IDITINTER

{January to nifl-ttarch}, and tATE }tINTEA {nid-March to
nirl-.April),

rT. DETTNITTONS



The occurrênce of invertebrates in or on snow sas

probably first notecl ín the nåneteenth century by European

mountaineÊrs and some¡rbat later by naturalísts. Biol"oqísts

probably did not exanine these aninals per .Fq until about

the 1940 rs, because of the bi.ologistsr aversion to colcl

tenperaturês. Biologísts fi.rst exanined the soi.l fauna anil

then turneil their attention to the f,auna on or uncler th+

SIlOtl .

Chapter II

tsggIEg-gf lrg3BålsgE

T. Ï NTBODT'ClION

Soil fauna colleeterl in sunuer at. hiqh altituiles or at

hiqh latit,uctes contains genera ancl/or spêci€s t,hat are

active uncler sror{. Historically, biologists used t,he

methods of soil biologists to stutty invertçbrates on or

uniler snow. Therefore, these soil methocls wil3- be discussed

fj-rst uniÌer: animals ancl their activity, thermal properties

of the soil surface, insulation provideil by both litter anil

snor¡, ancl animals livinq oD the soíl surface.

rf. soïL BïotoGY

A) !be-Àsåse1Ë-asg-!beis,-Àq!åg!!z

In Enqlancl, activity of animals cn the soil surface ilas

9



hiqh in sunmer and 1or in winter (Williams 1959a). Through-

out the yÐar actívity in the woods was about half diurnal

and half nocturnal; iu scrubrÍt uas predominantly diurnal in
$arm€r nonths of the yêâ.r and nocturnal in colder months

(wi1lians 1959a). ÍIi11iams {19621 neationed the similarity
betveen nocturnal-isn and vinter activity. In tllinois,
Holmguist 119261 ' not*d a cessation of most invertebrate
activíty from mid-Novenber to the t,hircl week in üarch each

year' excçpt for some protect.ecl specíes. Collenbola s'eemerl

tc exhibit normal activity al-1 winter. Of particular

siqnificaneê l¡as his statenent Èhat ttltost species are not

completely dormant in winter, but possess enough activÍty to

be able to cracl to cover rhen exposeclrrr {Holnguist 19261 ,

Àfter exauríning fnvertebrates f¡on hiqb alt.itucles in Swit-

zerland, Ðiem (19021 concludecl that s1Íqht chaages in soil
temperature occurred $ith tine, such that many soil inverte-
brat,es remainetl acti-ve, [Ie alsc ment,ioned that the subnÍval

{subnivean) reqion hail a richer fauna than t.he suhalrrine anil

alpi-ne oñ€s o

t{ore recently, invertebrates uerè found active on the

snow surface at the Arctic circl* in the [I.S,S.B. Novikov

{1 940) observeil active insects and spiders on thê snoí, even

at temperatures down to -9o C. Also sone insects flere

collected uncler the snoll ryhere the tenperature is siqnifi-
cantly hígher than that above the snou, sometimes as much as

25oC. Novikov {1940) concluclecl that the activíty of lnsects

on the sno!ù tdas probably depenclent upon the tenperature

10



regime of the subnivean spac€ ancL not upon the thiekness of

snolr cover. In PolancL, llolska (1957) founcl insects antl

spiclers active on the snow surfacer ês did chapnan {1954) in

Þlontana, strübing {195S) in cermaily, Fjellberg anct Greve

{'1968} and Hágvar {1971, 1973) in Norua y. In Sveclen,

Näsnark {1964) stucli.ed the invertebrates acti-ve uncler sDorÍr

fiühnelt {1961) ín Germaay nentioaecl that, durånq thaws, somÈ

ground litter inhabitants ilerê forcetl to the snou surface bv

the uater on the grounil anrl t,hat they returned to the litter
uhen colder reather resuned, Kevan {'|.9621 nent ionerl that

nites ancl ColLembola in eastern Canacla uÊre active unrler

snoï cover, if the grounil vas not previously frozen. In

t'lanito ba, Prultt {pers. conn. ) and others notecl CoIlen-

bola, Diptera, Hecoptera anô Acaneae active on the snor,',

surface at tenperatures near l)oc.

ïnsects rhich show a hígh ileqree of aclaptability to life
on and under snow are the mËccptÊrans of the genus ÞoEêqE.

Hecopterans are ringlass, noss feeders which copulate on the

snow surface. Adults are cold-resistant; larvae occur in

sanrl uncle¡ spruce groves in Germany {strubing 1958}. Fiell-

banq ancl GtevÐ {1968) founcl Borgug higggllg t. and BoIÈUs

Igs!¡eod! Haq. in Norvegian alpi"ne conclitions. In Germany,

Strübinq {1958) coLlected them on t,be sno}r surface lt.urinq

ninclless, sunny clays at about -1oC. Pruitt lpers. eomm.l

captured tsggeug gågefigg{es Fítch {one pai.r ig coggl-a) at

-4oC on fresh snow d.uring Fcbruary near the Taiga giological

Station {5 t o 03 | N, 95o 21r F) , $allace Lake , üan j-toba . In

11



nêstern l{ontana, chapnan {1954} found ÐggÈug .!¡giggl?E Hine

and !g¡e!g radggtus Carpenter iuurping on the snos surface at

Ooc and sary more inclividuals at -1.1oc. At -0.6oC they

copulated; at -5.6oC they noveil slowly; and at -12.2oC they

tlere motionless lChapman 1954) r .

B) !begscl-eEqpÊE!ies-g!-!bÊ.-Ssål-gusËase

It is well known now that soil tenperatures are much morë

stable than those of the air (I{acKinney 1929. üail 19321

Heyclenann 1956, Pruitt, 1 95?, I{evan 1962, Ylímäki 1962,

Gei.qer 1965, llallwork 1970) , Ùlany soil animals have narrolr

thermal. preferencla ancl seek these ranges in the soil

{Heydemann 1956, l{a1lvork 1970} , Tryo sources of insulation
ilav buffer the stenothermic invertebrates or the soil
surface fron extremes of ambient air temperature: the

l"itter layer anil thç snûï eovÐr.

1) Insulation from the litter layer:

Even i.n sunmêr, the soÍl surface tenperature under a

lítter layer remains belou that of the ambj-ent aÍr {Ì{acKin-

ney 1929, Pruitt '1957, Ylimäki 1962, Geiser 1965, Huhta

1965, Wallwork 1970). Holmguist {1926), HacKinney ll929l,
Cloudsley-Thonpson 119671, ancl Fuller Ëg â]. (1969) mên-

tioned the added insulation iu winter clue to tha litter
layer; in the Alps, Dien (1902) fliscussed. the small chanqes

j"n soil tenperature due to thick vegetatíon ancl prôbably a

thick litter layer a1so. IleydËmaun (1956) noted less

tenperature fluctuation uncler U-tÈer during rinter, ancl Toikl

12



119491 , ylinäki t19621, Huhta {1965), and clouilsley-Thompson

{196?) also $Êntioned the clampening effect that litter has

upon temperature ehanges. In Scotlanil, Edgar ancl Loêwen

{1974} monitored 1ítt.çr ternperatures in vi-nter anil ascêr-

tainecl that they trere hiqher than those of both the bare

soil surfaee and the anbíent air. lhese authors also

suggested that t,he spicler Pasdose lgggþgåg Walckçnaer use¿L

the leaf l"itter as an oyerwintering habitat. Ilallwork

{1960} maintained that the seasonal chanqes Ín temperature

in North America stinulateil novêmênt by mites from the

litter to the hunus as autumn progressed, anil vice vÇrsa,

Deeper litter also proviiles nore structural nícro-habj-t,ats

in whj-ch nore species nay be present (Huhta 1971, Tletz

1975),

2l Insulati-on from Snow Cover:

During winter 4 blanket, of, snow insulates thc soil
surface from ambienÈ ai¡ teuperatures {Dieur 1902, Itolnquisl,

1926, ltacKinnêy, 1929, Coulåanos ancl Johnels 1962, Ylimäki

1962, titellor 196tr, ßeiger 1965, Huhta 1965, Formosov 1969,

I'u1ler g! AI, 1959, Pruitt 1g7O , Hall¡rork 19?0, Àitchison

19141, such that the soil tempêrature remains near OoC rlhÍle

the anhient air tenperat.ure fluctuates considerably {Strub-

inq 1958, Geiger 19651, Thus the soil surface habitat is a

t,hermally stable environment throughout the year. Both

Xühnelt {1961) anct Kevan {'19621 acknowled,ged the insulating
propert,y of snow covêtr¡ Thís property is cli.scussed f,urther

in Appencli x 3- 1 llttchison 1 974) ,

13



c) 4¡åsa_1s_!ågltg-ss_Èbc_sgil_Egr,[asc

Animals that l-ive on the soil surface $Êr* extensively

stuclied by Die m {1 902} , rühnelt {1961) , Kâvan 119621, Burgês

and Baw 11967) anil Iùallwork {1970). The invertehrates

reportecl ineluile: Protozoa, Àcoelonata, Pseudocoalomata,

AnnelÍcla, Hol-lusca, 0nychophora, Crustacea, I{yriapocla, Tar-

iliqrada, Àrachnicla, ancl fiany Insecta. I,lany níches arê

present in the li-tter on the soil- surface {ü*tz 1975) , ancl

in the soil. Food for the saprophagous ancl funqiyorous

species is reaclily avaÍlab1e in noist 1j-tter, and species

preyi.nq upon thsse t,ypes of invertebrates nay find thein
requirenents of habitat, tenperature, relative huniôity, anil

foocl proviiletl in the litter. Detailed iliseussions of
partÍcular groups anil species will be found in subsegrrent

chapters.

In Canacla clifferences of up to 75oC occur j,n the årctic
ín mçan annual narimurr ancl mininun temperatucesi In orller

to explain survival in this severe environm€nt, neteorolo-
gists and physicists exanined the propertj-es of snory, r*hi1*

biologists st,uilieit adaptations of plants and animals that

enhance survival in r¡inter. Aspects that wilL be considereil

in this thesis arç meteorology as noclifieit bv snotr, the

properties of snory, ancl reactions of invertebrates to los

temperatures. Scientists throuqhout the northern henísphere

have maile contributior¡s to snory ecology.

14
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aì ggEg_^ue!èosslQsr

Tn Finlantt Keränen t192A) ryrote a comprehensive anil

cLassicaL paper on snoï, He cliscussed in cletail the

geothermal heat anü its effect on frost penetration, subli-
mation and eondensatj-on, and heat ccncluctivity. His conclu-

sions rd€re basacl on neasurÊmçnts of snolr clensit y anil

tenperature in the soil anil Ín the sno$ covêr. HacKinnÐy

(1929) in Connecticut anil Pruítt {1957 ) in Alaska measureil

soil temperatures throughout tbe year, noting the insulation
provicled by both litter anil sncfl cover. ID Germany, Geiger

{1965) publisheil an extensive meteoroLogical Hork on tha

micro-clinate near the grouncl, By examinat.ion of, this
nicro-clinate in the annual eyele, the effects of qround

cover anrl staniling veqetation upon sno$ clepth and. frost
penetration, ancl the characteri.stics of snos such as its
albetlo {reflectivityl, its therual properties, and liqht
penetration were coosiilereil. the long r¡avelengths of liqht

lreds) penetrate snorl more reailily than the short ones; also

denser snon ís norê readily pen*trat*d by liqht than less

rlense snor,r {Geiger 1965), Tn the tlnÍtecl States, Portêr

{19q3} measurecl 1íqht t.ransmission through 1ow clensity,

fluffy snor¡ at about -12oC by discs of a West.on Illuminonet-

er; he found 2.41 lj.qht transnitted throuqh 3.Sem of snow

and. onl-y 0,8g throuqh 8.5cu" Ànother r¿orker in the Unitecl

States, Ilê11or {1964}, anil Ri-khter {1954) in the U.S,S,R.,

considereil snotr properties fron a physical viewpoint, taking

into account crysÈal shap*, metamorphisrn anrl other detaíls
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of snow physÍcs,

B) 5¡!9.9_4co1ggy

Th€ basÍc troperties of, snoí arÊ iteaj.t, yith in Appendix

3-1 {Àitchisoo 1974). !{hiS-e stuilying Èhe subnivean environ-
nent of snarl manmals in Sweclen, coulianos anil Johnel-s

(1962) exaninad the diffÈrèncÊs in temperature bctween the
suhnívean aír space and that 'l0cnr above the snorr surface,
anfl founcl Èhe former much norÐ stable than the latt.er, êrÇ.

a ehanqe in the ambient air ternpecature of 10oc prorlucecl a

change in the subnivêan tenperature of zoc, similar di_f-

ferences s€re noteil by ylimäki {1962} in Finland, and }fai1

(1 932) , Pruitt 11g57) and Hellor {1964} in the Unirect

stat€s. Furthermore, coulianos antl John+ls t1962l found

that large amount,s of veqetation produced larqer subnivean

spaces.

1) Snow Density:

one of the na jor paraueters of snorÍ is its ctensiÈy

{Àitchíson 1974), flillians ancl Golcl {195S) discussed the

effect of vind upon snow which causes an increase in snow

density by packinq snoH crystals cLospr toqether. Th,a

densitv of snor affects its insulatinq porlÊr; loï density is
associaterl with qooil insulaÈion ¡rhile hiqh itensity is
associated wíth poor insuration {Rikhter 1954, willians anil

Gold 1958) . rn exposeil Locations on the prairi.es, wi_nd

action causes har,l-packecl, dense snoÌr; in shertered aEêas,

the snon is soft, less ilense anil friable, as snog has nrueh
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ai-r enclosed betïeen the crystals and has a low thermal

conctuctivity rvhen it is liqht and fluffy, it is a good

insulator {Rikhter 1954, ffil1iams and Golil 1958, Coulianos

and. Johnals 1962, Fornosov 1969, Fuller g.L aI. 1969, Pf,uitt
19?0, Aitchison 19741.

2l Snot.l Thiekness:

Pruitt (1970) considerocl 20cn to be the thickness of snolr

at r{hieh the subnivean tenperature Ís stabilized fron the

effects of the arnbient aír teurperature, a thickness that ho

nam€d the nhiemal threshol"dft. Ylimäki {1962}, rho studj-ecl

snor in southern Finlanil, statecl t,hat as littLÊ as 15 to

20cm of snoí !râ.s acleguat'e protection for the soil fron

excessi.ve heat loss " ¡rhile Keränen #92A) ascertaínecl in
northern Finland that 25 to 30cm of sno!ù covÊr in early
vinter naínt,aineil a soil surface temperature of about -?oC.

The hie$a1 thresholil naintaj-ns a tenperature of, about 0oC in
the subnivean uricro-cliurate {Coulianos ancl Johnals 1962,

Ylinäki 1962, Geiger 1965, Pruitt 1970).

c) Beeg!åene_qf_Iqse,E!e.Þæ!sE-to_Les_femeeg,e!'rEeç

Temperature nëasutrês energy, j-n the forn of heat, which

affects the speeil of netabolic procËssês i.n poikilotherms.

Also, t,he transfer of heat acts as a stimulus in the

bahaviour of invertebrates (Fraenkel anrl Gunn 1961), Heat

nay be transferred by: {1) racliation, both solar anil

infra-red; l2l concluction; {3) couvection; ancl {4} €vapora-

tion {Carthy 1958, Fraenkel aod Gunn 1951, Moen 1968) .
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rnvertebrates react by altering their behaviour in respons€

to the first three, but rarely to evapoxation (Fraenkel anfl

Gunn 1 96 1) .

Temperature regulates all the physioloqical processes anil

the g€nera1 activity of invertebrates anrl other poikilo-
therus. Thê dÍstråbutíon of invertebrates is governecl by

tenperature (Messenqer 1959) , anil nost animal-s congregate in
areas of favourable tenperature for all their life proc€ssês

lcarthy 1958, Hallwork 196 0, Fraenkel and Gr¡nn 1961) ,

a mul-titucla of factors affect an aníualrs response to
temperature chanqe {Moen 1968), ancl several vill be men-

tioned" The types of behavioural responsè to tenperature by

invertebrates uí11" be exanineil, as vill reactions of dif-
ferent animal-s to changing teuperatures and to colil.

Reactions of invertebrates to ron temperatur€s sÐxe

stucliecl by Holska 1195?) ancl strubing (1958) , tsoth observad

stlolr iavertebrates in the rual pref erend a, whi.le Strubing
founcl that Çhiggga lgtqgcggg DaLm. had a thernral- preferen-

dun d.own to -5oc . rn *linnesota, ME¡l { 1 930} oxamínect

survíval of the elaterid r{Ë,¡Angtgg cqmqggås Gyl-I. in the

soil during the ïinter, anil found. that eold-sensitive
speeíes overvj-nteretl tleep in the soil Hhile harilier species

l{ere near the surface, Hê concluded. that snoí eover can

affect the survi.val of insects.

In Saskatcheïan, Ríeqert (1967) found that mortalíty hras

low in the eggs of three specíes of grasshoppers in arèas

shere ninimun temperatures $êre ¡eiow -35oC. fle concluileil
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that this uas clue to the insul-ation of the sr¡ow covêr ancl

aLso observeil håqh winter mortaLj-ty in areas with insuff i-
cient snos covêF¡

Tn the natura 1- habítat, the thermal preferenclum is
significant anil i.s usuall-y close to temperatures in which

ins,:ct,s rlevelop. GênÊraL1y, anima3-s in a qraciient avoid

temperaturas greater or less than the optímum temperature

for development, nhich is mor€ or less +quivalant to the
preferenclun (carthy 1958). Fraenkel anil Gunn {19611 ct*f ineil

the temperature preferencìum as that tenp.erature range which

gave I'th€ raßqe within rrhich 50 to 8096 of the observations

occilr. rr The temperature effect on netabolisnr or on the

central nêrvous system affeets behaviour, by changinq the

speeiL of a manoeuvre or by increasing avoirlance {Carthy

1958). PoÍkilotherms control their bocly Èemperature alnost

entírely by behavioural n€ans, often by locourotory reaction.
The tenperatuxes to which the aninals are acclj-nated also

af fect t.he preferendun {Fraenkel ancl Gunn1961},

D) BeegÈiegg_9.Ê_Ieg,grleþrg!es_tg gAEIiÊg_!eqpeseturgs

Cloudsley-Thompson ( 1953) stresseil the importance of
fluctuating temperatures. ttost researehers holct animals at

a constant tenperature, rea11y an abnormal situation. This

nay be close to the normal contlition for homeotherns , but

this is not true for poikilotherms, clouilsley-Thompson

(1953) discusseil the fleleterious ef f,ects of consÈant t+m-

peratures anil gave examples of a nuuber of iasect species,
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in which development ryas aceelerated at a constant tempera-

ture, but survival, longevj.ty anf, productivity wêrê reduced.

Constant temperatures appear to inhj-bit activityr âs somÐ

species clepenil on sudden clecreases in te¡nperature to stimul-
atç orthokinetic {speeð of movement} locomotion {clouilsley-
Thonpson 1953).

Changes in temperatures affect activity of many i-ns*cts,

Social ínsects exhÍbit behavioural necha¡isns to keep theÍr
coloníes at optímal ternperatures {Carthy 195S}, At 16oC or

1ower, bees forn a cluster vith their heacls tonaril the

mi-dcll-e' Those inclividuals in the middle cigqle ancl proiluce

heat whi-ch protects the others f ron Low aurbient air
temperatures {Carthy 1 958} .

fiunn (1934) , in a classic experinent, placect seighe¿l

cockroachês, E]qllg g¡ig3la]i.E L,, in a thermal gradient of

20 to 40oC, fle also realizecl that a humÍclity gradient

existecl within the thernal one anil ascertaineil that normally

the cockroach ïas unaffected by the moisture gractient. Àn

animal that desiccatecl to 7Dy" of its original weight

preferred a lorer t.emperaturê rangè of 12o to 23oc {v€rsus

the normal 20o to 29oc.l , due to tbe greater relative
humidity in that, rang€. After a drink of wate¡, the

desiecated animal raturned to its previous preferendum lGunn

1934), This is an example of interaction of more than onÐ

st iu u1 us.

0ther exampl_es of interaction of severar stimuli have

heen founcl, ID somê groups of animals {l{ollusca, coleop-
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tera), it was agreed. in tha past that activity lras inctucecl

by changinq Èemperaturês { nentley g! ê1. 1941, Dainton

1954, Karl-in 1961). Somè researchers found recently that
the stimulus of liqht intensit.y affects the behaviour of

their test animals morê than temperature (Nerel1 1968, Lewis

1969),

E) Basiç ReêS!ågtg_ÊBE_SFgspJÊs

Reactions of. ínvertebrates to colil ar€ less itefi.ni.te than

those to heat. At temperatures u¡arkedly above or below the

preferrerl rangÊ, stupor anil innobility occur prior to d.eath

{Carthy 1958, flall-work 1960}. Cokl torpor nay occur between

0o ancl 1soc, thus producinq an agqregatios of animal_s wherç

the teurperature is 1orl enouqh to proiluce colrl torpor
(Fraenkel anil Gunn 1961). The paraneter of locomotion, in
the forn of klinokÍnesis or change in the rate of turníng,
is most important for sìeasurinq tbe effect of lorl tempera-

ture. Tenperature produces behavioural effects often by

clír+ct action upon the central nerrous system, which will,
in turn, proiluce chanqes in netabolism that incluee loeono-

tory activj.ty {FraenkeS- ancl cunn 1961) . some insects occur

in habitats BÐar OoC, yhÍ1e a few cannot tolerate tempera-

turss nuch ov€r 0oC, usually clue to direct physioloqical

effects {FraenkeL and Guûn 196 1} . By behavioural anct

physioloqical means, wi.nter-active and overwinterin<¡ inver-
tebrates can survive 1ory tenperatures. physioloqical

nechanissìs rill be consiilerert later in the seetion on
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cold-harcliness.

Rertran {1935¡ compared the loc temperature limi_ts of
acti.vity in a varíety of insects ancl spiders in eastern

Greenland and Finland. He cleterminecl the poi-nt of colil
stupor, above ryhich the anÍmal is active anrt belov which it
losas íts normal- activity, and concruclçd that j.n Grêenranil

i-nvertebrates rvithst.ooct cold better than those of Finland,
uhich eere acti-ve at 10ot (Bectram 1935ì,

t.{â1la¡}blr (1940) exaninecl the actívíty at low temperatures

of cert,ain Àrctic insects in Finnish tapland^. H€ founrl that
accl-ination could occur in 24 hours or less and thus coulil
produce ilramatical-ly clifferent results in the nËasurenents

of cold st upor tempe ratures. Stone-f l y nyrnphs, Dlgtgg.påeTg:

ggllg Ë-Uþg¿Ege Bingtsson, coLlected at 'loC, ïÊr€ active at
Ooc even sithout acclimation. Aeclimation of aclults at hiqh

tenperatures altered theiî colrl stupor temperatures,

Specífic papers clealinq with each phyletic qroup clis-
cussed in this thesis are consiilereil in subseque¡t chapters.

rn conclusion, the responses of terrestrial ínvertebrates
to tenperature nay be classified as appetitive behaviour.

the responsÊs may ba easily recognized, especÍa]-ly avoidance

reactions cr klinokinesis; or becaus€ sev€ra1 stimuli may

procluce a fsynerqistÍct response uncler certain eonclitions,
where the response to a sÍngle stimulus nay only be obsærve<l

when it is measurecl in combination nith one or norÊ other
stimuli, Ê r !f . the ef fects of humidj.ty superirnposerl upon

those cf tenperature fGunn 1934). Furthermor€, tËmp+rature
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caus€s s€veral types of change in the boclies of poikílo-
therns through clirect effects on the central Èervous system,

throuqh inrlirect effects on the speeit of netaboli.sm, and by

an interacti.on of both effects, producinq behavioural

reaeÈions.

I V. C 01Ð- ttÀRDI lrES S

some iusects survive in tenperatures of less than -,30ocr

uíth their borly fluicls in a supercoolacl, unfrozen state

{carthv 1958) " supercooled body f ruiils contain a hiqh

percentaqe of colloiils, ancl a lower proportion of ryater than

in the sum$Êr, *nabling tbe ínsects to tolerate the forma-

tion of sma11, Ísolated i.ce cryst,als in th*ir tissues

{carthy 1958, Iligglesworth 197 21. cold-harcríness is ilepen-

dent upon the water content of the boily, anit most overwint-
çrinq aninals keep it at a lower level in ninter than in
sunmer, ê.er 65Yo versus 79Y" {Carthy 1958t } , Effects of
tenperature on atr-l aspects of insect life histories, j-nclud-

ing col-cl-harilinass, arê cliscussed by Uvarov {1931).
Fiqglesworth 11972) equated cold-hardiness with àvoiilance

of f,reezing. Insects may be groupeil into tr¡o classes: a

freezinq-resÍstant {F-R) grÐup that tolerates fre+zinq of
body tissuesi and a freezing-sensii,ive (F-S) group which

avoids freezing of íts tissues by depression of freezing anil

supercooling poínts of t.he haemolymph ancl,/on accumulation of,

a cryoprotective substance such as glycerol {Gl {Salt 1961 l
Asahina 1966, Sfnme 1967b, Iti<¡gresryorth 19721 . Relatívery

23



few insects, usually larvae, can survj-ve j-ce fornation in
their borlies, vhíle nan y F-S insects overwinterinq in
exposed habitats can supercool {s/nne 1967b, Ashwooil-snith
'1970). F-S specj.es wbich supercool may overyÍnter in thê

larval or the pupal staqes {Sal-t 1961, Asahina 1966,

Àshwootl-Smith 1970) r of, may be active as aclults l0hymama and

Àsahina 19721. Factors tlet*rnining cold-hardiness that vill
be cliscusseä he¡e are: {1) the abilit.y t,o survÍve freszinq

{freezing-resistance} , {21 the ability to supercool, ancl {3)

the abi-lity to survive long Êxposures at 'low tenperatures

{Asahi¡a 1966} .

B) Fggtsrs_Pgleggågigg-Çgf,d:Irer{lgsss

1) Ability to Survive Freezing:

The initíatíon of freezinq occurs spontaneously or after
tinoculationt by ext*rnal ice crystal.s, Before a solution
rill frêeze, a nucleus is ne+cleit in the soluti.on arounil

ryhich an ice crystal can form. Nucl€ation depenils upon

nolecular orientation, the size of the yater nass, tine, and

the presenee of nucleating sites such as ilust particres
(Salt 1961). Food narticles coyereil with dust providç icleal

nucLei for inoculation in the foregut of an insect {salt
1q53, 1961). ohymama and Asahina {1gi2l noted that for scm,ê

ínsects, cessation of feedÍ-nq antl emptying the grt of ice
crystals uucLeators ín the â.utunn brouqht on an increase in
supÊrcoolinq abilÍtyr ancl that the reverse occurrell Ín

spring nith the resumpticn of feerti.ng. öst.bye and Sømne
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{1e?2} also found that the beetle pelgp-bå}c þggee]ig payk.

lost its supercoolinq ability llhen ít bagan to fescl in

spring. By contrast, Kaufilann {1971} observeil that ltggg:

Slichge ÞSe,våggggig, Kirby ceased f eeiLins in the early

Al"askaa vinter, ttren resumed f,eeiling in micl- an<l late

uinter, IÈs survival ras not. hampered by this feedinq,

Spontaneous freezÍnq is dependent upon the size of the

crystal auclei, and inoculatíon by exterual íce crystals iÈ

a fasÈer nay t,o Índuce freezing {Asahina 19{)61 ,

Freezing of the haemoLymph of an overgintering insect nay

be slo$, nhile Í¡ sunner it may occnr easily. Freezing may

be intracellular or extracellular, F-S species may have

much i.ntracellular freezLng vía rflashingr, or rapicl ice

fonrnatíon, that danages ce1ls, while F-T specåes have

extraceLlular fraezing. In the latt,er case, thauing Fro-

åuces ce1ls with normaL appËarãDce and actívity {Asahina

1966).

The relationship hetween t+nperature and freezing for a

large, intaet insect is exemplífied Ín Fiqure 2-1. The rise

in ternperat,ure {A) occurs when the S.atent heat of fusion Ís

released as intracellular f¡eezing s$Êeps throuqh the boity

cavity of the inseet lfliqqlesworth 1972, Stöver 1973). Th*

plateau, B {present only i-n larqe !-nsects) , reprêsents the

end of freezinq. If cooling ceases here, the insect may

survive; if ít. continuÐs, death is certain for F-S insects

{Kirchner ancl Kestler 1969, Stöver ?9?3). The gradual fall

{C and Dl repres*nts progress tovarcis axtracel-1ular fneez-
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ing, accompanied by a concentration of the froeen blood anil

dehyclration of the tissues {Asahiua 1966, iligglesuorÈ.h

19'l2l .

lfechanisms cf freezinq resistance are avoirlance of intra-

eellular freezing ancl the proc€ss of frost hardeninq. A

Large volume of bocly water r*tarrls j.ntracellular freezing.

À11 knonrN F-R inseets are in the larval or the pupal stage,

staqes rith hiqh blootl volumes. Hêenolynph may also have

the characÈecisÈies of ,,ihe fornration of a concentraÈed

bloocl layer arouacl ice crystalsrtr retartl.á.ag fu¡ther inocula-

tíon {Irsahina 1966}, Extracellular freeziuq may be resisteil

by havins littLe unbound water in the insectrs boily and by

the presenc€ of cryoprotectíve, nÊutra1 compouncls cith small

nolecular veiqht such as glycerol {G}. Frost-harcleninq may

be acconplished by chil.linq or by êxposurê to mocteratelV

col^cl tenperatures {Asahína 1966} .

Freezing-resistance ras demonst,ratecl in the parasitic

wasp, E¡âgg¡ qÊ!!å eahan, and the slug caterpillar, -Uo.Se.mê

llggggge4g rlalkÊr. Both are hiqhly F-R species containinq

somê G (Asahina 1966). Itr Àlaska, an overwintering aflult

carabicl, Elggggtighug Þsgviçor!åÇ, toleratecl freezing below

-35oc. .[rtults cont,ain sone G, while immatur€s have none;

nevertheless, troth are F-F. (Hi1}er 196g, Kauf nann 19?1) . In

northern Japan, Ohymama anil Àsahina 119721 stuflied sêven

species of aclul-t insects, all of which exhibiteil poor

abil-ity to supercool (supercoolinq points betreen -60 anil

-10oc), anil thus they vÊrê classified as F-R ailul-ts. An ant
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that they sturlieil hacl two supercooling points. If it tras

reuarned before it reacheå the seconcl one, it resumeil normal

acti,vity; buÈ i.t coukl not survive if it $as cooled to the

second supèrcooLinq point. As a result of preparing histo-

l-oqical sections of the ryholer frozen ant at -10oc anil at

-2Oo'c, Ohymama anil Àsahåna l1g-l2l ascertained that coolinq

of -10oc for 15 hours only proäucecl ice in the foreeut.;

coldEr tenperatures proiluced Íce throughout the anÈ, Stöve¡

{1973) founil that a terrestrial snail fron the mountains of

Àustria, Àsianla æÞ!gÈ9.çgg L. , coulfl tolerate ice in

certain tissues for short periocls of time, unt5.1 the plateau

on the freezing curve uas reached {see Fíqure 2-11. She

thought that the freezi-ng ïas rralmost cartainly ëxtracellu-

laril. The iuactivity of this snai-I cturínq winter, causing

slouer freezing, also enableit it to tolerate subzero tem-

peratures (Stöver 1 973) .

2l Abilitv to Supercool:

flany investiqators examined supërcooliaq, and fcreuost in

this fieltl are Salt {1953, 1956t 195? , 1959, 1961) antl Sdmme

(1964, 1965a, 1965b, 19661 1967a, 1967b). Earlier r€sear-

chers ïer€ Payne 11927 ) anil Sacharov {1930}, nho felt that,

clehyilration of overuÍntering speeinens ancl clehyclration plus

the amount of fat, Ín Ínsects, respectively, lrere responsíble

for eold resistance. Aspects of supercoolinq beinq consÍ-

clerecl here are tha accunulation of cryoprotective conpounûs,

lowerínq of superccoling and freezing poirits, and dahyclra-

tion, nith examples.
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The accunrulatj.on of cryoprotective coüpoun'l (s) was diseo-

verect in numerous overwÍntering insects, the uraiority of

which hibernate ín exposeil places ancl are in iliapause (Salt

1961, Somne 196?b) . iligqlesrEorth l1g7 2l gavÊ a sïnopsis of

supercoÐlinq, whích miqbt occur by a hydrophilic cryoprotec-

tant. HÊ statetl: rrTcê crystals forminq in solutions rich
in hyclrophilic coll-oicls are liab1e to become covered with a

sheath of, clehydrateil colloitl, ancl thus fail to rseeclr the

e¡tire solution,It Cryoprotêctive substances include 1ow

nolecular veíghtr polyhyilric alcohols such as slycerol {G),

sorbitol aod mannitol, and possibly lipids lsalt 1961, S/mme

1964, Ashwood-Smith 197ø, Baust and üiller 19?0). À11 these

los mclecular weight substances coatain qroups forninq

hydrophilic bonds, Èhus increasing the viscosity of the

haemoS"ymph aucl af fectlng supercoolinq (S/nme '196?b). S/ume

11967a) stat,eil that rrthe effect on supêrcoolinq exhibited by

qlycerol ås not unigue, but that a number of solutes in the

haemolymph nay have a sinilar effect, rf Ile cited those

solutes as beinq G, sorbitol, trehalose, glucose, lactatê,
alanine, ninhyiÌrin-positive substance, antl acicl-soluble

phosphorus (S/mme 1967a1.

A correlat.ion between G concent,ration and supercÐolinq

points in ryhich an increase in Ê produces a clepression of

the sup€rcooling poj.nt has been cleternin,ed {SØmme 1964,

1965a, 196'lb; Ashwoocl-Smith 19?0; Eaust anil lliller 1970;

Ohymama and Asahina 19721. Sometisres this co¡relation i.s

not linear, inclicating sevÊral substances (Baust ancl Hi1ler
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19?0). rProtect,ionr by a cryoprotectant is not alwaYs

conplete, antl some other colil defence mechanisms naT opærate

($alt 1959; S/mme 1964, 1965a' 1965b, 1967b; Àsahina 1966i

Ashuooct-surith 19?0). rrThe anount of protect5-on {fro¡n f,.xeez-

inq) is proportional to the xËlative concentrations of

neutra 1 solutes anfl electrol ytÐs, rf lSalt 1 9591 . A tlepres-

sion of the rneltínq pcint of haeuolymph occurs rith a hÍqh

concentration of G {S/mme 1964). Baust and HilLer {1q70}

suggestecl that G may.accunulate prefêrentialLy in certain

orsans, while lsahina ,{1966) Índicat,ecl differential freezing

in an âût'

Baust. {19?31 ðíscussettr fraesÍns flith and without G; uith

no G t intracellular freezing, rapid gro$ing conctitious'

nembrane and protein clenaturationr âficl migratory recrystal-

lization occurred uith 1orye¡eil tenperatures: the presencê of

G increasecl the solute concentration, depressed the freçzinq

point, j-ncreased. víscosity, anfl prolonged the liquid phase.

G modifies ica structure by blunting crystals anil, in

general, produces.. a decrease in the supercooling pcint

(Baust 19?3), Salt {195?} called G a qoocl antifreeze
rbêcause of its hiqh solubiLíty in agueous salt solutions,

its abilÍty to permeate the cell rapittly, its lon molecular

weight, and its absence of t.oxicity €vÈD rthen in great

excessrr. ç cloes not alrayS prevent ffeezinq. None the

less, survival of frozen larvae of E¡êgon ggph¿ ås more

likely if G is present {Salt 1959). Oae unusuaL qrralitv of

G j-n the haeno.Lymph is that it causes a lower supercoolinq
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poiot than that of a G-natêr solution (SonÍìâ 19641 . Som,e

insects vith G become F-R ryhile other ûo not (sonure 1965a) '
which leaves the roLe of G unclear (Somne 1964). Studies

indicatecl that, th€re are seasonal ancl other chanqes in G

concentration. G often increases in iliapausinq insects ancl

in overyinterinq spiders durinq autunn anil subseguantly

decreases after dÍapause is b¡oken¡ t.here arê, of course, a

few exceptions {Salt 1959, 19613 S/nrne 1964' 196?b; Kirchner

antl Kestler 1969: lshrooil-Småth 1970; Baust and uiller 1970'

1e7 2\ ,

One of the most notable anil most freguentlv occurring

phenomena associatetl with the accunulation of G is the

clepressi.on of supëEcooling anfl freezing points, Asahina

{1966) reporterl that sonê species accumulate G. Seasonal

variations in supercooling poínts of Pqlgphila Þgqgelie in

Nor*ay show that a línear correlation exists between the

amount of supercooling ancl percentage of c {SØnme 1964,

Banst ancl Mi-ller 19'12, östbye ancl Slmme 1g721. For PÊgggy:

chug ulBå Koch, a lj-near correlaton exists betreen supêr-

cooling points and. sorbi.tol content {S/urme 1965a) . The

concurreut accuüulatíon of G (or sorbiÈol) anil deptession of

supercoolinq points may be Íaðuced therßally by artÍficial

methocls in specinens collectetl i.n the autunn; likewise,

elevation of tenperature will revÊrse the process for nost

species {SaIt 1961, S/mme 1965b, }tiller 1969, Baust and

l'liller 1970, 19121. Slmme and östbye {1969) exani.necl some

winter-active insects and found that the freezinq pcint of
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the haemolynph !ûas higher than the cbill-cona temperatures;

hence thesa insects rere able to move uben supËrcooleil.

BgrÊgg lgg!.gggdi was active untíl j.t vas frozen (SØmne and

dstbye 1969) r

supercoolÍnq was a3-so noted in centipedes anil sco¡:pions

in New ilexico, but it rlas not couelatecl with a cryoprotee-

tant lCrasforcl and Riclills 1974).

Ki-rchner {1973) examinecl cold-hardiness in spiders from

central Europe ancl conclucled that they iliecl at tenperatures

less than Ooc ilue to ice crystal fornation i-n their boclies.

In adclition, hê concluclecl that col-d resistance Has speeies-

specífic ancl that the cleqree of colcl-harcliness rùas clepentlent

upon the nature of the wínt+r quarters, CoLcl-harclíness

rariecl rith season ancl with age. Neither G nor t,he protein

content of Èhe haemolymph of AgåÊguç gggB.ulgs Clerck was

important in supereoolinq. This species is very F-Î, with a

supêrcoolÍnq point betreen -16Û ancl -30oC, overryinterinq

outitoors in vegetation ancl havinq a reilucecl metabolic rate

in winter. These factors probably promote survival whçn

food is scarce {Kirchner 1 973) .

It $as postuJ-ated that dehyil¡ation of an i-nsect prior to

entering diapause facilitatçcl Íts ability to survive coltl

tenperatures {Payne 192'1, Saeharov 1930), Ashrood-Smith

{19?0) stated that rrÀ corrêlation çxist,s between the anount

of water in an insect and its f rost harclinêss, il shile

T{iqglesworth t19721 reportecl previcusly that this uas not

so. SaLt(1956) experimentect with four species of insects
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anil asc€rtained colil-hareliness increased ryhen ilesiccation

was nearly sevare enough to cause death. Iî natural

conilitions, a recluction of body moisture ia the animal prior

to hibernation procluces nore concentrat,eri boily fLuiäs and a

lower freezing poi-nt. He conclucletl that desiccation t.las

rroccasio¡¡ally iurportant in cold-hardeninq lnsectsrt (sa1t

1956). tater he confi.rned, this vienpoint and acldeil that gut

evacuation pri.or to hj-bernation rlsulted in tr-ess body water

and rras acconpanied t,y a rlecrease in secretory activities

anil by an accumulation of fat {säIt 1961, Kaufnann 19?1).

Stöver {19731 notecl that specimens oË the snail, årj,anta

agÞ,ustogge, containecl less r¡at,er in winter than they did in

sumner. Tso of my lumbricÍd species, èflgþ.glhgr.? lge-gida

Eisen ancl lgqþgiggg ggþellgS HoffmeisÈer collectecl in the

autunn, were notíceably de hydrated. {Seynolds, pers, coRr0. ) ,

De hyclrat ion stil1 seens to aid cold- harcl j"ness to some

extent.

The abíU-ty to survive long exposures at lou tenperat,ures

lras exaninecl by Salt {1950) r who statê¿l Èhat the rrProbabilty

of freezinq ís tlependent upon teurperature anrl tine.rt ttsing

larvae of 9ephgg glgçlgg Nort,, he froze them over a periocl

of BZ days, with penioili-c examinations and. founcl an increasè

of mortality rith tine. Also, low temperatures enhanee the

chances of iee nuclei fornation (Salt 1950), antl fluctuating

tenperatures íncrease Èhe probability of nucleation lsalt
1961). He also nentio¡rçil that the time-freezinq curve cculd

be cleterninecl for a populatåon buÈ not for an Índividual

32



{Salt 1956}. Sfnma {1967b) a.}.so citeil decreasing tempçra-

tures anil increaserl exposur€ times as itæleterious to

insects, ryith survival dependent upon tenperature antl the

tine ov€r whi-ch freezing occurrÊil.

The study of soil bioloqy leil to stuclíes Õn winter

ecoloqy and subnivean invertebrates. Responses of terres-

trial inveîtebrates at low teuperatures naY be classi-fiecl as

appetitive behaviour. These responses nay be easíLy rÈcog-

nized, €speeially avoiclance reactions or klinokinÐsis.

Alternatively, several stimuli may evoke a tsynergisticI

rËsponse vhich coul¿l not have been observeil had only ona

st j-mulus baen pre.seat 7 ê. Ç, thE ef f ects of hu miitity

superimposeil upon those of temperature (Gunn 1934!. In some

i.nstances, t,he response to a second variable (such as

relative humiility) overricles the response to changing tem-

perature. Invertebrates tend to congregate in thei-r t,hermal

preferenila, Decreasiaq tenperaturÊs stj.mulate acti-vity in

som€ Ínvertebratesr

The phenonenon of cold-harcliness is not exclusive to

insects; in this reviery reports on cold-hard^iness in mol-

luses, nyríapods, scorpions, ni-tes and spiclers uer€

inclucletl. The accumulatÍon of a cryoprotectant loryers the

supêrcoolinq poiat of haemolymph ênough to allow survivaL to

occur at low tenperatures. Many areas of investiqation ax+

not yet clear antl offer many fascinating research
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possibilities.
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Figure 2-1

Freazing curve of an overçinterinq pupa of Pgpå]åo gg!hgp.
SP, Supercoolinq point, If the temperat,ure measuri-uq ele-
ment to neasure tbe body tenperature ås in contact síth the
outside surface of an insect body, any point on the freezinq
curve is usually lower th*n the true body tenperature of the
insect, partieularly uhen the coolirrq ís nore rapiil {Asahina
1966) "
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ThÍs sÈucly was coniluctecl in southern Mani-toba, Canacla, at

Fort l{hyte, two miles west of winnipeq (9Zo 13f 30n fl. 49o

49r N), The clj-nate is continental, r*ith an annuaL vari.a-

tion of 34oC between neaü t*urperatures in January and July,

and snofl cover lasting for up to six nonths pêr year. The

stuily area was in the aspen parkland eco-systen conposed of

a nixture of aspen groves ancl lonq gtass praírj-e,

Chapter TII

I'fATNRTÀTS ÀND !{ETHOÐS

I. SÎUDY ARE.A

A, lraþilels
i

Pitfall traps ïer€ placetl in t,he fencecl property of,

Canaila Cenent Lafarge f,tå., Fort llhyte, in three dif ferent

habitats. Representative areas of natural vegetation were

present on the property, and three habitats trere chosen as

follous: (A) aD exposed, grassy riclge running east-

northeasÈ to Hest-southwest, and risinq about 1.5m above the

dredgecl ponds on either siåe; {B) an aspen-bur oak woodsi

ancl (C) a danp, qrassy meaðou surroundeð by the woods

described in {B) . The location of transects is shoun in
Figure 3-1. lables 3-1 to 3-3 contain a list of the

ttourinant species of plants found in these clifferent habitats

{Scoggan 1q57). ïegetation in the woods Ís approaehi.nq or
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is i-n a climax conclition, ïhile that of the ridqe anfl of the

meaclory is in a transitional staqe, llith fever species

present. The riilge .$as the area nost clisturbed by hunan

activities, and the woocls the least disturbed.

In all habitats, the pêxcentage of vegetati.on covêtr h¡â.s

taken aftar leaf fal1 from the nean of 20-1/4n¿ suatlrats

taken at ragular 6m intervals on the ridge, antl from the

mean of 100- 1/4nz quaflrats taken at regular 10m and 6n

interval.s in t,he Þroods anfl the mêados, respectively. the

percentages of grouncl cover, of grass cover, of shrub cover,

ancl of area occupieil by tree stumps Here estinateil and are

presenteil in Table 3-4. It nust be borne in mi.nd that the

percentages of cover refer tp three dinensions.

B. eosi!1a!-g!_Eegplågg_^Eranseg!s

A transect of eiqht traps vas placeci in each habitat.

The transect on the riclqe {À) ran east-northeast to west-

southuest, to the east of some tall ui11ows, flith tnaps 6ur

apart {Figure 3-21, The onË in the woods {B} ran south-

southeast to north-northuest, and the traps c€xe 10n apart

as the habitat flas more extensive {Figure 3-3}. The

transect in the meailov (C) ran southeast to northwest riit,h

traps 6m apart (FiqurÊ 3-4).

c. Çone!åUg!åen_g!_Tgaps

Sínple pit,fall traps of the Barber (1931) type w€re useil
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and no{dified according tc Näsmark {1964) and Breymeyer

11966) . A cl.etaÍled description of the ring and lid çith

attachecl hanille covering each trap is given in Appenclix 3-1

{Aitchíson 19?4}. À 100+cm stake {markecl at 1Ocn intervals)
Has driven verticaLly into the grounä at, the edge of the

rj.nq (Fiqure 3-5) . fhe length of the hanclle ¡ras carefully
ileterminecl in relatÍon to the snorl thi-ckness ancl the effect
of wj-ncl on the snow cover observed iluring the fi"rst winter.

The exposed riilqe ïas subiectecl to strong wind action, the

meailow to moderate wj.ncl action, and the iloo¿ls to virtually
no winfl action, As the critical- j-nsulatj-ng t,hickness of
snow is 2Ocm fPruitt 1970, A5.tchÍ.son 1974 in Appenilix 3-1),

the hanilles at the ridqe ancl the neaclov $ere 17.5cm anil 20cm

lerng, respectively, In these two habitats the l-enqth hras of

importance siace the wind action on the snow fliLl form a

hollollr ôr agnaga {Pruitt 1970}, arouud any obstrueti-on.

the agüaga in turn ryill decrease the insulatinq pofler of the

snorr bv decreasing thê thickness. Fortunatelyr rìo almalas

clevelopecl, anil the problen did not arise in the exposeil

habitats. ID the wooils, the hanclLes rerÊ 30cm 1oag, and no

agmagas formeil.

In the ryÍnter

an un clisturbed

aþove the grounll

subnivean spacê,

TT. TEI{PENAT{'RE I{EAS{IREUENTS

of 1973-1974, tuo thermistors were fixed in

location besi-cle each transect. Onê flas lcm

surfaee ån the upper portion of th+

ancl the other on the soil surface, Tên-
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perature rea¿liRgs ltârÈ taken with an ohnmeter {ilisadvantaqes

of which are discussed in Àppenôíx 3-1, Aitchison 19741. In
the uinter of 1974-1975 three pulsecl temperature telemeters

{HacKay 1968) , hereafter referred to as Itclickersrr, as

described in Appendix 3-1 (Aitchisou 19741, $€rè placed at

each síte: the first as a ccntrol 2n away from the transect;

the seconcl at a trap that hail not procluced unusual results
tlurinq the first uinter¡ and the thircl at a trap ¡,rhich hail

procluced unusual results in the first uinter. Tenperatures

lrere ileternined f ron the nunber of pulses emitte cl per

ninute, which nerê referrecl back to tbe calibration curvê

for that inclj.viilual clickâr. Àccuracy of the temperarure

rçadings is t 1oC. Têmperature reaclings rler€ taken each rlay

that collections wÐre made.

ln aclclition to the above tenperature readings, clurinq the

second winter eight-inch sten dial therno¡reters (Tel-tru

tlanufacturing Co., Rochestar, N.Y,i range of -50oC to +25oC)

Here insertecl uniler the ring of the trap covêr into the

subnivean space ¡¿hitr+ a trap Has being cleared. The

thermoneter equilíbriatecl by the time the trap uas claareil,
and the temperature îras recorded.

Durinq tha sinter of 1974-1975, tenperatures nithin snoH

profiles wêre taken once a u+ek ín early and late ryinter antl

once evary two weeks in miclrinter aÈ. each collection site,
II clean ve¡tical face of snotl musÈ be exposed from the soil
surface to the top of the snoll su¡face to do a snoï profila;
this profile consisted. of the maxi-nal, urinimal, asd noctal
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thicknesses of snow anil temperaÈures at int€Evals throughout

the sßorù layer, whosÊ sÈparate layers wêEe also maasuracl.

In llarch of each yêar, snolû st,atíon measurenents t¡Ðrç

done vith a stanrlaril National Research Council snord kit

{Scíenee ltorkshop, takeheacl {trniversity, Thunder Bay,

ontario, anil Sarqent-!le1ch catalogue) in unilisturbed snolr

adiacent to the t¡ansect. Once a snoï profile rlas exposeil,

harclness was cleterminecl by pushing clíscs of various sizes

into a snofl layer until the snoï collapsed unfler a sp*cific,
measured pressure; to deternÍne d.ensåty, a speci-fíc volume

of snolr uas extracte¿l and weiqbed on a sprincl halance.

tleasurements of anbíent air terrperature iu oC, snow thick-

ness in cn, sno!Í hardness in o,Z.r" and snow density in qlcnl

at various thicknesses, plus observations of rinil .speeil anil

surface coniliti"ons rlÊre recor'led.

IÏI. AEHOVAL OF SPECTÙ1ENS

In order to minimize dísturbance aucl compaction of the

snow cover, T used cross-country skis ryhes ¡emoyinq speci-

nêns fron traps. Establisheil trails rere followed. at each

visit to avoi-cl axtensive packing of the snow, whi.ch woulil

increase its ilensity.

To coll+ct, the specimçns, the inner removable cup hras

lifted out, and the invertebrates visible to the nakeil eye

llere removeð with either a wood*n-hancÌl-ed probe ¡rhích had a

minute loop of a few stranils of fine copper uire at its tip,
or with leather-shankeil forceps to reduce h*at loss from
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finqers. Specinens from each trap ïere put into a qlass

shell- vial partially f,il1ed cith ethylene glycol, stoppereil,

and returneil tc the laboratory.

In the ¡rinter of 1971+-1975, srrov density over the trap
íncreased only in the arêa pcnetrated by tbe cyl _nclers tsee

the section on snog properties in Àppendix 3-1ì, Despite

the narrow clearance of lcn betgeen the ralls of the two

cylinilers, a sizeable volune of snor{ sometines fell into the

trap ancl clouiteil the ethylene qlycol. Nêvertheless, thê

crystals neltecl in several ninutes, and despite this íncon-

venience, nuch less snow cascacled into the traps than in the

previous uinter ryhen the cylinilers were not usecl. Th* outer

cyli.nder aadl a t,rap atrÐ shown Ín Figure 3-6, In the spring

of 19?5, tco of the 24 hanclles on the liils cane loose when

hoarfrost on the underside of the lid froze to t.he snoil

unclerneath. In one instance, a cro*bar flas neetled to pry

off the li¿l.

General meteoroLoqicaJ- conclitåoas rere consi,derecl prior

to each eol-Iection day. tr{hen the temperature rras beLolt

-35oC with a cind in Ðxcess of 35 kn.p.h.¡ collections ïexs

postponecl untíl the uinil chill factor ras less sevêre. Even

sor it uas often necessary to re-yarm ny hands j-ntermíttent-

Iy throughout the colleetÍon periocl of one day in the first,
winter and a half tlay in the seconcl ryinter.

41



TV" tÀBOFATORY PNEPARATION Of' SPECÏHENS

In thç laboratory each sample ras filterecl throuqh a

Itþ{¡¡wip6rt tissue, washed with distillecl ¡rater, anil speciurens

rer€ removad from t.he tissue rith a fåne camel-hair brush.

specimens were temporaríly stored in a sheLl vial fÍ1led

uÍth 70'/, ethanol. Later thêy were sorted to fanily anil

count.ecl. Representative indivictuals sÊre preparecl accorilinq

to Beirne {1955) and sent to varíous taxononic authorities

for nore precÍse ictentificatíon.

In I'larch of each year six representative samples consist-

inq of snos inmeiliatçly above the subnivÐan spacer or.

rrpukakil (PruÍtt 19?0) , and about 1 cn of soil and. litter
were renoved 2n eilay from each transect, These samples

provided an incticatíon of activíty, variety, and density of

aninals present on the soil surfacÊ. During the first

wínter, these sanples rrere storeil ín a colcl room at zoc ancl

loryer for two clays prior to extraction in modifiecl tlacFadyen

funnels uith a cool collection chamber for seven clays

(l{ac?aclyen 1961). fn the seconcl winter the sanples !Íere

placecl in the *xtraction funnels imnertiately after arrival
at the laboratory and left for onê ueÊk.
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Figure 3-1

l{ap of nature reservë anil transects in the grounils
Canada tafarge Cement Co, ¡ Fort Hhytê, Hanitoba,

of
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Fi qu::e 3-2

Rirlqr-'; transect- lA) lookinq'r,rÇsr scuth-wcst írr âar1y autumn"
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trilood s tra ns+ct ,

Figr:ra 3-3

showinq lran 84, lookinq north"

¿r5



Il*,

i'i nadogr trans.lcto

Fi qure 3-4

shnr,Eino trap cB; laokinq south,
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Fi qur,: 3-5

Trap L2 on rj-r1qr¡ transpct, showiirq rinq and 1id.

t+7
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À Sanpling Technique
Southern ltanítoba bT C.

Àppendix 3- 1

for Âctive Subnivean Invertebrates
l{, Àitchison {19741 .
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A SAIVIPLING TECIINIQUE FOR ACTryE SUBNMAN

INVERTEBRATES IN SOUTHERN IYIANITOBA

C'W. AITCHISON

Deparbmôn t of Zoology, Univenity of llIanitoba,.Win nipeg, Manito-ba

ABSTRAGT: A rechnique for sampling subnivian invertebrates ha! been devised forManitoba
. conditions based on a method ùsed originally in Scandanavia. A pitfall trap containing a

removable cylinder is set in the soil and covered with a ring hqlding a lid to keep outmo¡sture

and snow. To avoid excessive changes in the physical properties of the snow cover, two metal

cylinders are inserted into the snow. The cylinder with the larþest diameter is pushed to the top
oi the ¡irtg; the other wìth rhe sl¡ghtly smaller diameter fiti on the lid and allows the snow above

the l¡d to be removed without compaction.

Among the invertebrates c€ltected ¡n the traps havø been three new reconJ¡ for the fauna of
Manitoba.

TNTRODUCTION

Many researchers in the past have thought that insects and other invertebratcs were not
active during the winter, but Nãsma¡k (1965) found ottrerwise. In the past twenty years

techniques have been devised to study winter activity Ín the boreal regions (Heydeman¡

1956, Nåsroark 1964, Breymeyer 1966). A modification of the method of sampling
previóusly used in Scandanavia is discussed here. This modification vras necessar)¡ because of
ihe different snow cha¡acteristics in Central Canada. Apparently the properlies of snow

cover create an envi¡o¡ment in which certain invertebrates can remain.active throughoutthe
winte¡.

Those conditions whlch favor invertebrate activity during winter are temperatr¡res near
gog and a higlr felativ6 humidity. Snorv cover, when at a cert¿.in thickness, insulat¿s the
g¡ound from Jeve¡e temþerature ôhattg"s and maintains a temperatu:e nea¡ @C. Also under

the rnow tho relative bumidity is high (Coutianos and Johnels 19ti2, Nãsmark 1964).

PBOPERTIES OF SNOW COVER

Snow cover ía really an ecotone between two very diJferent envi¡onments: the dry,
very cold, and someti¡nes rapidly moving ahoospheric air, and the moist, relatively warm'
anð sþbtó ai¡ of the microenvi¡onment under the snow (Coulianos and Johnels 1962' Pn¡itü

f g?0). Formosov (1969) defined snow cover as "an emulsion of ai¡ and snow flakes . . .". A
blanket of snow iroulat"s the subnivian space (i.e. the space between the soil surface and

snow cover (which may be 3 to I cm high, Coulianos and Johnels 1962), from the
uracroenvironment.

The fi¡st parameter ruhich has a Eajor effect on ttre insulation of snow cover is density-
Snow with a lów densiþ provides greater inzulation than snow rvith a high densþ (Rikhter
1954, Formosov 1969, Pruitt 19?0). Due to the low thersral conductiviþ of snow' a
tempãnhue gradient develops in the snow cover between the source of heaÈ in earth and the
supranivian air lFormosov 1969). The rnovement of water vapor along the temperature
gradient produces con<lensation on the colder crystals, changing thei¡ structure by making
ãhem larger and more ror¡nded (Rikhter 1954, Geiger 1965). Iüetamorphorosis of Snow
crystaìs o."*r witt time, causing an inciease in density. (Snorv density may be defined as

ttre ratio of the amount of ice in ¡elation to the amount of ai¡ in a given volume' and snow
ha¡dness may be defined as th'e :mount of force needed to collapse the intercrystrlline
bonds.) Furtiermore, the snorv cover may increase in both harcl¡ress and density (Rikhter
1954, iviliams and Gold 1958). Snow denliry is also affected by air and snow temperatures.
Williams and Gol<l (lgb8) foúnd that higher snow densities were associated with shallorv

I
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snow cover and exhemely variable rvind and temperature conclitions, such as those on the
prairies and on the a¡ctic tundra. In these conditjons there is a mavìrr¡um heat ercÌrange
from the grorurd to the air.

The seconcl palarneter ivhich affects the insulation provided by snow cover is thickness.
lVhen snolv thickness is 20 cm approximately or more, the subnivi¡n environrnent is stable
and independent of the m¡¡croenvi¡on¡nent 1{ViUiams ancl Gold 1958, Cor:lianos ar¡d, Johnels
1962' Geiger 196ã, Forsrosov 1969, Lhritt 1970). Pruitt (1970) hzrs labetled this cruciat
thickness factsr as the "hiemal threshold", i.e. the snow côver thickness at rvhich the
subnivian envi¡orunent is insulated f¡om the diel fluctuations in a¡nbient temperatures.
Snow thickness in excess of 20 cm does not increase the insulaiing po\yer of .the snow cover
significantly, unless density decreases and thus decreaees ùhe heat loss from the ground,

. (Coulianos a¡¡d Johnels 1962, Geiger 1965, Pnritt 19?O). '

To quantifu these data on snolv cover in the present study, a National Research
Council sta¡dard snow kit was used. The parameters of snow thickness, gtain size, surface
cohdition' rvind speed, snow profiles with densiþ, ha¡d¡ress and temperature readings from
ùop to bottom in the snow cover a¡e obtained.

coNsTRucTtoN oF p¡rrnllrnaps : -

' Ba¡ber (1931) devised piüall haps consisting of a jar filled with a non-repellent
preservative for cave.inhabiting insects, and modiñed Ba¡ber traps were used in this pioject.
Modified Ba¡ber traps were used by Näsmark (1964) and Breymeyer (1966), rvho iited a
small, inner, removable cup containing a small amount of presewative, inside an outer cup
whose upper rim rvas level rvith the soil su¡face. Näsma¡k (1964) also ptaced a cover ou"t tfi"
trap site to keep it Èee of snow. The cover consisted of a.ring of plyrvood supported, by
th¡ee small legs (4 cm high), and a cenhal masonite lid (see Figure ff. 1'ne pt"r"*ãtive ureá
in Manitoba was ethylene glycol, since it is non-repellent, does not freeze at -BgoC (when
pulled out of the outer cup to remove the specimens), and does not deteriorate ouer å lottg
period of time.

During the winten of 19?3.1974 and 19?4-19?5 inve¡tebrates have been sarnple¿ using
the method described above, at the fenced property of the Canada Cement Lafarge, ttd. i;
Fort Whyte, Manitob¿. Because ônow conditions a¡e very different in lüanitoba t-han those
in Scanda¡ravia, modif-fcations for removing the inverteb¡ates from the traps were mqfle in
the rvtnter of 7974-1976

Du¡ing the winter oi 7973-1974, the disturbance of the snow on the tid of a hap at
each sampling occasion led to a considerable inc¡ease in snor¡r¡ ha¡dness at the trap site. this
c-hange in ha¡dness probably ¡esulted in heat loss. Hence each trap site was probãUty colder
than the sunounding soil surface, and this may have affected the catch. Towards sþring the
snow cover was so dense'and hard that iü was necessar¡r to saw out wedged+haped blocks of
snow to uncover the lids. Snow densiþr was found to also have increased at the trap sites.

To minimize this change in snow ha¡dness in the winter of. L974-1975, a paÍr of tt¡in
galvanised iron cylinders have been used. In very soft, friable snow both ure *eã; tbe outer
one whose di¡meter is slightly greater tha¡ that, of the lid prevents the surrounding snow
from falling into the bap, while the in¡rer one whose diamãter is less ttran tt¡at of the lid
retains the sofù snow immediately over the tid. A handle about 20 or 30 cm longhasbeen
fitted in ttre centr¿ of the lid. By pulling it to remove the lid, the inner cylindãr and the
snow inside are removed with minimal distu¡bance. In ha¡d spring snorv, it is expected that
only ttre irner çylinder, w¡th saw-toothed edges, will be neecled. In this way the ha¡dness of
trhe ¡rrow above the lid reroains much the same as that of the sur¡ounding snow cover. The
only disturbed a¡ea is above the ring where the cylinders ha':e penetrated.

In late .winter and early spring, hoa¡ frost accurnuiates on the underside of the lid,
freezing the lid to the ring. The longer handles allow more leverage to be applied and thus
make iù easier to remove the lids than in the winter of lg73-1974.
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MAsON ITÊ

Figure 1: Transverse sect¡on through the trap- Measured in cm (after Nãsmark

PIYWOOD RING

--_1NER CUP
EXCHANGEABLÉ

L

Figura 2: Cirorit diagram of "clicker" telemetry transmitter component schedute:

O: MPS 3704 (Motorola) Silicon general purpose NPN transistor
Gell: 1.35 volt mercury cell (one cell of type TR 1 33R battery, manufactured

by Mallqty).
C: 1.5 microfarad lantalum electrolytic capacitor (15 W.V.D'C' ratingl

B: YSI #44014 (Yellow springs lnstruments) precision therm¡stof bead.

300 kohms at 25oC.
L: Coil of 180 turns, single layer closely wound #32 w¡re,0'5 cm diameter

by 1.5 cm long. Approxim ately 2-2millihenries.

fr964l.

Hs
cet[
1.35 v
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TEÍVIPERATUR E MEASUREMENT

Dwingthewinteroflg?3-lgT4,thermistorprobesandalohmmeterrvereusedfor
temperature *"*,rru*.J Since ohmmeters becomó inaccurate ai temperatures below 4oC'

they rvere replaced d*i|u.¡f,;l;¡,¡";oi tg:¿-tSZS by a simple radiotelemet¡ic device called

a .,clicker,,. It is a¡ "ri"r.¿ 
simplification of tho ci¡cuit used by Spencer (1968)' (see

Figrue 2 for specifi""ti".J. î tä"ãirøt radio, tuning to 535 to 1605 kHz, makes a suitable

receiver for the ¡road-beåm AM radio freqúency pulse emitted by the "clicker"' The

numbe¡ of clicks 
","ift"ã 

p* "¡""t" 
uari., aite"uv tiut temperature (NlacKay 1968)' Each

clicker has. a range 
"t-u¡J"J 

oô "., so that reaclings m"y l" taken above the snow cover,

without disturbing the snow-

INVE RTEBRATES CO LLECTED

The invertebrates collected in the traps have been mainly collembola, Acarina,

Araneae,andStaphylinidaeinthemid.winter.^othergroupslvergatsocaughtinautumnand
spring. The value of tuis method can be demonstrateãby the fact that three new records for

U*i[o¡. tt"uê been recorded. They are as follows:

1)Neanuni.mwcorum(Templeton),.(Collembola:Poduridae)'determinedbyW'R'
Rich"rdr, B;;;;-àti", 

-i"r."ürt Instihrte, ottawa, taken 17 October 1973

from a ridge between 2 Ponds'

2) StenammadiecÞi (Emery) (Hymenoptera: Formicidae), determined by G.L. Ayre,

car¡ada AsiJtÀã"r""àt stadån, winnipeg; taken 17 October 1973, from

scrub oak-asPen woods'

and 3) Lamycetes sp- (Chilop-oda: HenicoPidae)- aeþrr-nin3$ ty R'E'

Depantment ãi n"ø-ä1ory, Smithsonian Institute, IVa-shtngton'

24 October 1973, ftom a small meadow'
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Table 3-1

Ðominant Plant Species on the Ridge {A)

SC I ENT TÍ'IC NÀ ü E

ÀBdgotogog geqgldi Vitnan
EIJ¡nrus sp,
Jggeug sp.
Pge p¡elensig I.

Àsbif,]Êe sil-}eÉp].åse L.
Aglgr sp.
èSlgeggfus go-pigtug Nutt.
llgeigg aEggnsg {tr. } scop,
leliêEllus ¡exånilllesge

Schracl,
l.tÊligLug Ê3&ê Desr,
Pqlegli]lq ensgri-la t 'Ssli4ego ÊÊ-uoç91¿s Ait'

var. dgegmffora Pern
sggqhuE gEvenEås I,.

Rosa ÞIg!Êe Ait,
Þa!!¡ å¡!eråp.¡ Rovlee

COÌ{T{ON NA HE

biq bluestem
wiltl ryÐ
rush
Kentucky b1uæ grass

yarro u
aster
purple milk-vetch
canada thistle
narrofl-leaved sunflowar

uhite slreet-clover
silverweecl
shory qolclenroil

so lr- thi stle

smooth trose
san tlbar wi.l1o'¡
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Table 3-2

Doninant Plant Species in the llooils (B)

SCÏENTÏFÏC NAT{E

Pea pratÊgsis L,

Ag€$one sÞ.
Àsleg jgggilgsgåS Byiltr.
giggåUg aEgÊBse {L.) ScoP.
lypElls{"igs salggsluÊ f,'

1râr¡ pêgg¿flgElrn {SaLísb.) Fern
caliug -þggeglg L.
llg¡agigm canadeneg Þ!i.chx.
Iteliolug ef,Þe L.
l,lgnlhg aEgeneis L,

Banunculgs sp.
sgg¿gslê gerålêgêlcar.
ês!åüess cesagqss¿s L.
Egnchqs grge4gis L,
Ihelåqlgm genulosgm Trel.
ZL4LA aplgra (Gray) Fern

Co$ngg Slglgn¿EËtg Þlichx.
Rlus sadlgg¡s L.

vâ.8. ¡ydþe¡gii lsnall) RÊhd€r
Egsa þlAede Ait,
lefix þcþþåana sars'
åalig !Ê!åolasís smíth
-IåþurgUm Letlege L.

Àgeleegåieq efgiÉ-lsge Nutt.
egrglUs êggrlgagg I{a1t,
Ee.pglgg ÈeËgglgidee t{ichx.
Prgnus figgiApg L.
ggeggge nggEogêrpg 1'!ichx.

var, gjllggA {Benth.} S, R.Stewart

cotlttloN NA ¡!E

Kentucky blue grass

anenone
rush aster
Canaila t,histle
snall yellor¡ lat{yrs slipper

Northern bedstras
canad.a hackree¿l
vhite sueet-cl-over
ryild mint

buttarcup
snakeroot,
graceful qoldenrocl
perennÍa1 sow-thistle
veinv mead.ou-rue
heart-3.eaved alexandra

red osier doqwooil
poison ivy

smooth rose
beaked wi].low
basket willow
nanny berry

saskatoon
Aneri.can hazel-nut
trenbLing aspen
red-fruiteit chokc cherry
bur oak
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Tab1e 3-3

Doninant Plant Species in üeatloc {C)

SCTENTTFIC NÀI.1H

Jgncgs Þ41!iggs wi1ld..
vâEr ngglAggg Engelm,

Pgg praleqsís 1,.

Àchillea nrillef olium t,
ÀSlgl pegs-gs {Blake} Cronsuist
Çåfgiug arveg.gg L. scoP.
elggfffhåge leeiêela {Nutt.) Pursh
ralhggue vgnoFuË i{uh1.

vêr. åglgæUg Butt, and St. Johü
$ClleL"gS eIÞÊ DÐsr.
Sqnghus aggggs!ç r..

*Bopu]gs lgeggfeiùeg rlichx.
Êgga acåcglagÈs Lincll,
**5gUpbgrlgaEpos Lgg.åÈggÈ¿lle Hook .

cou¡{oN NÂl{E

At south enil of t¡ansect only.

#* Saveral plants in clurnp at mitldle
the fourth trap,

Baltic rush

Kentucky blue qrass

yarrou
many-flowered aster
Canada thistle
wilû li-cori ce
ril¿ pÊa vine

white sryeet-clovær
perennÍal sow-t hi-stle

trenbli-n q a spên
prickly rose
flÊstêrn snowberry

of trans€ct, 0,25m from
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Table 3-4

Percentaqe of TegeÈation cov€r After teaf-Fa11

HABTTAT

Ri dge

lloods

He a do¡¡

{20 quad.rats}

{100 guadrats)

{100 guadrats)

16 GROT'ND
COVER

rA GRÀSS
COVER

7 9,25

9-l .10

g?" 80

% SfIRUB
CÛVER

46. ?5

73,49

69.75

% TBEE
ccJvBa

9.60

28,9-l

14. 55

0.ó

7"5

0.o
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Chapter IV

gEgPE¡Àlg RE_gIÀÞU3EgEgr5_ g r{lg3_gugfl _Àr q, EggBgÀ!_qsÀDI Eggs

gI TE3 g-E.U-E-5 N g g 
- TATEE

A) Çe]!þ¡e!ågs_gf_legpsçaturÊ-ilga.sgriss_Ðes¿sêg

observations on temperature rdere made under anil in thr+

snotr cover clurinq the two ¡rinters of research. During the

first winter, thermistors ilêre calibrated prior to and after
fiel-ri work, Calibration ¡"ras nade by using a slanclard curvê;

the relationship between temperatu¡e and resistance in ohms

being non-1inear. this is partj-cularly noticeable in th*
wide range in resistance at low tenperatures such as -20oCt

or lower, uhen readings may be inaccurate {sÊe Àppenilix 3-1,

Aitchison 1 974) ,

During the sçcoad winter rrcllckersil rlerê calibrated prior

to and after fielil work. The threshold of low temperature

aetivity of the nclickersrr rangecl f rom - 1ùC to -12oC. As

cne clj-ckçr of the three oD the ridqe did not function below

-1oC, it ernitteil pulses only at the sÈart and end of the

tvinÈer. Fiqure 4-1 shor¿s a linear relationship betueen the

number of pul-ses per minute and. temperature. At low

temperatures, the mÊrcury batteries havè a life of norê than

twelve months. À1so thêrê llas grÊater variability of

reatlings at low temperatur+s for thermistors than for

54
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cl iekers.

B) åSÞgigean-!e$pgEatgrg-anS-sgprqniyeag-Egmpegatu¡g

The subnivean temperature, T{s), is that of the subnivean

space under the snow. The SüFËâI¡ivean tenperature is that

abcve the snowr ot the ambient air tenperaturê' T {a) ' The

ohmmeter $as not available on the 12 and 27 of Decêmber'

19'73r so that Tls) could not be taken on those clates. À11

clickers at coDtrol stakes in unâisturbed snoÌt remained

funetional throuqhout the seeonð ryinter. As reaclinqs of

T ls) lrere not made daily or contj-nuously, r€sults may be

distorted. ¡lean daily T(a) i-s given here, anil variation ín

T lsl recorded whenever possible.

Due to thc lot¡ freguency of observations of temperature

reailings ín this study, th'e assocíations of a specific T(s)

with a sou¡owhat earlier-recorded T{a) must be regariled as

relative, not absolute, ilue to the tirue laq in ilavs as the

temperature movgs through th+ snÐll cover. Lol,l temperaturæSt

stormsr ErDd triqh ninrds on the study area strongly influçnceil

cbservations, Hhich therefore r,l€le biaseil' in favour of

rising or higher T{s) rs. Henee correlations between activi-

ty of invertebnat€s and T(s) are relative and Bay not be

va1id. Continuous recordings of T{s) and the known presencÈ

or absence of invertbrates ryoulcl t¡ave eliminated this

problen.

In 1973- 19-14, the nÐan daily rrinter supranívean tempera-

tur+, T {a} , varied gleatlv in contrast to the snall fluctua-
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tíons i¡ the mêan T{s) for all habitats. Subnivean t.enpera-

tures Here recorded once snon covÊr becane establish+r1 on

Novamber 1. Gen*rally, the winter !{as cold, with a nean

tempenature in Januaxv of -22.49oC, 4.29oC below the rrsual

nêan for that month. DurÍnq the remaind.er of the '¡inter anil

early spring {snow lastinq until the 19tb of Aprí1-), T{a}

approached the no¡ma1 ranger

Drcps in 1{a) fletre usually folloryect several- ilays later by

di ps j"n T {s) . Durinq the first winter , the T {s} ranged

betveen 0o anil -90C (âxclucling mid-¡pri1 terîperat urës) and

averaged about -4o to -5oC for al-l habitats" uhåle the T{a}

ranged betweea +0.60 ancl -35,6oc {Fiqure 4-21 .

The T{s) on the ridqe fell beloy OoC in late Novembar tÐ

-?oC by mifl-Decenbetrn and stayeil 1ou until niil-March, lrit,h a

minimal T (sl of -9oC recorclsil af ter each T (a) of -31.?oc anil

-20oC, rËspÐctively {Figure 4-3a). These reailings may not.

be r€pr€sentative as the therrnistor was locatecl in an area

which hail reiluced snow ccvÊr because of ryinil, Snor¡¡ thick-
ness Has below the hiemal threshold on the 19 Decemb€r,

1973, anil 9 Januarv, 1974.

In the uoods, the T{s) remainad jusÈ belou OoC until late
November anil fe11 to -5oC on Ðecember sth, concurrent with a

drop of T{a) to a mean of -20.0oC on the 4 December {Fiqure,

4-3b). At that tímç the sno$ thickness varied from 15 tÐ

20cm {fiqure 4-11b} , whÍch is less than the hi.emal thres-

holcl. Fron then on, tha T(s) stabílized betueen -3,5o and

-5oC, until it beqan to rise tosarils the çnd of February.
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on the 28 Marchr thE-" T ls) fel-l to -6oC, after a mçan lolr

T (a) of -2'7 .9oC on the 23 l{arch. T {s) xose in tha late

winterr/earlY sprinq.

In the meailow, the T(s) was the hiqhest aniÌ most sÈab}e

of those measurçd {Fiqure 4-3c). A suclden clrop in T{a} to a

mean of -33.goc i-n early January sac the T(s) drop to -soc

tso tlays Later, anrl aqaÍn in early FËbruary a drop i.n Tla)

to -31.?oC preceeilerä a drop in T(s) to -5oC tso tlays later.

The sam€ relatíonship was seên aga5.n in late l{arch, with a

laq of five ciays before the clip in t{s). In late February/

æa¡ly üarch, ttre geaeral rise in T{a) sas folloned by a rise

in T{s) to -0.soc.

In the 197 4-1975 winter snolt cover lras not perrnanent

until December 14th and lasted untj.l the 17th of ApriL'

Generally the early and midwinter períoct was mild with

occasiona.l- rlrops in T {a) to belor -20oc' T {s) f or aLl

habitats rÍere colrte¡ than the prevíous year, ranqinq fron 0o

to - 10. 5sC, and avçraging about -5o to -6oc , w hitre T {a}

ranged betvean -SoC to '29,4oc, Lors i,n T (s) of. -9oc and

-10.5oC occurred two ancl f our days after clrops in T{a} to

-27.8oc, -29.lloc an'1 -23"9oc' rËspectively' A Harn psriocl

with T{a) of -3.goC occu¡rad in late February' followed by a

coLl I{arch antl early Àpril, wi.th teuperatures hoverinq

betwee n - 16 .7oc and -29 . 4 oC. Î'lone the less r sDolr me lt Has

almost conplste by April 1?th"

tlid-Dec*mber markeil the first T {s) for the winter'. In

early Decemberr the f {a) began to clrop' once dorn to -15oCr
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ancL the bare soil surface teurperature f,eII to -9oc on the

ritlqe (Figure 4-4a). As the snou cover qradually indreaserl

frcm the tiure it becam€ pêEmanent, the T {s) rose ancl flas

steady at around -6oC for miilginter, Despite the low T{a} ts

in Harch, the T {s} rs continued to rise and shoired a

relationship to T{a} in lata Harch arrtl early April.
Both rvoods anil neado¡r revealed a sj.nilar pattern (Figures

4-4b and l¡-4c), thouqh th* T{s} ilere slightlV histrer

throuqhout the niil¡rirrter (about -5oC) ancl fluctuatecl morç in
anplitude. T{s) in late uint.er rose more markeclly in th+

wooils than in the meadory.

Many researchers noteil that T{s) is morÐ st,able than

T {al , which fluctuates widely {Keränen '1920, tltai1 1932,

Rikhter 1954, ilill-iaus and Gold 1958, CouLianos anil Johnels

1962, Ylinräki 1g62n Geiger 1965, Pruitt 1970). Thís rela-
tionship also cccurrecl in this study. Suriden drops in T(a)

trere followeil by corresponding s¡uaII decreases in T{s), tryo

to f ive clays later, a dela yed response of T {st simíl-ar to

that reportêil by other workers {Keränen 1920, t{acKinney

1929, Pruitt 19701. Fuller gt 91, {1969) mentioned T{s)

$ras never complet+ly inclependent of T {a}, as is substan-

tiated by th* results given in thj.s chaptei {see Fiqures 4-3

an il tr- 4) .

c) 3.be¡se!-9¡e4!ee!-is-E¡-sg-Çoyes

A thernal gradíent lras establÍshecl in the insulating snoÞt

layer (se€ Figure 4-5) . During mid.- and late r*i-nte¡ in
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1g'15, these tenperatures ïËre measurecl j-n unclisturbed sno}l

cover in all habitats ' The rnethoal of neasurement of

temperaturês by long stam, dial thermom.eìer is shosn in

Figures 4-6 and 4'1. Temperatures in the top of the

subnívean space end closest to the grouncl uera takæn in
rrpukâkrt or large rlepth hoar crYstals {Pruitt 1970) , and arÊ

marginally 1oryer than T {s) .

on the ridqe î(s) ts varied consiilerably in micl- anil late

winter, ryhile t.he tenparature j-n the top 5cut of snoe¡ t¡as

between that of T(s) and T(a) (supranivaanl (Fiqure 4-8aì.

In late January, the snow proved a re¿so¡table insulator

against the T{a) of -25.0oC' Àt 30cm in the snoll cov€r t'he

temperature itropped to - 1Bo C f rom a T {s) of '7oC , a

differencê of 1loC in 30 cm of snoy, lowards late March,

the snoç hacl a honroqenÊous texture, and no thernral grailient

occurred in it; all tenperatut€s werÈ -zo!. This particular

arÊa was exposef, and had the most dease snoil, with àhe

poorest insulaticn compareil to the other two habitats. The

temperature ctif ference betrqeen T (a) anfl T {s) is a fu nctÍon

of the j.nsulating polger of the snoÍ covêr; a qreater

temperature difference j-s associated r¿ith greatêr insulatinq

eapacity (Fiqure 4-Bh) r

In the sooðs Tls) rs Ì¡€rË nore stable {Figure 4-9al ' anil

the insulatinq eapacity of the sno$ greater, âS shown by

greater temperature d.iffe¡encss between T{a) antl T(s} . In

both the wnods anll the mearlow, thê snotÍ !ùas less dense than

on the ríclqe ancl hence hatl a q¡eate¡ insulatinq capacity
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{Fiqures 4-9b antl 4-10b), Tn late January the t*mperature

i-n the snoÐ covêr 40cm above the soil surface was -1BoCr

while the T fs) flas -3oC, a dif ference of 15ÐC. Àt that tirne

the T {a} was -25oc. Fron thæn onr snow became denser, untir
in early Àpril the tenp*rature difference t¡as 24.5oC, ryith a

T(s) of -1oC (Fiqure 4-9h). Throushout the late winter, tha

insulatinq poflêr of the snow cecreaseil as i-ts clensity

increaseil, until mirl-April ryhen all- layers within tha snorr

cover $êrâ at OoC.

The snolr '¿as also a good insulator in the meaclo}¡ as s}¡oryn

by the large temperature dif ferencc,s {Fiqure t+- 10) .

The presence of a thermal graclient in snolr eovêr is
well--<locumenteil (Keränen 1920, Rikhter 1954, t{ellor 1 964,

Geiger 1965, eruitt '1970) , and indicates the insulation
provided by thå snoil cover. Iiêre a large temperature

differenee (exceedino 15oc) inrplied, sood insulatinq proper-

ties, while a sma11 temperature clifference implied poor

ones.

D) SgbI!veeg_rggpÊEatq¡e_4nd_sggg_Çove5-!båg.Enegs

The amount of snow cover ,luring the sinter of 'lg?3-1gjq

rlas 2. 5cm more than av€rage for last thirty years r It
occurred over the usual span also, fnon late OctohÐr to
mít1-Apri1.

0n the ridqa T {s) dropperl steaclily and. remaineil at -7oC

to -goc in midwinter, also a períotl of int.ense colcl (-20o to
-30oc) (Figu.ra 4-11a) . Iilind action on the ridqe above the
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pon{s causefl snoÞt 'leposition to be unev+n, varyinq by 40cm.

Sone parts of ths transect had 20 to 25cn of snow while

other hacl ovÐr 60cn, clue to drifÈ formations arou¡lcl isolatetl

shrubs at the wêstern enð. This Snor¡ was harcl and dense

Hind slab. The sno$ neltetl in earlv Àprj-l in about ten

da ys

In the woOds where vi"ncl l¡as minimal, sr¡ow cover t,las less

variable fthe usual variation was 5 to 10cn) antl less dense

{Fígure 4-11tr} . The variation in T {s) was ÊspêciaIly larqÊ

anrl noticeable in early Ðecem.ber when the snow cover t.las

below the hienal threshold, and. in early l{arch nhen the snow

density increaseil itue to ûetagorphisn. Tbe T(sl ryas stable

at -3oC for most of, the winter; coliler temperatures ¡{erÐ

usualLy recortled by the thermistor 1cm above the soil

surface.

the. nÐa¿lost llAS lhe Area of most snolr accumulation, uith

up to ?Ocnr {Fi-qrrre 4-11c) . T {s} varied nore vith T la) than

in the soodsr y*t ¡tas naintainecl at roughLy -3o to -4oc

durinq most- of the col{t míðwinter, Tenperature fluctuatÍons

occurrinq in late winter appear to be ínfluenced more by

T{a) than by sno!{ col¡Qtr thickness¡ hot{Êver, 4L that sÊasoD

the snow hact increasecl consiilerably j.n ilensity.

During the winter of 1974-1975 little snowfalL occurrelL

in aarly wintar, but 41.3' r¡f the total snor¡fall fe1l drrring

January. By the end of the uinter the total snog cover ltas

only 3.5cu less than the avÊragÊ of 126'5cm. As a conse-

guånce of the late åppearancç of pêr$ansnt snoÞr cover, the
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soil sürfaes tenperature l¡as low beforehand.

On the riilge the snoH cover increased in Deceurber and

January, but generally LIas thin {not norê than 45cm} { Fiqure

4- 12al . Evên sor in sríd-.fanuary ancl late March the snow

cover in p3-aces Has belor.¡ the hiemal thresholil of 20cn. fn

January a corresponrlinq drop to -1Ooc j-n T {s) ensued, while

ín late t4arch the T {s) rcse to +ZoC, perhaps due to

insolation of the sno$ cover as the T(a) tlas loc (-20,3oC).

From Febrnary until late April, T (sl rose, except for a dip

in ear l-y April.
In the woods snow covËr accumulateil less rapidly than on

th* ridgs, due to reducerl wincl action .{Fiqure 4-12b} " By

midryinter the thiekness r,,eachæil a naxi,num of 55cm. In late
l.!arch snoï thickness decreased again, and an inerease in

T {s) occurred ae cn thc riclqe. Generally the T {s} varieil

between -3o to -6oC throuqhout mid- and. late sinter. By

mid-Àpril Tfs) began t,o rise; then in the thi.rd *eek of

April +-he soj.l surface temperature had ris*n to +3.50 ancl

+4 oc, accompanied by a si-nultanÊous ilisappearance of snolr

cover. This is the usual pattern of events in spring ín
ea ch hab itat { F iqu re 4- 1 2b } .

In the meadaw the sno$ cÐvêr accumulated gradualLy in

midvinter, up to a naxj-mum of 50cn {Figure tl-12c1 . Th¿Ð

greatest snotr thickness *ach u¡inter ãccumulateil arounil

snowberry bushes in the middle of the transect. In some

aroas al-onq the transect the snow thickness did not *xceefl

the hiernal threshold until the enil of Jarruary. Previous to
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that tíme in late .Ianuary, T {s) fluctuatecl more lridely' hy

about 30 or 4oC, reachinq a minimu¡n of -9Ûc' The general

T{s) throughout níclwinter ranged betreen -4o and -90C,

intermedj-ate betneen T (sl j-n the wood.s ancl that on the

ridqe. Àqa-n in nirt-uarch a sudden declíne to -goc in T{s)

occurred without a change in snow thickness. In the thirtj

rveek of March, T,(sl rose' sharply as the snow thickness

'åecreasecl. Àt, the end of Uarch a fa1l of, T (s) to -goc

occurre d three days aftçr a itrop in T 'la} to -7tl,soc" April

!ías characterized by a stoacly lncrease in T{s) and soil

surfaca teurparature as thç snot,t melted.

Generally the snos thíckness was greater during th+ first

winter 140 t,o 6CIcn) than durinq the second {30 to 50cn), and

T{s) ïere also higher in the first with the exception of the

ri"dge. This latter discrepancy is probably partly explaine'L

by the location of the th*rnistor stake {vhich ltas often

below thê hiemal thresholtl) and partlY bv the qreater snolr

tlensity. Figrrres 4- 11a t.o 4-12c reveal that a snow thick-

nèss qreater than 20em gavÐ sone protection aqaínst T la) r

while that less than 2Q cn (Fiqures r|'11b, 4-12a and 4'12c1

provideil much 1Çss.

The variability of snory thickness differs from vçar to

T€ar {as seên here) and fron place to place1 Ð.Ç' in

anmanas (Pruitt 1957, Fuller Ê,! 91" 1969). têss snoryfall

ís encounterecl in ar€as vith treæs, while fielils and thick

brush nay have h+avy dri.fts {Rj-khter 1954) ' }lorQ snoll

occurred in the neado+¡ due to the rrshadou effectrr of the
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trees catching snûr{ i n thr* woods, âs d.escribed by Geiger

{1 965) , The most variable deposition occurred on the ridqe

which rr¡as subjected to wind actíon.

Snow is usrrally hard-packed in exposed areas, vhile

loosely packad in for*sts and fiæ3-ds {Rikhter 1954) , 'thich
corroborates the clata prËsënt+d here. Increaserl densit,y

resulting frorn strong vind action produced a hiqher thermal

coniluc tivity ancl qreater heat loss {Filliaurs anil Golil 1958} ,

This, in tur¡, results Ín low l{s). Coulianos and Johnels

119621 observed a rlecrease in the size of the subnivean

spacÊ j-n arÐas exposed to strong ¡sind. This relatåonshi-p

may partially explain the low T ls) and. low catches se€n Ðn

the ritlqe in this study.

F) Propg¡ties

In !5arch, 1974t canplete snow stations hrere done for each

habitat {tahle 4-1} . The ¡iilqe had the most sev€re subni-

vean habitat, uith uin'd-packeil snorl. T {s} of -6.5oC, a

harrlness of 600 g/cnz, ancl a density cf 0.300 g,/eml, By

contrast the ¡lcods and neadow $erË more favourable habitats,

uith T(s) of -0,soC and -0.25oc, snol¡ hardnesses of 15 to 25

glcne and 20 to 27.5 e/cnz, ancl snolr ilensities of 0,260 and

0,280 q/cral, respectivel"y. l{ost inportant here were the

readings of snow hardness at the trap sites: 1000 q/emz on

the ridqe, 400 9/cnz in the wooös, and 550 q/cnz irr the

meatlow. The week!-y disturbance of ûiqgín-q in the sîor{ covër

rlown to the 1it1s causað considerable sublirnati-on anrl recrys-

.64



tallization of snot{ crystals, thus increasing its harilnÈss'

Density is not synononous with hardness (seÈ Appcndix 3-1,

eitchison 19?4).

In March of 1975t partial snow stations trere taken at

each hahitatr âtrrl the pertinent paramÈters neasured {table

4-2\. Tha snor{ Has exceptionally heavy and wet on thaÈ day,

givinC hiqh ilensity rearlinqs f or all habitats. Thu s the

T (s) for all habitats were not representative of tenpera-

tures encounterecl ilurinq mcst of Èhe winter. r{ith the use

of, cylindars to çmpty traps, the snow cover above the Licls

vas mueh less tlisturbetl, and gave snoí densit j-es of 0.310

g/cnt on the riflqe, 0. 340 g/cm3 in the woocls, and 0. 300

g/cn¡ i,n the mÊailoï. these results werë sliqhtly grÐa+-ër

than those taken from undistr¡rbed snoll acljaeent to the

transect. these sno!{ norphol6qY observations wÐre too few

to bE of significance,

llthouqh th* hardness t'êa¿lings at txap sites ¡têre t.aken

in 1974 and clensity reailinqs in 19'15, the order of magnitude

of ilifferences between unriisturbetl snoc and t,hat above tha

trap sites varieil substantially. Iû 1974 the harclnÐss of

snow above tha trap si-tes lla,s almost, twice that of untlis-

turbeil suorr on the ridgç, anü 16 to 20 times greater in the

wooils ancl meailow. In 1975 the diffprences in sno$ density

heÈween the tso types of snow lyerê not of thc sanÊ naqnituile

{larqest dif ference Has 0.290 g/cn3 vexsu*s 0.340 o/"tn" in

the trooils) .

The us€ of the eylinders il u¡ing the seconil w j.ntqar
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prevented a large incr*ase in snow ¿p¡-sity at the trap

sit*s. Ðuring the first uint+r the we+k1y uncovering of

each lid lecl to a considerable Íncrease in hardness of that

snol¡, such that it becane nÐcêssary to saw out wedges of

snofl (Table 4-1). consêguêntly ther* must have be+n an

appreciabl-e haat los-s . Duxinq the seconcl uinter the circle

of snov, penetratçil by the cylinders became hartl' but the

cylindrical vclume of snoll above the tfap site remained at

much the same clensity as that of the undísturbetl snorv cover

{Table 4-21. Thus ít seÐms probable thaà there Ðas less

heat loss from the traps t he second $iater.

willians and Golr1 1195ß) calculated the mêan r¿innip+rl

snorr density to be 0,279 q/cn3 t0.050 g/cns, the highest in

Canaila excapt f or the Àrctic ancl alpine tundra. The

measurements taken in t'larch each year varieil from a }o¡s of

0.265 q/cnr 1table 4-1: woods , 19741 to a iríqh of 0.340

q/en ltable 4-22 trap-sitç ín wood.s, 1975) . Geiger 11965)

stated thal old snolir density rariged betreen 0.3 to 0.5

g/cn3, which conparÊs favourably vith the results hËrê. It

must l:e emphasized that clensity measurenents flêre taken in

1at+ wintär. At this timp snou covÊr is nost densa after

netanorphisn {Formosov 1969}.

The relativ* hunidíty in the subnivean space is hiÇhr

usually 100% (Coulianos and .Iohnels 1962, Fornosov 1969'

Pruitt 19?0). This factor would be beneficial to nany

igvertebrates, çspeciall-y those with large surface-to-volume

ratios such as Collembola.
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Penetratíon of solar and sky ¡adiation into snou oceurs

(Näsmark 1964, Geiger 1965); in fact Hellor {1964} stated.

that It Absorptj-on of solar rarl iation in snou af fect s th+

te mperature ctistributíon layers j ust belon the surf ac* . rl

This explains the characteristic of ttre thermal" profíles in

snol¡ cov€r observed ån t,he spring i,n which the temperature

in the top 5em r¡as relatively hi.qh , about - 1oC , even thouqh

the T (a) uas 3-or, about - 15o to -20oC {Figures lr- 8a ancl

4-9a), Àpp¡oxiruately 1 to 7Y' of liqht ís transmitted

throuqh 20cn of snorü covÊr {Geiger 1965), The qreater the

density of the snoftr covêr, the qreater is the liqht
penetration by long wavelenqths, i.en solar and sky radiä,-

tion {Rj.khter 1q54, GÐiger 1965). Table 4-3 {Budyko 1963)

rlemonst.ratas the sêasonal ehanqes in radiatÍon intensity at

cli-fferent latituilas, wi-th southern Eanitoba at about 50oN,

This increase in liqht int+nsity and pen6tration soulcl occur

i¡ the late *inter when the sno!{ cover uas most densÐ,

onê inte¡esting parameter which eras not measureil in this

stuily is the accumul-aÈion of carbon dioxide uniler snort. As

t.he snc!r cover iacreases in dçnsity, it becomes less

permeable to air. toose, porous sDolc ís sonewhat permeable

to air, r¿híle ice layers in snow cover recluce that permeabi-

lity {Rikhter 1 954} . Since the subnlvean spacê contains

active sma11 mammals, invertebrates and respirinq dornant

vegetation (Pruitt 195'l , 197 Ai coulianos and .Tohnels 1962,

Ylimäkj- 1962, Ni{smark 1964, Formosov 1969, Fuller A! a1,

1969), the carbon dÍoxàcle accumulation may increasÊ uniler
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sDow as winter a¿lvances lPruitt 19?0), probably, tha effect
on invertebratcs is ruinor, compared to that on sma11 mammals

uhich actually construct ventilation shafts to the snou

surfac+ in late wínter {pruitt 19?0). permeability of sno}I

to air i.s not well understoÐd {Geiger 1965} r but i-s is
presentl-y beinq investigated (c. peany, pers, comm.|,

ïn late winter of each yearr problens causecl by the

formation of clepth hoarr or il pukakil {pruitt 19?0} , }rerË

eneountered. As mentioned in Appenilix 3-1 {Àítchison'lg7ql ,

the pukak accuurulated on the usderside of the li-ils, fre-
quontly freezing to the snotr on the ring in temperatnsês

near 0oC. A croll bar ïas reguireil to uncover the traps.
The accumulation of pukak in late winter is due to

metamorphisn oecurring abovç the subnivean space (treränen

192A,- Rikhter 1q54, Geåger 1965) . Evaporati_on of snow

crystals at the relatively r,{arm soil surf ace in the

saturated atmosphere, vapoì)r diff usion alonq ithe thermal
qrailient in the snol¡ covêr, and recrystallization caused t.he

formation of pukak on the unclerside of the trap lids that
froze them to thç snolr on th¡ê rinq {Rikhter 1954, }lellor
1964, Pruitt 1970) .

The perioils immeiliately prior to the fi¡,st snowfarl. in
autumn a.nd after the snou cover has tlisappeared in sprinq

nray be called the autunn and spring critical períods for
stnall mamnals lpruitt 1957, 197Ð7 Ful-ler gl 41. 1969), and

f,or ectoth+rmic invertebrates a1so. At those tímes T{a) may

be low, anil no insulatíng snoH cover is present for
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prot€ction, thouqh somë protection nay be provided by the

li tter. Thês'e peri.oils ar€ defined in relat.ion to the

t,hermal ov*rturn in th+ soil and the arrival of the hienal
thresholcl thiekness of snor¡ covÊc. Their length, anount of
preci.Ritation, especially of rain, cletermine the survival of
ilany snall organism"s (Pruitt 1957, 1970) ,

I T. SUI,II{ AR Y

Because click*rs shoH less variablity 5.n reailínqs at 1ow

temperatures than thermistors, clickers lrêre nore satisfae-
tory for neasuring tnmperatures under sno!ù than thermistors.

tlurì nq the first win ter T {s) in all habitats rëmainecl

fairly constant at about -4o to -5oc ¡rhile T{a) fluctuatetl
wiilely, The T{s} ts on th* ridge wer€ lorvest, clue to r:lense

snow and probablv a smaller suhnivean spac€. Hinimal T{s} rs

of -9oC hr€r€ recorrled on t.he ridge. Suilden drops in T(a)

$ere followed several days later by a small decline in T {s} .

In th€ seconrl tlinter p*rmanent snow covar was establisheil

in nirt-December, and the hiemal threshold atÈained at al-t

habitats in late January. conseguerrtly the soil surface

temperature reacheil a low of -9oc prior to snoryfarr; the

milil aut,umn prêvented ev'Èn lover temperatures. Minimal

tenpe raturÐs of - 10 . 5oc in the^ nea¿los lrere recordetl in
January, owing to the thin snon covef,. For all habitats
T{s) ts averaged about -5o to -6oC, sonewhat colclçr than thp

previous winter.

Thernal qradients ryithin snon covÊr indicate the ancunt
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of insulation providef, by the snou. The larger the tenpçrra-

ture dif,fergnce betwe*n t(a) and T(s), the uorÊ in.sulation
providerl.

Sncw cover Èhíckness durÍng the fi¡st r,rinter was sliqhtly
greater than averagÐ, nhile a less than av€rage snoH cover

thi-ckness occurre¡l tturinq the second ri.nter. The T(s) lras

directly propcrtional to the thickness of the snor cover,

The ¡nost variable snov thi-cknessês occurreû on the exposell

riclqe, while t,he nost snow accumulatíon ças *Dcountereil in
the meadow.

Snow cleosity ileternines the insulating power of snoTr

cov€r. îhe dense, wiud-packed snoH on the ridge provicl+d

less insulati-on than the same thicknêss of loosely-packerl

snor¡r in the noods' The us€ of cylinders qreatly reduce,l

snorr hardness above trap sites cturing the second sinter.
liqht penetration into snos Çover increases as the amount

of liqlit (railiation) available increases in intensity and as

the density of sno!¡r inctrÊases, tlence the subni-vean space in
llarch is probably no longer clark.

ïïI CONCT{tSrON

In scuthern llanitoba, f Luctuations of T (a) have an ef feet
upon T{s). T(s} fluctuates consiclerably lcss in ampli_tude

and exhibits a lag effect of tvo to five days, The

temperature profile within snou cov*r demonstrates th+

insulation wtrich snoÍ, provi des. As snoH increases in
density by netamorphísm in late winter, it loses much of its
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insulatínq pÐ+rerr ând T {s} fluctuates nore wiclely than in
mi-dwi-nter. Also in late ninter penetratS.orr by lonq wave-

length liqht is greater in dense snolr cover. During th+

second winter the us€ of cylinders prevented a large

incr+ase in snow density antl hard.ness above the trarr sitas,
and thus insulation in the snos cover above the lid r¿as

better.
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Fiqure 4-1

Calibration curïes for all nine
number of pulses e¡nittect per minute
oñ

clickers (a to í) , with
versus temperature in
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Fi-gure 4-2

average weekry subnivean and nean claily anbient air teurpera-tures for all sites in 1973-1974 (sotr-icl dot incticates reaclingof 1{s) ) . The latter tenperaÈurËs !û*rë taken from metecro-logical readings of the Hinnipeq tùeather office, Àtmospheric
Ea vironnent service, f nternatíonal Ai.rport, t*innipeq, Hani-
t,oba R 2R-0 57.
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Figure 4-3

Average weokly subnivean and mean daily
tures f,or aach habitat Ín 1973-1974 {A

lleadow), (dots as for Figure 4-21 .

anbient air tenpera-
riclge,B-woods,C

74



A

20r+

(J

0z
;t-f
k(t
H-20:
trl
t--

-40

$UBI'IIVEAN -*.
SUPRANIVEAN -_

{

(J

z
ttJ
É
f
k
v.
L'J
I
ã
tÌJF-

B

20r

I
ll_-

RTDGE 1973-1371

-40
-Nl

SJBNIVEAN - r--
SUPRANIVEAN-

MAR

0v

()
o

=trl
ot)
l-

X.
td(L
ã
trJ
t--

DEC JAN

w00DS 1973.t971

-aO'-¡iov ---'-DFx ----- JÀìi¡---- f,til--lAR-

SUBNIVEAN --T:
SUPRANIVEAN 

-

MEADCW 1973-1171
7r/



Fiqure 4-4

Averaqe ceekly subnivean and mean daily
tunes for each habitat i.n 19?4-1975 {A -

neadow) , (ilots as f or Figure tt-21 ,

anbient air tempera-
ridge, B-wooils, C
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Temperature

Figure 4-5

qradÍents j.n air ancl snoy
{after Johnson 1954} ,

in Alaska
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Til.rmal gT:aì.i.,fn+ :n

niqur.: 4-7

70cm of srrow lr. [[radotl
Tls) is -2oC,

in l,larch, 1q-76,
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Fiqure 4-8

(A) Supranivean, top 5cm of, snot¡, and subnivean temperatures
in snoB cover of ridga j-n 1975, and {B) the temperature
diff,erence between T{s) ànd T{a) on the rictqe in 1975.
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Fiqure 4-9

(A) Supranivean, tr:p 5cm of snorr, and subnivean temperatures
in
snow cover of, the uoods in 1s?5, and {B) the temperature
di f f erence betçeen T {s} anil T (a) ín the woocls in 1975.
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Fiqure 4-1 0

{A) SupranivÊan, top Scm of snow, and subnivean t*mpæratures
in
snolr cover of the mearlow in 1975, antl {B) the tçnperature
diffçrence between T (s) ancl T {a) iri the meadov in 1975.
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Fiqure ¡t-11

The variations in snory thickness anci
ridge, R woods, c maailow) 'i¡rclieate the naximal anil mínimaL sno$
two solict tr-ines inilícate the maxinal

1 {s} in 1973-1974 (A
Thê two clotted lÍnes

thicknesses, while the
aail minimal T {s) ts.
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The va¡iations
(A riilse, B
4-11.

Figure 4'12

in snow thickness and 1{s)
uoccls, c - meailor*). Lines

in 19'l tl- 19-15
as for Fiqure
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Tabl* l+-1

tlet+oroloqical- meâ.surene.nts at Snow Stations Taken
9 I'larch, 1974 at all Sites

Air tempera-
ture

!{inil speecl

Snow thick-
ness

Surface
conclition

Snolr tenpera-
ture

Snov harclness
in q/cne

Ridqe

-50c

5-20 F. p. h.

20cur

ry j-nd slab,
spotty nêï
snos

all d+pths:
-6,50c

all depths:
600

trap si.t+:
10 00

all ilepths:
0,3 00

iloods

- 50c

5 ü.p.h,

5 6cm

6cm ney
snoï

3cm#: -0" 5oc
2 Ocm z -2, 5oC
40cm: -3oc

2Ocm*: 15
4Ocn: 25
trap sitel

400

20cm*: 0" 265
40cm: 0.280

M aailow

Snow d ensi.ty
in 9/cnt

* These neasurÐments refer
surface.

-2.50c

10-15 il.p.h,
59 cn

ryincl b1own,
3cm new snÐlr

3cm*; -0,25oC
25cm: -2oC
45cm: -2.5ÐC

5cm*; 27 "5
45cm t 20
trap site:

550

in ol-d sßol¡i
0.260

to dist,ances above the soil
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Table 4-z

tleteorological l{Ëasur*nents at Snor StatÍoûs Tak€n
20 llarch t 1975 at all Sites*

Àir tempera-
ture

lfinil speed

Snow thick-
N âQÊ

Snow tenpera-
ture

Sno!ù density
in g,/cm3

Ridqe

+ 1oC

5-10 û,p.h.

15cm

2cm**: +0" soc
15c¡n: +1oC

in '¡ld snos:
0.310

+ Surface condition and snow
not significantly expand
properties of snour
** ?hese neasurèments refer
surfac€,

Woocls

-5.60c

35cn

2cn**: +1oC
11cn:0oC
20cu¡: 0oC

20cm**: O.29
trap 85:

0. 340

Èleador

-') ao.'Laû v

5 m.p.h.

3 0cm

2Cm*'1. I 0oC
1 3cn: -20C

1 Scn**: 0 "28trap site:
0. 300

hardness dæleteð sincæ they do
the ilescription of the thermal

to distances above the soil
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Radiation Balance
and Season in

olat.

Table 4-3

at Barthf s Surface in Relati-on
tanqleys Per Day {after Budyko

3 0_ rr0

tr0-50

50-60

Sëp, oct. Nov. Dec. Jan. Feb, l{ar, À.pr,

175 't63

1?B e6

123 55

1OB 81

33 1

-21 -28

1 15 125

B4û

-29 -17

to l,atitude
1 963)

19 3 259

113 2t6

54 145
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Temperature affects the biology of the oligochaetes, both

lumbriciils and enchytraeid.s, and in particular t,heir activi-
ty , metabo!-isn , develo pnent , respiration an d rËpro cluction

(Dash ancl Cragg 1972, Edwards ancl tofty 19721 . The nunber

of lumbricids on the soÍ1 sutface is positively correlatect

uith tenperature; the optimal tenperature for activity is
10 . 5 oC {Satchel1 1 96?, Etl u¡a rds and tof ty 197 2t . The sa me

correlation is true for the enchytraeids, ttiouÇh the optimal

temperature ís probably lower (Ðash and Cragg 19721, Lug:

hgíggg !Êrrgg!¡ås L., uhich feeds on surface lítter, remains

actíve in autumn unt.il th'o teúìperature reaches 5oC and

resumes activity in late winter at 0.4oc lArthu¡ 1965,

Reynolds 1g?3). In Germany , L, lgrgeglgåg is active at
qrass-air tenperatures ilow¡ to ToC {Satchel1 196?) , anil

ceases bnrying leaves in orcharils at zo0 {Arthur 1 965) ,

Grant {1955), who studied ll]-gþepbqre çeligånpSg saviqny

and P,befetÅse lgpgåegqåg llichaelsen in Ne¡s Hampshíre,

U. S. A, ¡ noted that earthuorms hacl low ttrërna1 tolerances,

avoi-ûeil hiqh and low temperatures, and conqreqateil in
optinal zcnes, In particular, å. galigigoÊê cas active in
the range of 10o t.o 23oC, avoidinq 1o*er ancl higher

B7
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temperatures. .Tn a st,udy of A, ggligiggqa anil Pbgrg!Ème

Sgfå^€oe¡igA Kinberq in Esypt, ¿, g,allgigg.ãa $es active in
the range of 20 to 3?oC, wÍth an optimal temperature rangê

from Bo to 28oC {E1-Duweini anil Gt¡abour 1965} " ,P. .bg¡eigg:

slg in New Hampshire coÐgregated in the ranqe of 15o to 23o

{Grant 1955), nhereas P. gql!Égggåga from Egyptian garclens

exhibitecl a narroÍ temperature prefe¡endum of 26o to 35oC

{81-Duryeini anrl Ghabour 1965). The À¡neråcan species díed in
several days af,ter exposure to 3oC or less (Grant 1955).

All authors concluiled that the species rerê uell adapted to
their environ¡nents.

Lumhricid actåvity is seasonal, with maxj-ma1 activity in
sprino ancÌ autumn in Englanå and in the eastern llnited

States {SatcheJ-l 1 967, Eduard.s and Lof,t v 19721 . Àctívity is
correl-ated lrith soil temperature and soi"L noisture {Satchel}

1967). Dispersal occltxs slowly, and as icë ancl snow present

barriers to lumbricids, they do not occur in recently
glaciated areas (Reynolds 19?3). In wiater, Êðrthworms near

the surfaee are probably kílled as soon as the soil surface

freezes (Eclwards and Lof,ty 1g72'), Yertj.cal clispersal occurs

seasonally, and i-umbriciils are usually found in the top 15cn

of soil in winter (Ed.wards and lofty 19721, while eochy-

traeids werê collectecl from the top 3 to 6cm of, soil ín the

Kananaskis Valley of ÀLberta in winter {Dash and. Cragq

19721.

Arleguate moisture is a requironent for ac't,Ívity {Satche1l

1967, R€ynolils 19?3), and thus hrmbricids inhabit gËn€ra1ly
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trroist sÐils {Eilwards and Lof,ty 19721 , A ctefici-ency of
moisÈure'producÊs guioscance or the ínitiation of diapausç

in son€ species {Eclwards and Lof,ty 19721 ,

Enchytraeids, smaIl dark ice ïor¡ns, occur in glaciers on

the nest coast of North Aneriea from Alaska to I{ashinqton

antl in Greenland, but no sp*cies of ice lrorms hav* been

found in i.nland reqions {Dasb 19?0, Tynên 19701 . They may

survive only in p+rnanent snolr, thereby beinq liuriteit in
their dispersal, lce ¡rorns may spend Èhe vinter seasoû

below snow at têmperatures around 0oC; snosless, col-d areas

prohahly have do icÐ worns {Tynen 1970}" Dash ancl Cragg

l1g72l collecteil nany innature forms ilurinq wi.nter in the

Kananaskís Valleyr ând found that the maxinun populations

occurred fron April until Junæ in aspen noo¿ll-an¿i.

colouxless enchytraeids r or pot worms, have a wider

tlistribution than ice rlorms, and have been taken in Hanfto-

tra. Scme uniilentj.fiecl enchytraeids nere taken fron northern

Lak.e winnipeq in summÐr {o,SaÊther, pers. conn.) and f,rom

greenhouse soil.s containinq peat moss in Hj_nnipeg {J, tf .

lilills, pers, cosm.) .

I I. RES{TÏ,TS

The numbær of oligochaetes collectecl at Fort Whyte are

presented in lab1a 5-1" I{ost activity app€ars to take place

in tha cooler seasons of autumn and spring. Tlro speej.es of

lumbricicls anil onË of enchytraæids HÊr€ ident.ified anil are

tabuLated in Table 5-2.
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No cligochaetes llËrË taken chen sÃo}t cover ïas permanent.

The latast captures lrerË made in Late October 1973, and the

earlíest ín míil-April- 1974 {fable 5-1), on the 28 April'

19?4, t.hirteea speeimens of enchytraeids, possj"blv Hggle,A

nesg_lg Eisen {Dash pêrs. comm.}, rÍer€ founð in one trap on

the ridge but not at any oth*r time.

turnbricÍcls chieh appeared in ilay $ere trappecl when the

soiL uas r¡at*r-loqgecl, Summ+r specímens $Êre taken on or

soon after days on which rai.n hail fallen. 3or exanpler tllo

specimens Ðere traprred t¡¡o days afterthe raintall on 20

Mâyr 1975. Traps nere set out fo¡ thtee consecutive days,

oncê evÈry tlro weeks in srilmer, and thus il€re open at that,

tine. The correlation between rainfall anð the capture of

lumbciciils lras observed in sumnÊ!,

Sone autunn specinens of lumbricids l¡ere small and

noticeably dehydrat*d, a conåition that. occurs prior to

hi,hernation {R-oynolðs, pers. cotrB. }. The species were .4.

lq¡'giÈe fiisen ancl lgnþIig-gE rgþellgg ltoffmeister {Table

5-2). I'1orê specinens of these species flêre colleeteil i-n

spring anil sunmer. !" r!ÞgltgÐ, has a holarctíc

distribution,

No com parison bet,seen acti vi-ty anrl tenperature IJas poss-

ible in late 1973 as tenperature reatlinqs ilere not takea'

Durinq the seconcl tra ppinq period I'197 4'19751 ' actívity

occurr€d at temperatures relatÍvely close to 0oC, i.e. 50

to 1.zoc. The active specinens i¡l early spring {t{ay, 19751

wexe taken at tempsratures f¡om 2o Èo 4oC.
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these results support the theory t,hat o1íqochaetes are

restricted in their act,ivity by ÈenperatBre. Th€ thermal

th¡eshald f or activity is in the reqJ-on of 50 to ?oC in
autumn and about 20 to 4oC ín the sÞrinq,

Trapping of summer speci-mens Has relaterl to the hiqt¡

relative hunidiÈy associated uiÈh rainfarl, whích i-s favcur-
abL'e to activíty Ðn the soil surf ace {satche11 196?) .

Lumbricíds Èhat appeared i.n ilay rdêre probably forced from

the flater-logged soi]. to the surface.

Numhers of individuai-s taken rera insufficient to indi-
cate atry population trends. The unigue appearance of
enchytraeids in late ApriL, 1974, suÇgesÈs a populatíon

peak, Èspâcially since it cccurred ¿t a time when peaks are

known to occur ín ALberta {Dash and cragg 1970}.

ïrï. DISCUSSION

Dash {1970) in the Kananaskis Valley of Alberta, Ryån

11973) on Devon Islanil {?Sotry and traurj- e! al. (1971t?) in
southern Norflay found g. naSuta in the soilr and this is
possibly the species that ?ras collected on the ridge.
Perhaps thÍs species normally l-ives in the ponrts ancr not in
terrestriar habítats, ì{any species of this fanily spend

much of their ti.rne between freshwater an d terrestrial
habitats an d thus coulcl be classified as 'a mphi bi-ousrt

{Barnes 1963) . rn late april- ryhen enchytraeiits Here taken,

the ponds overfLowed on parts of the rid.qe transect aft,er

the sno$ melt.ecl' This record is then clearly aD excepti"on
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to the theory that enchytraeid.s

continental regions {Dash 1970, Tynen

ha ve been collected i n gra.enhou se

others fron no¡thern Lake f{innipeg.

rv. coNcttsloN

tumbricids are restricteil in thei¡ activity t¡y 1o$

tenr¡eratures, the threshold being about 5{, to ?oC in autumn

and about 20 to 4oC in sprinq, They arë not active in
ryinter. A few infliviflual-s of oossibly g. gåg.Utg were taken

in late Àpril-, uhich may alter thriories on cÌistribution of

+nchytraeicls,

cio not. cxist in niil-
19?0) . Enc hytraeiilae

soil in Winnipeg anil
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Table 5-1

Numbers of Oligochaeta Active Seasonally at Fort !fhyte,
llanitoba; '1973 to 1975

Da te

19?3-19?4

19?4-197s

* Trappinq occurrecl only i.n the last three weeks of october
** one collection on1y.

Àutumn

4*

17

Wi. ntær

Table 5-2

Species of Oliqochaeta Taken at fort f{hyt*, Hanitoba

0

0

S pri nq

tu mbri eiilae: *

ÀI1aþgpboga -{ABorrÊsls-deel lgse!êe Eisen
LUmåsi.g3g g3Þellus Hoff msister

Enchvtraeiclae: **

possibly Hg¡19ê naÊgtg Eisen

13**

11

S unmer

0

7

Determinations by: John !t. Reynolils, c/o Faculty of
Forestry, Ilnivarsity of Nev Brunswick, Fredericton, Nsí
Brunswiek.

** Dsterminations by: lladhab C, Ðash, Rèailer and Head,
Departnent of BioloqicaL Sciencês, Sambalpur tJniversíty,
Burla, Sanbalpürr Oríssa, India.
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Several researchers taave investigat*rl the actj-vity of
sluqs rith respect to temperature, nising and Àrmitage

{1969} found that a change in tenperat,ure Has a maior

stimulus for inducing activj"ty j.a åi_Eax maglq_uE t. anil

phå1om-y.çgg cârof,-igig¡ug Bosc., and that the rate of Ioeono-

tion variçd ilicectly with temperaturê¡ Besides the effects
upon behavioural rÈsprnse, the authors found that the

metabolie rate of these species of gastropocls ¡¡as rov,er in
t,he sprS-ng and hiqher ín the autumn. t{hen placed in a

thermal Craclíent, th+ sluqs located themselves in the rrleast

st.ressful part'r of the environm*nt {Rising and Armitage

1969).

Ðainton {1 954} notsd that the slus Àgfåelingë IË!åç.Uåq!!Ë

t¡lul-ler shoneil a rise j.n actÍvity r¡iÈh cenerally decreasÍng

temperatutrÐs of less than 2t1o1. In wint,er the slugs souqht

their preferencla in cracks in the soil, movong and feciling

normally at 0. BoC but morÊ sloruly than at higher tenpera-

tur'es. ThesÊ observations Ðere confirmed by t{eIlanby 11961,

in Newell 196'll. Abov* 21oC, the sluqs rcnainçil active,
especåa1ly at níqbt, At constant tenperatures, their rhythrn

of activiÈy persi,stecl, ancl in a qraðíent tbe slugs exhibiteit

a preference for the region at 17o to lBoC (Daånton 1954),
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somrè controve sy recently cantr.*d on thÊ role of temp€ra-

ture on activity of slugs and snails. It $as previously

thouqht that, clecreases in temperature initiatecl activity

{Daintcn 1954, Karli-n 1961}. Newell {196S} rnentioned that

À. ¡etåsglqlgg ras sensitive to changes in 1íqht intensity,
actÍvity being initiated at hiqh intensities. Lewis {1969)

showed that decreases Ín liqht intensity initiateil activity
in ègùgp aler tr. , which llas consistent with Èhç kno¡rn

nocturnal activity of s1ugs. In contrast, Karlin {1961)

reported that 3. çâEolinågnug was active at various liqht
intensities, but the tuo other speci-es ryhich he examinEit

became actíve only nhen they Here kept in darkness. Noûe

the less, Karlin (1961) concluf,ed that decreasing tenpera-

tu::e initiated activity,
statecl. T,êr*is {1969}

Agågg aleE, is active
photope ríocl,

Thus the stateuent that. tÐnpËrature chanqe +las the príme

facto¡ in inclucinq acti-vity in gastropods Has proven ¡{rongr

Experj-me¡lts on which these statements were based served as

further examples of stucli*s in r,rhich the possible j.ntarac-

tion of several variablas eJas ignored. tack of eviflsnee for
j.nteraction clearly iclentifj-es cbange in liqht intensity as

a stimulus for activity,
At low tcmperatures, the Àustrian terrestrial snail,

ågåeplg arþlslgglg I., probably tolerates extracellular ice

focmatÈon in its tlssues. thÍs ability i.s f,acíIitatecl by

95

as Daínton { 1954) hail prêviously
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its j-naétivity in wíntær (Stöver 19?3) " The ' s1uq, !,
rgtiç!¿êluE, and its egqs can tr:Ieïatê prolonoecl exposure to
eoltlr Ê'Ç. two adults survived -5oc for tlro hours lNewell
1967). The same species is usualty active between 0o anct

15oc, rheraas conslant conditions i¡¡hibit, its activity
(Newe11 1968),

TT. RESUITS

nuring th+ fírst winter, qastropod.s consÍstinq of sLuss

and a few snails, Herê collected most of,ten in the woods

site; the riitge site hail the fouest sastropofls (Table 6-1).
This may be relatecl to the greater amount of grounrl cov+r in
the noods anil meadow {Tabre 3-4). The last capture;s for
19'13, fi-ve Aggågligar and on€ snail, occurreil on Novenber -l

in the woods. Act,ivity was not dstected aqain until late
april, when five specimens werÊ taken in the woods anrc onê

in thç-, m€adow,

During the autumn and earry winter of the second year of
sanplÍnq, gastropods were collected nost frequently in
october {Tabl€ 6-1), The hiqhest catch flas on october J0.

rn the first^ $eek of November, so&e activity still occurrëcl,

thouqh no snory ïas on the ground, No further activity e¡as

notecl until thç third ¡leek in March, when onÊ Discgs flas

taken in the woods, rn early ltayr the nunber of captures

increased considerably. OrI the first of it!âyr two AgrioJirngX

and on€ liscus werê trapp*d in the sood.s, and t hce*

Àgqiolines and on€ lgligglla in the neadow. rn the seconil
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rùeçk of tlayr Àggief,ågAg anð lieggg formerl

proportíon of the captures in t,he ttooits.

A list of six species t.aken is gíven in

feÊve and I, coslqla both have holarctic
(Lin¿lroth 1957).

TTT. DTSCT'SSIOI{

Itctivity by qastropods Has gr€etest, on the soil surface

in spring ancl aut,unn, which concurs with the results of

Dainton {1954) ancl Risi.ng a¡rd Àrnitage {1969}. the actÍ-vity

of sluqs anil snaÍls varietl direct 1-y with te mperat üxÈ,

.Apparently, qastropo¿ls were noÈ active durinq ninter, with

the exception of liggug qrgêI!ålgå Nerycçmb. At the beginn-

Íng of the first winter, six j-ndiviiluals uer* taken one week

after the first snowfall (T{s} = -t.5oC}, but ûo othçr sluqs

or snails Hçre coll*cted when snofl was on the grouail, As no

soil surfac+ tenFeratures eerë available until most activity

had ceas€d, a cletailerl analvsis of correlation coull not be

nadg.

The statements of Nellall t1967, 1968} that the slug å.

æ3Åg!1ê!gE ras acti.ve at 0,BoC and 0ÐC ll€rë supportecl in

this stucly. trn the autumn, inclucling the first wCIek of

Novenber, 19?3, anil in late llarch, 1975, when T {s} uas about

-1.5oCr sonê activity occurred in the woocls. Five of the

seven initiviiluals of 4.. Laeve ÌrerÈ acÈive at thes+ lon

temperaturês.
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Generallv, qastropoils ïêre not active in winter, though

they !{ere relatively active in spring and in autumn, when

ilaily temperatures lrêtre low. ThEír activity decreasecl

directly with fallinq tæmpera-tures and ceasËd near OoC. Two

specics have hclaretÍc distributions.

IV. CON CI, USTO N
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Table 6-1

Numbers of Gastropoda Actj-ve Seasonally at Fort !Íhyta,
Hanitotra ; 19?3 to 1975

Date

1973-1 9?4

't97 4-1975

Àutu m n

*trappinq occutrred only

',l23*

45

f'li nÈer

6

4

Spri nc

6

49

LN

SummÊr

t.he 1ast, three reeks of October,

35

94
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Tablç 6-2

Species of Gastropod.a Taken at Fort I{hyte, Ifanitoba

Oriler Stylounatophora:

Fam. Linacidae: *

ÂSEi-g¿igsx JD€rocergEl le+vç û1ul1êr
Iå!r$e ]ispåÉc Go uld' **

Fan. Endo ilcnt iclae: **
liscus gfge!¡¿le¿ Neccomb

Fan. Val-1onidae: **
Ie¿}c+ie coã!Êta Plu1ler
o¿glgurg cf . åggÊeei Bir¡aey
ca!+qgllê o. sp. of stgetgþiggg Bland

* Ðeterminations by: Lyl+ F. Chichester, Departnent of
Bioloqical Scíences, Central- Cor¡necticut St,ate Colleqe,
1615 Stanley Streêt, !üeï B¡j-tain, tonn. 06050, U.S. À,

*'|. Determinations by: l{urie1 F, T. Snj.th " }tal-aco1ogy,
Natíonal Museum of Canaila, Ottava, Ontario K1A 0l{8.
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The t.harnal preferanda of nillipailes has recej-ved 1ímited,

study. Cloudsley-Thompson 11951) noted thrçe classes of

teurperature ¡eactions j-n two species of nillepeiles: l1) an

orthokinetic f,êsponse, affectinq the speeti of locomotion;

l2l r€sponsÐs to sudden tlrops Ín tenperature shich act as

stimuli for activityi and f3) the betrravj-oura1 respons€ of

híqh and lor.¡ temperatures beinq ayoirÌed by klinokínesis; anil

a preference is shoun for about 15oC in bot.h speci+s" They

aLsn becon€ more activ€ in cool weather {Clourtrsl-+y-ThonpsÐn

1968). Striganova {19'721 determi.ned that gareat!ulgs kesg-

^lgfi Lol¡nandÈr in the eastern llkrai.ue fed betsaen tempera-

tures of 10 to 34oC, rith fæeit!-ng reaching a naxinun at 21oC

and rleclj.ninq throughout Èhe sub- anrt supraoptinal tempera-

ture zones. rfåt subthreshold teurperatures {2o and 330c}

both the rate of food consunption and the assiuìilation of

foocl increaseil siqnificantlyn; hence boÈli vary rith tenpera-

ture. The activity of juveniles and aclults tras sj.milar but

assimilation iliffered lstriganova 19721,

In NÊn ttexieo sup€rcooling dor¡n to -7.5oC was noted. in

the centipede Egpf,g-pgngæ pcl=gqgrgha l¡ood. Even after
acclimatíon at 5oC, at l*ast half of the exposail aninals had

dj-ed after 12 hours exposure t<l -7oC {Crawforð and Rj-ddl*
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1974),

ÏT. ATSUTTS

The nunbon of Chilopoila found active seasonallv is
presented in Table '7-1. Thç m*adov lvas the habitat sit-h the

mo-st indivj-d,uals {37¡, ancl the ridge with the least , {4} in

the autumn of 1c?4 (Table 7-11 .

Ðurinq the first ¡rint*r, seven animals $erê collecteci

when snory lEas on the ground: the majority of them r.,Èrê

active in early November, when T{s) Is ilere around -1.5oC,

An exception r+'as one specimen of Slrlgggiê ChåeggpèåIg floocl

taken on 21 I'larch, 19-14, i-n the meailow when the T{s} rras

-3.5oC" Tn t,h* second wintÊr only o¡e índividual llä.s t.aken

in mirl-Nove¡rbarr ptrior to sno*fal1, ãt a soil surface

teurperatur* of -1oC.

The peaks of activitY of this qroup appear to oceur in

sunmÊr and autunn. The maioritv of autunn activi-ty oecurred

in October, 1914) in the ueadow, The T{a) rs tlurinq that

nonth ranqed betcËen -3o and +13oC. Oh thê last daV of

october, the T{a} ilrcpped to -1oCr and only tryo j-nilivieluals

r.lere caught. ilo aetivity Has ¿lètecte¿l in spring. The tuo

species taken are presentad in Table 7-2, LamyctÊs¡ ê

holarctic genus usually present in cold clinat+s, was

recorded in Manitoba for the firsl time {crabiS-l¡ pêxsr

conm.). ¡. _fg]gåggggåg tleinert is a cosmopolitanr Þär-

thenogenetic speeies wíth an affiniÈy for stream banks

{s unmers, pÐrs¡ corüÐ, ) , SlEågegia*_chlggop} j-Ia is a
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holarctic qenus occurring in temperate and colð North

Aurerica {Crabill, p€rË. comn. } ,

I TÏ, ÐTS CTJSSIO N

Lory ancl ilecreasing temperatures ilere reporte¿l to act as

stimulants for actívity {Clou¿lsley-Thompsor¡ 19521: autumn

aetS-vity in this stuciy r ëspeciallv in 197 4, ceri.ainly

supports this conclusion. åct j-vity decreaseil at Low t"en-

peratures. AcÈivity rvas recÕrdecl at zoc for millipecles anil

€ven as Lov as -?oC for centiperles (Striganova 1972)

Crawford and Biddlo 19?¿t). In l1anítoba, act.ivity of centi-
pndes tlas detacted at -1.soC on many occasions anrl oncê as

1ory as -3.5oc for S. ctriosgp!å]g {the specifíc namê mêans

Itsnow- lovingrr) .

ïv. colrclrjsToN

cenerally, centipeiles and. millipetles are not l¡inten-

active, their activity appears to be restricted at 1oc

temperature.Er ê.Çr -1.'50Cn Peaks of seasonal activity
occur in sunn€r anil autunn.
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Table 'l-1

Numbers of Chilopoila Trappecl Seasonally at, Fort Hhytêr
tlanitoba; 1973 to 1975

Year

1973-19?4

19-t q- 1975

* trapping occurred only in th+ last three ueeks of oct,ober

** Ouê collecÈi-on on1y.

Àutunn

?*

36

Ili nter

7

1

Spring

Table 7-2

Species of ChiLopofla from I'ort Uhyte, Matitoba

orcler lithobiomorpha: Henicopidae

faflyg!ÊS sp. *
lagyctes ËSlyiçeg¡ig Heinert**

order teophilomorpha : Di-aqnathodontittae

5lt¿g.enis sb¿egselile fiood*

0**

0

Sunmer

25

16

* Ðeterninations by:
Entomolcgy, Snithsonian

** Det.erminations by:
History Survey, Natural
61801, U,S.A.

R. E. Crabill, Jr., Ðepartment of
Institutê, Ilashingtonr D.C,¡ U.S,A,

Gerald Summers, Illinois Natural
Besources Builclinq, llrbana, fJ.linois
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I, REVIAfl OF Ï,ÏTERATURE

Ps€udoscorpions are sna11 arachnici pxË¿lators íhich drell

larqetrv i¡ ileciduons lit,ter, anrl are cosnopolítan except in

the Arctic and Àntarctic {Hoff 1949, Savory 1966, Huchnore

1973, Nelscn 19?31 . Their foocl consist,s of Collembola,

mites, phalangids, innature sFíclers, ants and. flies. Some

densities of prey populations are probably rËgu1atêcl by

these pretlators {llof f 1949, Sa vory 1966, CloudslãyÀThompson

1E68, Heyqolilt 1969, l,luchnorç 1973) . Tenperature an¿l mois-

ture of microhabitats may linit their distributr'on {Hoff

1959, in Ftuchilor€ 1g73)r

In autumn these animals construct silken hibennatíon

chambers in *hich severa I individ,uals spenil t he winter

fsavory 1966, Feyqoldt 1969, llalson 1973), Nelson 119731 ,

who samplecl for pseutloscorpions throughout the y€ar in

lliciriqan, noted sprino anil sunmer peaks in numbexsr âs did

Gasllorf anil Goodniqht 11963) in Indiana. There ïas litt1æ
actívitv over th* rinter. ALl life stagçs over¡qinterad

{Nelson 19?3} .

Chapter VfII

! ED E3_ EÊ.8.U ! I E-ç! B e¿ q s J !å

The number of individuals collected is presêntêcl ín TabIe

105

II. RTST]T,TS ÀI{D DISCüSSTON



8-1. In the two-yÐar trapping pçriod all specine¡¡s exc*pt

one were t,rapped j,n the mÊadolr, In thE first winter' ona

speciuten r,¡as Ëounil in late octoherr uhi-le tvo others l¡êre

taken in November at a T(s) of -'t.5oC. In I'la¡eh one

specinen lvas taken on the ridqe at a T{s) of -6oC, In the

second wí¡rter speci-mens werÈ trapped in Novenber and Decemb-

Ðr at, temperatì¡res ranginq bet¡¡een -10 and -4Ûc, The two

species are Listecl in Table 8-2.

Activity of pseudoscorpioas reaches ô peak in autunn'

notat¡LY Ín November lwhich corresponils to a peak of the

ileutercnyuph populat,icn in Michiqanf {N+J-son 1973), tr{ey-

golclt {1969} reportecl that in parts of, Europe SgellSlge

mgEcoEUm l,each lras actíve throughout the cold season, while

some other species were active at tenperat urês above 0oc.

Horegott {in weyqoklt 1969) founå the peak of adult activity

of t,his species in D+cenber , January ancl lnlarch. This

oLrservation !ùas corroborateil in the present stucly, with th*

moilÍfication that peak activity occurred in Novenber and

December {despite snorr cover) , at 1{s) ranqj-ng from -1o to

-4 0c.

$åç.rpbi5ågg gggggsgg rloff is nidespread in North Amçríca

in decirìuous forest litter, while g, Þrugneggr Hagen is

cosmopolitan but with a cliscontinuous distribution as it is

associated r¿ith Sphagggm bo.qs, Both species are partheno-

qenetic {[toff 19It9, t{uchnore pêrs. coRIil. ) . In southern

Manitoba, M. coplugug was collected in ihe meadou {Decemb-

êrr 19?3), while il, bEugneug Has captured on the riilqe
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{OcÈober, 1 9?3) .

IÏI. CONCTUSÏON

In southern ilaaitoba, ps,eudosco¡pions appear to

reachi-nq peak numbers in lfovember anil December

meadows at, tenperatuxês betwçen -1o to -4oC.

be

in

rar€,

rlaup
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Table B-'l

Numbers of Pseuûoscorpioniila Taken Seasonally at Fort l¡hyte,
Hanítotra; 1973 to 1975

YeaE

19?3-19?4

19-14-19-15

* Trappi.ng occurrecl onl-y in the last, three weeks of october,
:t* One collectio¡ only.

Autu mn

1:i

0

Iùi" nter

Table 8-2

Species of Pseuiloscorpionitlax from Fort llhyte, !lanitoba

3

3

Sprinq

tllg¡eþigigm þggnngus llasen

Ì,ticrobisiun confusun floff

0**

0

S umnêr

* Determinations by:
Biology, University

0

0

William B. t'!uchmorer Ðepartnent of
of Rcchester, Ne¡r York 14627 ¡ U. S, A.
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A variety of topics ryí11 b* covered in this section" The

ef fects of tenperature upon netaboli.sm, life cycles' thermal

preferenda, and coLrl-hardiness wi-L1 f irst be iliscusse'1.

Then activity, urigratj-on, species cliversity and densitT' and

reproductive perioils will be consitterect. Following these

general topics, the major cursorÍal families will be dis-

cussed i.n iletail.

Chapter IX

9898-B_À8ArgÀE

r. BEVIEfl OF' TTTSRATTIRE

A. EjjeglS_oli_renpega!urg

Effacts of tenperature cû uatal¡olic

de pend

30 0c,

tion

on rapi-cl temperature changes in

At 10oc oxygÊn consunption ilid not increase adapta-

Itsince torl temperature r+oul,d also inhibit activity of

the prey of spiilersü {Anderson 1970) . Anäerson {19?4) notatl

a signif,ícantly lower mptabolic rate for Lggosa lenlg Hentz

than for other poíkilotherms of similar sÍze, beinq further

lose¡e il by 30 to l+ 0% d uring starvation . t{j,yashita { 1 969}

noted concurr€nt. drops of carbon dioxide output ancl temp€ra-

tule, and founct a three to six times grËät€r rêspiratory

ene,¡qy loss iluring activity than during rest, vith a further

decrease ryhen fastinq.

The l-engi,h of a spiderts life cycle seens d+penclent upon
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the prirnary productiviÈy anil temperature of th* arêa. In

thos areas wÍth 1ong, cold tlinters th* rate of d,evelopment

is slow anå may take up to tyo years lVlijm gt gl. 1963).

for nosÈ spitlers the lif+ cycle lasts one to tço YeaEs'

though si-x to sêven yêars may be reguirerl at B2oNn In

canada, the av€rage 1íf,e span is probably tso yêars

{Schmctrler 1969}. The longer life span is acconpanieil ín

nonthern, autumn-nature specias by ð lonqer period. of sexual

matr:rity, explainable by cold temperat,ure (Huhta 1965) .

Thermal preferenda are lotr in sinter-active speci*s"

Experiments by Buche {1966) on uêgrargus lu€us guguq Ç{j-tler

and tl. E. ggrpggterí Cambriclqe rrshowêd a mean preference

for 7oC, llhi.ch coulil not h+ alt*reci by acclirnationrr (Huhta

1c?1), Examininq $inter-active species frour Poland, tJcggg

Êqggêllig llestring preferrad the ranse of 50 to 9oC,

temperaturês at whíeh thís species appeareô on snolr. Also

lltfpbie !¡JgågIA c. L, fioch and ÏrepgþyplealeÊ gåE-gågË

Blackwall hail t,hermal preferenda of -3o to +3oC anil -10 t,o

+3oC respectivply, ç1ose to temperatures in theÍr natural

babitats ,(Holska 1957) " In Norrray, Þollphqptgg ånÊe¡

ThoreLl nafle webs in snor crevices to catch collembolans at

0o to ZoC, anil showed a preference for 4.1oc" In unfavour-

able conditions this spíder probablv retreaterl to the

-su bni-vean space {HÍlqvar 197 3) . ln thê hi bernation perioil

Araner¡g ggrnu!uE Cl-erck, uhich cvÈrwinters on vegetation,

survived -18oc for two and a half days anil had a supercool-

ing point in ryint*r of -23oc, fn ¡iinter this species has 2
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to 31t glycerol, deterni.neri on the basis of fresh body

weiqht" but the a¡nount of qlycerol ¡¡as not correlaterì rrÍth

the sup€rcoolinq point. Some epioeic spiclers ars active

during ri-ntec and even nultipl-y chj-le others eannot tolerate

temp-oratur€s less than OoC {Kirchner ancl Kestler 1969) .

B. Àcllgils
cenerallyr activity peaks ate associateri. rith the need

for foocl anil sËxua1 behaviour {Tretzel 1954) ; temperature

strongly affects spi-rler actÍvíty {GransÈröm 19?3). Àctivity

duri.ng ¡rinter has been rÐcorded in five species of Greenlancl

spiders between -3o to Boc {Bertraur 1935). üsinq nnultiple

reqression analysis, Koponen et at" {19751 ascertai-ned that

spi-iler activity ryas af,fectect by solar radiation and maxinuu

temperatür€r rn linyptriiás ninimr¡m teurperature ¡ras siqnifi-

cant, humictity qreatly affectad thonisicls' anrl radiation ryas

important for hahniids. l'or SiSAgga mi¡,qþå]is Clerck, the

coLit tenperat,ures of rint*r in France appeared to induee

diapause, uíth a suppression of netabolic rate and of

develcFment {Ðonilale anil legendre 19? 1) , Inactivíty drrrinq

ryinter by Ebg¡gg5 lhalgggpådes Fuesslin occurred in adults

morè than in iuvenil-es; arlults uÊrê often founil in the

ttrlint,Ë¡ staterr ,fa cataleptic posture on thsir side +rith legs

fol,lerl under the body), nhíle 'iuveniles continuad feerling.

Many aclults d.iecl i-n winter {Ì¡leHugh 1966). In autumn nêar

Ednonton , the aðtivity r:f spíders increased rith the rise

of relative humidity and decrease of temperaturÐi as freez-
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ing set in peruanently the activity decreasecl. Those

species i.n litter seened lítt1e affected by snolr {l'tair

1969). I{ancl*ring spíders ar€ not f ully active on the soil

surface until they beco$e ailult, and their activity alter-

nates vi.th that of carabids and opiliones" There are Eany

inactive spiders in litt,er ilurinq uinter, with immatures anil

adults oft.en in rå.ifferent nicbes (Breyneyer 1966),

Sunner populations of spiders exhj-bit stratífication of

speci-es ín three climensions; namely {1) in the canopy 1ay+r

{species of Ç}ubi.g¡a and gysÈicus¡ , {,21 in the shrub layer

{species of Ç]gþiege antl &S-plbypba¿Ègs} , and {3} in t he

ground layer (species of lycoãa) , (TurnbulI 1960, Huhta

1965) " In spring the spicler populations in the canopy

consist of ove¡wj.ntereil eggs anil active f orms of specíes

Èhat overvinàer on the grcunil , vh.ich have moveil up into the

canopy j.n l{ay. The ground zonê populati.on remains constant

untit early autumn, when a rise in nunbers oceurs due to

vertical descent to ground Õveruinterinq sítes {åuczak 1959,

Turnbull 1960, Ðuffey 19691.

c. SPesiÊs-ligecsilv
Seasonal p+aks j-n species diversity in nítlsummer ïerÐ

ç¡reatest in habitats with more vçrtical sùrata. These peaks

lrere correlateil r¡ith abundance of Þrëy {secondarv proilucti-

vity) and not wj-th seasonal temperature, relativ* humj-tlity

or p¡eci-pitation {Iletz 1975} . Gasdorf and Gooclnight {1963)

also founil no correlation between popuJ.ations of spíders and
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Soil Boisture or tÐmpÐrat,ure, and noted rlecreases in nunbens

in spring and çinter. LOy nunbars occurrecl fron NovÊmber to

February in Poland {Breymeyer 1966}. ThÊ number of spiilers

founrl in flinter is deternined by weather conditions of late

autunn antl ea¡ly r¡intçr {t{uhta 197 U "

D. Be-esg!lrgSige-PesåeÈe

Tretzel 11954¡ produced a classification table based on

the reproductive periods of spid.ers: { 1} eurychronous

species arâ sexuallY mature throuqhout the year, the htarm

half of the yearr or the cold half of the yêar; l2l

diplachronous species have t¡ro copulati,on perioils për year'

either both in the warn seasonr or oaa in sunmer and one i-n

winter; {3} fèma1€ eurychronous aoð male stenochronous; {4)

stenochronous species have a single reproductive per!od in

sumner; anil {5) those species with a reproductive perÍocl in

çinter. I'lost species are stenochronous lTretz*l 1954) .

E. Çggeegåel-Iaeålåss-or-!påêere,

The fanily cl-ubíoniilae, whích consist,s of nocturnal

hunters depenilent upoû touch ancl speecl {Clou<lslay-ThOlnpson

1953), usually occuts in leaf litter, scrub and fields, and

cverwinter as arlults and subadults {Holnquist 1926, Kaston

1948, Billians 1962, Düffev 1969) ' In sueclsn lgroæca

proxima cambr. ôo<t Ç}gbåggÊ !x-i-giål!E C. L. fioch ovÊrrin-

t,er ã,s snbadults and have life cycles of 1.5 and 2 yêars

respectiveLy {AImquist 1969) . A' gÐg,Xi$+ and Çf,gbigpe
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slmllis C. L. Koch are both tolerant of colil temperatìlxçs

{down to -2Ð.goC), but overwintering subadults arÊ more F-R

than adults {illmquist 1970).

The fanily Erigonidae {Microphantidae) is often eonsi-

dered to be a subfamíly of, tinyphiidaÈ' Both faurilies of

small-sizeil indivÍfluals cgnprisê 42Tr of terrestríal spider

species (Tretzal- 1954), oceurring predonisantly in shaily'

moist forests r¡Íth much moss or litter lKaston 1948' ttruhÈa

1965, I{a1luork 19?0} . Diff erent li.tt er laYers contain

different speeiês. Hhen under p+ruranent snoï covërr coltl

adaptation allovs erigoniqls to tolerate tta continuous tem-

perature of -1o to -3oc f or lonq perj-oils' ' r ' , aLthough a

short suclclen frost may destroy a large part of the popula-

tion earlier in autunntr {Huhta 1955} .

The farnÍly Linyphiiilae j-s a d.oninant sroup in leaf litter

i"n ceciiluous f orast,s {Kaston 1948, þtczak 1959, llilliams

1962, f{allr¡ork 19701 , while Èn t,he Arctic ancl Subarctic it

is the major group, compcisinq 739 of all spiclers {Hallryork

19?0). l{any specíes of this fanily are ¡siut*r-acàive, ë.Ç

cellgg.neEgg sylgêg¿qgg Blacklrall' Eolgphanlee Ågêex Thoræll'

liggphåe p¡ygåe4ê C. L. Koch r âûd SÊgrerggq FuguÊ cêr!êÐ-

lgg! canbr. (Holmquist 1926, Tret'zel 1954, Holska 1957,

Hil-liams 1962, Buche 1966' KroneËteitt 1968, Haír 1969, Hut¡ta

1g'l 1 , Gran strön 1 I ?3 , flt gv ar 1 97 3) .

The fanily Lycosidae (wolf spiilers) ånhabits leaf 1íttær

of foresÈs, scrub, cl-earirì gsr gra,ssy fíe1cls e äßcl ecotcnes at,

thc eclge of ryoods {Kastou 1948}, and nay provide up to 78'Y[
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of the epigeic spiiters 5.n PoLand {Kajak g! êI. 1971). They

usual-1y capture prey by nêans of their speecl ancl strêngth;

sma1l specíes often r¡arrcler in dry places {C}auilsl-ey-Thtmpson

1953), Generally subadults overuinter in leaf litter {llolm-

guist 1926, Muma and t{uma 1949, I.lilliams 1962' Vlijm et 41".

1963, Alnquist 196q, üaír 196q, Miyashj-ta 1969,.Edsar 1971,

Eilqar ancl Loeuên 1q74). sp+cies of gqrgggg are nunêrous antl

exhibit $any dÍffer*uc*s in phenology betveen species and

between localitj-es {Vlijm g! ê¿. 1963}, t{any lVcosicls arê

depandent upÐn sunshine {solar railiation) for acÈivity

{ñi1lians 19621, lJggÞA !:igSåg3ile Boes. et Str. of

Japan had. spring and aut,unn poputatj-on peaks, overwinterinq

as subadul-ts. After November or Ðecenber, decreasetl feeding

inhihiÈeit a final moult until spring, increasinq its longe-

vity. During warm periods in uinter thís species ryas active

on the soil surf,ace{Mi"yashita 1969).

The family Thornisiilae {crab spiders) occllÍs in grass,

bushes anil uniler ston+s j-n deciduous forests (Kaston 1948);

nost specíes are sedentary and r¡ait tn the grounil for prey

{Cloudsley-Thompson 1953}. It is a clouinant fanily i-n the

grountl fauna lhuczak 1959) . subadults and femal-es overuin-

ter {Holmquíst 1926, Kaston 1q48, ALnqulst 1969, Schmoller

1969). Life cyc).es of sone Canadian species may be twice as

long as elselrhere {Donilale 1961) . fn poland Kaiak {1960)

notcil two ase classes of ÏIsliglE gluå Hahn., x. s5åË!êggå

Clerck, aail liÞg$gg sar¿llmgË Menge throuqhouÈ the rhole

sêason,
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Ot he¡ cursorial famj.lies include Àgelenj-dae, Dict'yni'dae,

Gnaphosiclae, salticiclae, antl letragnathidae, and arê founcl

ín variety of habitats. Freguently nany of thes* families

occur in l-eaf litter (Kaston 1948) , ovëtrwintering as adults

anô./or subadults {Kaston 1948, Almquist 1969, Schmollar

1969). Tetragnathids and gnaphosids are conmonly taken in

scrub cf southern England {Hilliams 19621.

TI. RESULÎS

The numbcrs of Acanêaê active seasonali.y are pres'ented in

Tables 9-14 and 9-18, The season with the least soil

surface aetivity was sprinq. Hssê$tiall-y lj-nYphiids pre-

dominated in autumn ancl early vinter; aad lycosicls in spring

and sunnÊr, The hígher nunbers in the seeonil winter

appeared to be urrusual. At. Fort ilhyt,en l'Ianitoba, 49 species

of spicÌers Her€ takan, ten of, thase species beinq taken cnly

in the Sur¡r¡er. In wintÊr 19 species vÈrÈ found active uniler

sno!¡, and the domi-nantr cürsorial f aníLåes incLudeð clu-

bÍonids, erigonj-ds, linyphiids, lycosicls, ancl thomisids

{Table 9-21.

À. lgz:J-?zg
$axj-ma in numbers and species diversity occurred ín early

ryinter of 1973, Numerous ånmatur€s w€re active t.hen. At

all- sites Aglgêga prqteEgåE Enerton genorallv represented.

the clubionicls; gggg!ågelgg laglU$ o.P.'-Cânbriclqe, the ari-

qonÍds; Ç, gJ¿gAliÊgg Blackvall, the linvphíicls; gardgsa
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!Âgesla Banks, the lvcosj.ås; and 9¡yp!!19 ço{tspuE,cgÈe

thorell, the thomi-sids {Figure 9-1) '
on the riclge in the ea¡ly winter of, 19?3-1974, only adult

clubionids uere active, first. males, then fena]es baing

present in ttaps (Fíqure 9-24). Activity ceasæd in miclwint-

er and uas resumecl by adults in lat,e winter' Erigonids lrler€

acti,ve clurinq the earì-y trj-nter as a mixture of iuvenilæs and

femal+s. In srið- anit late rinter a mixt'ure of age classes

r.las actíve, tinyphiids lterê active in ear!-y uinter as

adults, fírst, nales, then feurales. TheY HÈre Ëncountered at

no othe¡ tÍme. In âarly winter the lycosiils Herê 1eprÐ-

sented hy a mixture of age classesr alncst exclusively

inmatuEtss¡ JuveníIes llere active ¿n midvi-nter. Thomisids

occurred more rarely, represented by a mixture of immatures

and one female taken ín early lr¡inter.

fn the woods the clubíonids fo|loued the same pattern as

on the rittge {f iqure 9-28), bnt fever eriqonitls ¡rere taken

than on the ri.cl.ge, though thêT al-so followecl the estahlishect

pattern. The lj.nyphiids l¡erÊ abunclant ín the ryÐods, anrl

again only actults flere actíve in early winter. SiurilarLyt

fewer lycosiils +terÈ taken in the woods than on the ridqe"

thomisids H€rÈ not taken'

The meadow habit,at produced the þiqhest nunbers of

spiilers (Fiqur+ 9-2C). Aitult clubionids, especially nales,

HerÐ active in the early winter of the first year, and one

inmature t.las taken in nidvinter. ûtore immature eriqonids

rlere active than ailults. In midwinÈer a mixture of 16

117



juven5-les and adults vere taken, the larqest uÍnter catch.

In i-ate winter, an inmature lras occasionally trapp+d. As

many as ttZ ailult linyphiiils rrere t,aken in early uinter, the

only season in shich they occurred. Immature anil adult

lycosids occurred. in early wi.nter, and a juvenile ryâ.s

trappetl at tines Ín l-ate wínter. Only a few thomisids $Ðre

takon in early rinter Ò

B" t ef-k-1-!15

In 1974-1975 the number of active spiders increasecl

greatly, Linyphiids ryerË thc domiuant qroup, active in

autunn, followed cLosely bV lycosi.ds ancl clrrbionids lTable

9- 1B) . Durinq the winter {j-ncludj.ng síx lree ks of unusually

h¡arm ¡,reather in NÐvÐmber and early December), the clubionirls

$êre ilominant, l-ycosids and eriqoníds beinq the next nrost

active groups. MûsÈ of the catch {540 speclmens) }ras taken

Ín November and Dacenber, thouÇh sonÐ specinens sere trappecl

in January. Evên ia spr5.nq larger numbers of spi"d,ers rlÐre

eauqht {131 vêrsus 6 indívÈdua1s in 1974}, and also in

suanerr

Besitles the increase i.n numbens, species iliversitv also

increasecl in 19?q- 1975, The cloninant species in each family

llêre as follovs:
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Ee-uifv

Clubioniclae

Erigoniilae

linyphiiilae

l,yco sidae

Thornisítlae

Epg.sles

Acroeca ornata Banks
Þhrurotimpus borealis Emerton¿-------
celetågelgs laelgs

Centromerus sYlga!!cuq
ì.leriene clathrata Sunilevall

Pardosa clistincta B1aekryal1-::----
o¡fp!åf,g cgnspggsêta
¡fefiggg gggglenå KeYserlinq

{See also Fiqu¡e 9-1) '
On the riðge in th+ early winter, 11 imuature clubioniCs

plus some aclults l¡erë taken (Figure 9-34) ' In nidlrinter a

feç juveniles Here trapped, but in late uinter nonË were

caught. Tn sprinq, juveniles and a few nales Ferê again

actj-ve, Only the occasional aitult erigonid was colleeted in

Octobe¡, hut in l-ate Novenber ancl early Decenber there tlas

an upsurge in activity {19 males ¿nil 19 fenales}. Adult

activj-ty continuetl to be detected in JanuarY and that of

subad.ults in February. ID late winter ç. rgglgs rdas

inactive, whereas in spriuq adults auil a fe$ subadults t.lÈxÐ

agaín active. Ê. E.Ége!åçus ceased activity bv the end of

November, In mid-Dece$ber one iuvenile of lîÊiqnÊtê sp' HâS

co]-lected, Adlrrl-ts of this f a¡nily resumed activ j-ty in

spring, L1cosíds Herê represented by a mixture of agÐ

classes in early r¡inter; in fact three of six fenales of g'

Élsli¡ctg Hêre found drasginq egg cocoons i.n nid- ancl late

October. Tn niil-Decembêr, many juveniles of the qenÈra

Pardosa, T,Y.çQsa, !4rantr¡Ia and ÏSgçhgg,a Here eauqht' In¿------
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January, a f,ew suba,lult gardoFa flere active, anð in late
winter a few morè ï€re collecteð. In early t{ay, an adult
nale 3¡g.c,hsga lgggigelg Thorell_ was cauqht, plus juvenilas

of È. Èisliggtg ancl Lycoqa. Of th€ thomisids, the occa-

sional ímmature Tyslicgg hras actj.ve ån *arly winter, in
early January, and in mid-Àpri1. ID sprj.ng juvenile anrl

male [. g-EÊrtggi and g. cogqpr]rgalg resumed activity
aqain. Activity in the other families vas more pronounceil

io early wintær; iuveniles and aclults of the agelenid gênus

glç-uSipg anil the hahniiil senus Uegegt¿gleg, and of thç
qnaphosid genus Zg¿glgË werÈ active, rD late November and

early Docember activity by females of gggeggg (dictynid) and

Neqagtåstea ilas detected. rn miil-Ðecember a fetl juv*niles
and ad.ults of the famílies Gnaphosidaë, Hahniiclae, Tetraqna-

thiclar ancl Theridiirlae Here a}so active. rn nidwinter
ac'Livity ceased, and ån late winter one iuveníIe ageleniil
llas taken. rn spri-nq nales and a feu jnveniles lgêre

collected.

In the woocls the clubionids exbihiÈed the samÈ pattern as

cn the riclge; namely, a Larqe inc¡gase in numbers +¡as f ounrl

in mid-Decamher {Fiqure g-38}. Àqain no act,i-vity occurre<l

i-n mj-il¡{j.nter, ancl onå juveuj-le ågrogç4 yas taken in late
Flarch. In sprinq aclults and a fes subaclults sërê active.
The eriqonid activity pattËrn flas siurilar tr that oä the

ridqç. The linvphiid, c. sylgalicgs., followeil the estab-
lished fiattern, One exceptj-on lras a female pgIE.hqgBê

!g¡¡gg-!¡iS E¡nerton taken in nid-Deceuber. NuûÈrous iuvenilo
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lycosids of tho gënera 9ag4gÞg and lgreqLgla were actj-ve in

early ninter; no actÍvity occurred in midryinter ancl a male

3. leggiggfg !ilas eollected in late April. Irr sprins
-iuveniles anil atlults resumed activity. Onl-y one thomisid.

vas coLlecteil in early winÈer. Both subailults anil aduLts of

the other f anilies rtêrË active until micl-Decenber. trn

midwinter a n¡ale Hgbgåg clnerËg Emerton was taken, antl in

sprínc activi-ty resuneil.

The neados lras the most Froductive habitat for spiders

{Figure 9-3c). Juvênile cluhioni.ds of, the senÊra Asrqggg

and !hruEotíngug wêre nunÐrous, parti.cularly ín early ryj-n-

ter. Sorre continuecl activity into January ancl Februaryr âS

demonstrateil by tho capture of a feu female A. og-!g!ê. In

sprins actults anit ^ fau immatures HÈre active. ;;;;;= of-c'

lgelgs nÈre acti ve from October to february, the qtuutl*t

actÍvity beinq recorded i"n early December. Spiclers resumeil

activity in mid-Aprí1 and through the spring. Ànons the

linyphiitts, ailults of ç. S¡]ggtiggg ru€re mobile until late

Novenber, and thên male anil ìuvenile g. glA!!¡a!g and a

fernale fiacrêsggs qul-teslngg o.P.-Cambridge rrere collecteil in

Ðecember, Tn *rarly January a¡t1 late April a f+w more

indiviiluals of -U. glatlrgta vrerê taken. thê family resune,f

extensive activÍty again in late spring' A mj-xture of

-ycosids oecurred in early wínter, r¡ith a higher prûportion

of immaÈu¡es than in the samê perioil of the previous year

l8'1 .2y, versus 71.4%) . A f ew subadults rler€ coIl+cted in

nid- and late wj.ntef. In spring, act.ivj.ty of ailults anil
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i-mmatures increased qracluatrtry. ltixtures of ag€ classes

occu¡recl ín other fanil-i+s in early winter; in early spring

activity of all aqe classes r*suned..

c. -Uê!i!e!s_gi-Speçieå
The species of spiders taken in each hatitat arê pre-

sented in TabLe 9-3. Twent.y-six speciÉs occurreð on the

ri-dqe, 25 in tÌ¡+ woods, anil 23 in the meadow, Ä]o.pËcggê

AgulgaJa, Pardosa mggËla, Cega!åqCISe laelus, Ieeantfsleg
ag¿llg anil ZelolCe Sgþlgrra$€g€ werë presÊnt in all habi-

tats, vith !. lag=tus preferring the lj.tter of the lroocls and

meadow. Agelenids and lycosiiÌs werÈ most often taken on the

riclqe, whi-le thomisids and dictyniðs preferrect the open

habitats of thç rictge and mêad.or¿, e. s1lggliçgs, g.

lgrgglis and nirnetåds vere ccllected in the roods, and N.

glatþEÊlg $as espÐcialLy prevalent ín the m€ailoç.

D. -Ei¡!e¡:Às!iIÊ_ê!4_E,uenËg_s-pegigg
NÍneteen speci.es of spiders *¡ere active uncler snorrr and

hence arË callefl rfwinter-activêrr. subaðuLts rrsuallT cannot

be j.dentified beyond genus. The winter-active species are

presentetl in Table 9-4.

SumnÐr trappinq for a threæ-ôay period every two weeks

indicatecl a greater sp*cies dÍversity than in autumn anit

lrinter. Ten species which $rerë collected. only in sunmer are

presented ín Table 9-5.

E. çgggg:gti.ons

For each wj"nte¡ period , thæ number of srriders active was
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pool€d fron all habitats and correlated with Tls) {Fiqure

9-4), trn 19?3-'1974 a positi-vê correLatio¡r siqnificant at

the 5% leve} occurretl {r = 0.47), so i.t sas concluded that

their activity lùas directly prcportional- to T (sl {Fiqure

9-44). FoE each habitat, only the correlation with spiders

on the ri-dqe uas siqnificant: the others for the wootls and

rreadow ryÐre not siqnif iea nt. In the first wint.e¡ T {s}

droppeil noticeab)-y to a ninimun of -9"5oc on the cicÌqe t'y

mid-December, uhich coíncÍdeû with tbe cessation of activity

in most fanilies, Also ån nid-¡"!arch, the minimum T{s) began

to increase, associateil trith a rj-se in spicter activity uncler

the snoï. In 19?4-19?5 the number of active spitlers b¡as

neqatively correlated. ryit,h temperature {r = -0. ltQì r âDcl r

sas síqnifieant at the 5% level- {Iiqt¡re 9-48}. It seems

plausible that the unusually t.larin temperatures occurring up

to late November ¡rere partly responsible' aË uas the late

establishnent of the hienal- thresholil {1ate January). Even

when the spiders t.aken prior to snou fa}l 9r*rê deletecl' a

neqative carrelation {not siqnificant} occurrail {r = -S.14).

A siqnificant negative coruelation {at 116 leve1) occtlrrerl

between the numbe¡ of spiders active unûer snor i-n 1975 anrl

the ternperature ctiff,arence betPe+n Î{a) and T{p} {Figure

9-5; see also Fiqures 4-8 to 4-108). The qreater thè

dif ference ån te¡nperature, the feuer spitlers that flêre

acti-ve. Often wb+n the teuperature d.if f ere nce exceeded

20oCn there sas no activity' ID the first few weeks of

pernanent snot,t coverr the temperature difference Has smal1,
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and tha spiders rrêre acti.v€. The period prior to suow melt

was the rev€rse: the tempefaturÊ difference ¡ras usually

s¡aaI1n but spíilers show+d 1ítt1e activity.
In adtlition to correlations batneen nunbers of speeimens

and tenperaturÊ, correlations between ôifferent taxonomic

groups vere ca1culaterl. For spif,ers and mites, correlati-ons

between the two llere not signifieant for both yÈars on the

¡iclqe and in the floo¿ls, while they þrêre sigaificant at th+

5% level in the maadoç (in 1974-1975, r = -0,44). Heac,å

sone conilítÍons i-n the meailow procluce similar activity
patterns in both qroups, For collenbolans ancl sp5.ders,

correlatj-ons flÐre not signifícant in the r¡oods and siqnifi-
cant at the 514 laveL on the ridge and in the meadow in
1973-19?4, ancl $êre reversed ín 1974-1975, So it appears

plausible that collemboles cõnstituùe a portion of the cliet

of spiders under snoìr. For coleopÈerans ancl spidêrs, large

positi-ve correlations rere calcutr-ated {signifieant aL the

0"5% level) i"n 1973-1974 at al-1 habitats, while in 1974-1975

a siqnif,icant correlatj-on {at the 1To level} occurtred only ín

the uoocls {r = 0.79} . Thêref ore it is conclurLeil that
simi-lar activity occurrecl bet,ween these two groups, nith a

possibility of predation by spiders upon beetLes,

r. Expesigg!¡!.8_9!_êg!fg!!f_agd_EËeÈågg-eLlorl_rempeI4!urgs

tive trappinq took place in Novenber, 1974" Two traps in
the woods and. tco in the meado¡E HeEe left with no ethylene

qlycol, but instead, three leaves +rsre added to provirle mor€

niches. LÍve animals were th*n collected by an aspirator,
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placed in separate vials, and. held in a cold roon at 3o to

4oc. cclcl room experi-ments wÊrê made on indivicluals helfl

for 1, B or 15 days at 30 to 4oC in she1l vials Pluqqeil with

moist cotton. Ílhi1e juveníles of Aggggga sPÞ. and Eardgsa

spp. were not abundant in the wintec of 1973-1974, they

!¡ere nunÐrous i.n November of 1974" Also iuvenilæs of

Pbggggllnpg5 spp. $erÈ tçsted. Table 9-6 shows the results

of these experiu+nts. After an *xposuré of on€ minute at

-9 . 5ßC {the coLclest T (s} recorded } , 47. 83}6 of t he indivi-

rluals of all spider species lost t,heir motor control in an

averag€ of 45 seconils, ïlhÊn exposed to -12oC for onâ

uinute, t,hrÊe of the nj-ne inðivíduals test.eil dierl' three

lost motor control ín an averagê of 27 secondsr and threa

remaineð active throuqhout the test,, after beinq helcl one to

t¡ro weeks at 30 to 4oc, The last threc specimêüs appæared

to have acclimated. to that tenperature. one indiviilual

tested on 21 Novemher lost motor control at -9.5oc, but on

28 Noveurber this only occurreil at -12oCt another ind.ication

of acclimation, other farnilies also seen cold-hartly, espê-

cially erigonids, thonisj.ds ancl some linyphiicts. The pat-

tern of morÊ depressed activÍt.y witb progressively colcler

temperatures clearly demonsÈrates orthokinesis (Table 9-51.

Sêv€n juvenål+ clubioniils and trycosí s that survivetl the

cold room experiments u€re maintainad in vials with moisÈ

cotton Flrrqs. Each wask the spiders HërÈ offered t,hree

adult eroÊophlla. At 30 to 4oC, no apparent feedinq or

frass proiluctj-on took place, despite mobÍlì.ty bv the spí-
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ders. Som€ nortalitv occurreil ín mi"clwi-nter clue to ilesicca-

tion of the cotton p1uos, but thre+ indÍvåiluals surviveil

until apri1. IÊ micl-Àpri1 as thç soil surface temperatures

rosê, spiders ïerê transferrerl to goC anil Llêgan to feçil upon

oua GT two of- the thr+e flies ancl to p¡oduce frass. In latp

April af tar transf er to 15oc , the spiilers ate al l the

Ðrgsogþi1q and procluceil characteristic red frass. Thus

feedinq may be ilepenil*nt upon tenperature, and at tempera-

tures of lo to 4oC" the basal uretabolic rat€ is d,epressed

sueh that only wat.er and no fooil is necessary for activity.

Table 9-7 presents a list of known nearctic ancl lrolarctic

speeie s of spiclers occr¡rrÍng in southern Manì tot¡a . Six

nearctic antl six holarctic specå+s arÉ listerl.

IrI. DTSCUSSÏON

The eriqonicls, ç. lÊelgs anil ç. lgeÈgÞilig O. P , -

cambriclqe, arÊ present, as adults all ysax {Kaston 1948} ,

Hhích ccncurs lríth tha results in southern l{anitoba, Soíl

surf,aca tempe¡atur+s greater than Ooc procluce an íncrease in

nunbers after the sprinq thaw; at tínres a few hours per day

is arlequate for activity (Huhta 1965). In southern t{anito-

ba, g. lgelus, one of the nost com&on species, llas actj.ve

at T (s) of about -BoC"

Linyphiids ar€ known to be cold-hardy ancl wintÊr-active.

Durinq the early ninte¡ urati-nq perioô (october to IJec*urber),

winter-active C. Egfgg!!çug exhibited uraxi.nal activity and

uas t.aken in pitfall traps i-n the woods of northern Europe'
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Sweden, Finlanil, Alberta and Connecticut lKaston 1 948,

l{ilIiams 1962, Buche 1966, f(ronÊsted.t 1968, Àlnsuist 1969,

¡lair 1969, Huhta 19?1 , Granström 1973, flâgvar 19731 . A,1ults

of this species in southern t{anÍtoba were active j-n October

antl November, particularly j-n the woods and meailoi¡, the

habítats wj-th the nost litter, but HÊr€ not acti-ve later in

the winter. Presumably, tenperatura is a limitinq faet-or in

their r¿inter act,i-vi-ty. Àlmquist 11969¡ troulcl classífy the

presênce of only ona age qroup in the over¡¡intering perioil

as €xcêptionalr se it appears that the occurrÈnce of arlult

ç. SIlyê!¿cgE in l{anitoba is Ëxcêpt,ional.

Í{inter actÍvity of lycosiils may be sean on warm days

{Williams 19621 , ancl tltuna anil l'luma {1949} trapped imutaturës

of LgggÊa sPÞ, in pitfalL t,raps durinq the hiemal {winter)

period in Nebraska, çhi1e Breymeyer {1966} in Poland f,esíq-

nateil lrgg.bgga as winter-active, trn southern t'Ianitoba, this

family representeil one of the com$on rti.nter-active groups'

especially e. diËJÈnçtq in the seconil flinter. In ftollancl,

vlijm Ê! ê1. {1 963} noted somç smal1 esq cocoons attachçd

to active fe¡nales of, g" aEqnêta Cl, r anil Kaston 11948)

someti¡nes noted g. digti¡glg rith an esg sac in October.

Hencs the presence of three female g, êig!ågplA nÍth egq

cocoons in ûctober of the second year ryas nst extraortlÍnary,

Hínter aetivity of Èhomisirls uas notecl by l{uua and I'tuma

{1 949) , especially bv Eygliggã Eggggrrlgg Banks on the soil

surface of a beech-maple forest in Nebraska. In Poland,

Kajak {1960) sau tuo aqe classes of N, g}gi Hahn. âfld }.

127



c5¿stêlu5 throuqhout th* llhole sÉason. In southern [lanit¿-

ba, the winter activity of thís fanily l¡as less freguent

than that of mosÈ other families taken, Kasion {1948) noteil

ailults and subailults of T. fggmlsingË overwinterinq, and

overnintering by iuveniles and fenales has been notecl

{Holmquist 1926, Kôston 1948 r Ãlurquist 1969' schutoller

1969). Thj.s sÊems to be t.hç rule in southe¡n Manitoba. It

nay be humidity, not teurperatüEê r that líuits the activity

of thonisÍ"rls, as Koponen e! aI. {19?5} have suggested.

Under the snolr tha relative hunj-rlity approaches 100%.

colil-hariliness in spiiters cas recordecl for the families

Araneidae (Kirchner and Kestler 1969), Clubionidae {Almquist

1969) r tinyphiiilae {Bolska 1957, Buche 1966, Hágvar 19731,

and Lycosidae (flolska 1957). Alnquist {1969} noted colil

tolerance in the clubionids ÀgEogg4 pgg¡i$3 and 919!ig+e
.,.-.slrni}ig; in the present study, adults and juvçnilas of À.

olnela ancl 4. pratgnsis tlere also f ound colil-harflv'

Althouqh some authors found lycosids actj-ve in winter

{Holrnguåst 1926, Williams 1962, t{iyashita 1969, Graûströn

19? 3) , only flolska I'1857 ) ín Polancl cleterminecl t he t hermal

preferendum of lygosp agIgELËåS to be 3o to 13oC. Juv€niles

of g, È-iqtå¡Stg taken alive in November in southern

tulanitoba proveil to be cold-hardy, In adriition to these

familie*s, the eri.qoai-cls, dictynids, aqeleni,ds and thomisids

nust also be cold-hardy, presurnably as a ¡esult of super-

eooling of their bocly tissues,

sinÍlar to the c-R clubi.cnids in sveilen {Àl-mqui-st 1q69} '
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males of AgEoegg in woods arÕuntl Eilmonton showecl a suclden

burst of activity in early wínter, ar¡d females showerl littla
activity {}lair 1969) . Cçrtai-nly Agçgeçê spp. lr€r€ active

in early sinter in souther¡r üanitoba. Kaston {1948} took

females of çås!¿age$iÊ gågggfglg C. t, Koch in the ïinter

in Conn*ctàcut, $hile at Fort lflhyte this species only

oceurred in nidsr¡mner {Table 9-4) .

There are many clj-saclvantages to usinq pítfa11 traps:

namÐ1y , l'll inactive species are not taken i {21 no aerial
species are taken; {3) sone individuals crardl out or arÊ

eaten; {4) qualitativa, not quantit,ative, data are obtained;

{5) tbe catch does not refL+ct accuratËly the relativæ

abunilance of different species; and {6) in spring floodinq

of traps naï cccur {Huhta 1955, 1971; t{air '1969, Ilason 1972,

Uetz 19751. Às a nêans of iletermiaíng species cliversity, it
is one of the bsst methocls for samplisg *anf,ering spiders,

the nunber of each species trappacl repres*ntinq the prorluct

of their activity anil thei-r density (Näsnark 1964, Uetz

1975) . Hence, this trappinq methotl iaclícate¡ the copulatory

perj.od in uhich numbers pÊr unit area arÊ maximal, ancl uales

outnumber fenales {l{una ancl l{uma 1949, fluhta 1965} . Koponên

{1971) also found large numbers of ilifferent carnivorous

grouÞs in pítfa13. traps, intlicative of theír ímportance ín

the ecosystem. Àl-nquj-st {1969} claimed that pj.tfall traps

clo not take f.inyptrii.d.s anrl saltj.ciils; the commcn occürrence

of ç. Sglgê!åSlE in pitfalt traps disagrees wittr th:j-s

conclusj,on {Kronesteilt 1968) . Àlso at Fort }Ihyte many Ç.
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sylyg!ícus HÐrë taken in early sinter. Tn the snowfree

periocl' especiaLly when a spidetts basal metabolic rätê lras

hÍrrher, r observecl spiders cliurbing out of a trap on the

silk drag Line attached tc thej.r spinnerets. ftason l1g7Zl

also observed sma 1.1 col-e opterans of ten avoidlin q pitfalt
traps. lraps containinq spiders often hacl exuvia of other
invertebrates that presumablv had been eaten. ptason llg7zl
eaptured shrews and frogs in addition to invertebrates in
his pitfall traps; at Fort Bhvte in the sno!{-fr*e perioils
youns Rgga Sflgg!åça anil a few gpIe4 qånesegg werê al^so

col- lecte il,

ûetz {1975) found that teurperature uas not an exc}usive
factor that linited activity of spicters in sumner; this may

also be true in ryinterr êspeeialLy prior to the ti¡ne of snolr

melt ¡¡hen T{s} arÊ ralativsl-y hiqh, bur, there i_s Little
acti-vity. lluhta {1965} nÊntioned that clinatic conditions
ia late summer and autunn affect thÊ numbers of spi.ders
present 1n autumn. rt appeaxs that in 1974 conditions lräre

favourable for proiluction of spiders, since their numbers

reuìained relatively hiqh Èvsn until the f,ollowing sprinq.
The nunber of animals trapped is a procluct of actj-víty

{horizontal novement} and density, and those aninrals trappeil
eit,her have a hiqh ilensity rr ar+ particul_arly active in the

subnivean space {Näsrnark 1964) " Activity of spiclers on thç¡

ridqe in llarch , 197t1, sas vêry 1o¡¡ {0, 5} eompared to
Novenber, nhen the neasurÊuent of act,ivíty Has eleven tines
qreat*r {5.5} ' rn the iloods, activÍty }ras sliqhtly above

130



1.0, and in Nove¡nber and in Þtrarch uaË 0''!3. Ia the meailow'

activitV in ¡6yç¡þ4¡ was Il,3 antl ia Èlarch 0."10. A clecrease

in activity occurred progressively durinq r¡inter, irrespec-

tive of the densÍtÍes deternined.

Those species nhich wer€ described in the lj"tçraturê as

holarctic ale li.sted in Table 9-7. This list is not

compLete, compare¿l to data f rom Finlancl (Pruitt I pÐrs o

comm.). Sêvên of 49 spêcies bave knosn holarctic distribu-

tionsr âtrit three specíes mêntionëd frequently in European

literature are c, sylggliggg, T. gg.Egig.glg ancl Z. gu^þ395-

IASgus. ID atldition, six species that HeIe classified as

nearctic ar€ li-sted.

llinter-activity of species in Europe has been nent!-onedr

in particular, the f-inyphiiô g. sglvqliggg {Buche 1966,

Kronesteclt 1968), a species that also occurred in Î'lanitoba.

A total of ni-net€ên wínter-active species in üanitoba are

members of qenêra that have Dot bËen recorcledr or have not

shafln ryinter actívitY in Europe.

TV. SUT{T'TARY

Activity under snoï Has posi-tively coxrÉlated with T{.s)

i-n tbe first flintÐr anô negatively colrelated w,i-th T {s) in

the seconil r¡inter, presunably due to miltt weàther condj-tions

in early lrinter. JÐ €arly 1975, the aumbar of animals

active ïas n€gativeS-y correlated htith the tenperatur€ díf-

ference between 1 (s) and T {a) .

Clubionidae wer* active j-n the early ryinter of boÈh
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years, mostly a¿lult,s ín the fírst year and. maj-nly imnatures

in the second yÊar. In the meadow ín nidxinter, activity
qe¡+rally ceaseil, except by juvenS-les during t,he seconil

winter. A snall amount of activÍty occurred i-n late uinter

of a míxture of ag€ c lasses. In spring ¡ â clul.ts uÐrê

preclornínantly active. JuveniLes of the genus $grogeg Her-e

found to be colcl-hardy, rÊmaininq acti-vË at -12oc. The

speeies taken nerÊ also uell-representerl during sumnÈr.

Erigoniilae s€re qenerally renresentecl by adults of ç.

lagtug, which Here n<¡st frequently encountered on the ririqe

ancl in the meadon, This fanily exhibíteil actívity throuqh-

out thc year aad !ùas one of the two nost flinter-active

faui-lies, Ailults of this sFecies lgsrê taken throuqhout the

year, indicating that it ís probably eurychronous {TretzaI

1954).

Linyphiidae wêre rÊptesentecl ouly in early sínter by the

holarctic species C, S1lgg!¿ggs in the'woocls, This speci.es

has an autunn matínq perioil ancl is therefore active in

october and November anil nay be rliplochronous {Tretzel
1954), Virtually no other activity by t.his faniLy occurreil

from Decenbar to April. fn Mayn aduLt activity resuned.

aqain. This speci.es was rarel-y sËÊn in summer on the soil

surface, while other linyphiid species !{ere actíve.

The lycosiil species w€re active year-rounil, comprising

the other ryinte¡-actívc fanily. Nevertheless, thei-c main

activity ffas in summer {Tables 9-1À and 9-18), Thís famÍly

was conmonly seÊn in sunny habitatsr j-.ê. the riclge and the
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neaðowt IB Êarly Hintêr a níxture of age classes occurr+d,

ni.th the genus PardgÊe being vêry abunclant. Àet,ivity
practícally ceased in the niilwint,er of the first y€ar chile
in the seconil year some juvenÍles, nostJ.y ge¿dgsê, remained

actire on the ridqe antl in the mËaclow, Colil room exparÍ-
ments determj-ned t,hat subailulÈs of the genus pagdesa 1rêrÈ

actlve at -12oC. ProbabÌy most species ate stenochronoüsr

The thonisiils occurred less freguently than the above

f anilies. Host activity flas exhibiteil by iuveniles anrl

femal-es ín the early wínter, They rere collectetl on the

ridqe and in the neadolr, occasionallyr a ìuvenil* rras taken

in uicl- and late wint,er. In spring I à. mixture of agË

classes resumed acÈivity, includinq aduLt males; thereforê,
this famiry is assumeil to be stenochronous, The species

taken in autumn anil winter llêr€ also present in summçr.

Other eursorial families were collected in winter, but

gene¡ally llÊrê rarê, Those species ¡Íers aLso taken in
summ€r' conseguently, nonÊ cf the 49 species colleeteil u*re

excl-usivel y winter-active.

SprinC activityr ôs deternined by pitfall traps, r¡ras 1or¡.

Possibly this sas bêcause of the g€nerðl wet conditions

whi-ch follouecl snoll mert. At that time thrse dímensions

again became availabLe to the spÍ.ders, and many speeies must

have novetl to bushes ancl trees to avoícl the uet conclitions

and to pursue their prey ' The meadog was the nost protluc-

tive habitat in tÐrms of nunbers of spirlers.

The increase in winter actj-vity in the seconrl yêar Tras
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narkedly greater than in the fírst yêar {540 individuals
vËrsus 176)¡ evÊn in spring a Larger numb+r was active 1131

versüs 6). Species di-versity was hiqh in autumnr los in
winter, ancl qrailuallv ínereased in sprj-ng to reach a hiqh in
summet.

The five rnajor famili¿s appear to be adaptable with

respect to tenperatutre. In the f,irst wi¡te¡, the drop in
T{s} by urid-oecember seemed to tinit their act,ivity, except

for the eriqonids and lycosi-ils, activity cas positivery

correlated vith T{s}. rn the second flinter wi-th its unusual

snow eonditions, tha clubioniils Here also winter-actíve.
Activj-ty' Has neqatively correlatetl with T{s), and the number

of animals active was neqati-veIy correlated ryith the tem-

perature clifference bêt1,¡eeD T (s) and T{a) . Likeryise as the

T{s) rose ín late uint,er, activity qradually resumed. À1r

fanilies, except the linyphiíils, appeared to have nore than

on€ age class present in the overtintering periocl. Species

diversity Has hiqh i.n autumn, lor in winter, and qrailuaLly

íncreased in sprinc to reach a maxímun in sunner. Nínæteên

species ïerç fcund to be wi¡ter-active.

V. CONC'T,USTON
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Fiqure 9-1

Soma representatives of the princiole spide¡ f,amilies:

a)

b)

c)

d)

clubionid Àggogga psgtgnsiç fenale;

clubionid !-þggggliqpgs þgrealle femal-e ;

erisonitl ÇeEAligelgs lggleþål*g uale, lateral view;

erisonicl Çeggligglgg JggÈue male, lateral- viev;

linyphiid $eÈlfphanleS pg:¿¿ge male, lateral víen;

lycosiil SAIdgsg .gogsla nale;

lycosiils g, 9!S!ågg!g nale anil female;

thomisitl !¡gp!È]e cqg.€lgrgela fenale;

thonisirl ¡fg!åcgs pgnçlatì¡s fenale, similar to
X. gmgEtorr,i; anil

hahni-Íd $gSegtlSlea ggå1åg female lafter Kaston 1 948) .

e)

f)

q)

h)

i)

i)

13s
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Numbcr ancl fanrilies
in 1973-19?4 {À

Figure 9-2

of spiders taken
ritlq+; B - woods;

at each habitat
C neaclow) .
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Number anil fauilj-es
in 19?4-1975 {A

Figure 9-3

of spiders taken
riclqe; B - woods;

at each habitat
C ueadow).
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Fí guce

Cor¡elations betïteen number
'(À 19?3-1e74; B

9-4

of spiclers trapped and T{s}
1974- 19?5),
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Fígure 9-5

Correlation between number cf sp -ders trapped and tenpera-
ture difference between T{s} and T{a) in 1975,
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Table q-14

Nunbers of Àraneae Active Seasonatrly at Fort t{hyte, Hanitoba
1973 to 1974

Date

Clubionitlae

Eri qon ldae

Linyphiidae

tycosí dae

Tha nisiil ae

ot he¡s

Total Number

Autumn*

2'l

10

128

7

4

10

185

!{i nter

24

6B

2B

29

10

14

173

,1. Trappíng occurrêil only in the Last three ryeeks of October.

** One collection only.

Spr j-ng** Sumner

3

0

0

2

0

4

20

1tt

3

113

24

17

1q1
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lable 9-18

Numbers of Aransae Àctive Seasonally at Fort I{hyte, t{anitoba
1974-19?5

Family

Clubionidae

Erigoniilae

Linyphiidae

Lyeosidae

Thomisirlae

Others

Tota1 Number

Autunn

75

16

86

77

11

34

299

l,li. nter

215

q5

46

112

28

35

531

SÞring

15

34

10

42

I
30

140

Summer

2A

26

18

155

51

29

299
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Table 9-2

Species of Araneae Taken at Fort f{hyte, l{anítoba*

Fam, Àge1*nitla*:

Àgeleggpsi5 eglgesa certsch and rvie
AgelÊ!.epeåS pe!!eç! nlackvall
AgeJgnopsÍg utgþane chamberlaÍn and lvie
c-ic.Urin-a rgÞ"gEla sinon

Fa m . clubionÍilae:

ÀgroÊca g¡nata Banks
lgrogca ¡ratgnsls Emerton
cagtiagglra gjBgu_Iglg C. t, Koch
çfubio¿e jglgseei Gertsch
lIrunolig3uS Þegealig Emêrton
gc9!¿-eÊ114 pgggnq!4 Enerton

Fam, Dictynidaa:

Asggnna ebgg_g Emerton

Fam, Gnaphosidae:

lggseodgF sÞ.
zelglgg Suþtergggegg C. L. Koch

Fam. Hahniiilae:
Eghnig cåggrga Eurærton
¡lÊgapliglee asålås Kevserlins
NegagtlEtÊg -EipegÀA Keyserling

Faü. línyphiidae:

centgosgluE Ê-ylva!¿ggg BLackçal1
!S¡!!:pheÐÈes sp,
l,lacrarqus nullesimus 0. P. -Caurbriclqe
tlgiong!Â sp.
Eegåsqe J.!åsg¡biAI cle!.h¡Ale sunilevall
PorrhgurBa legggslgåg Enertsn

Fan, f,ycosidae:

Alo-Egcosa l.LergBË91êL gguleqla cle rck
lypgsê !¡gndåce]g Emerton
Pêg{tgsê _dåSlj¡gie Blackvell
gargesa -fueggle Thorell
gq¡lgee qEgqnlaldice Thorell
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Fam, Lycosi-dae (eon I t,) :
PqrdoËg Foe.€la Banks
lgoghogg !Êtåiggle rhorell

f'an. I'liccophantidae {Eriqonåilae) ;

qeËgt¿sglug lagtgË o. P, -cênbrid.qe
gCEatågelqs Åee!åþåliE o'P. -câEbridqe
DipÅsce-pèe]g5 çggeatgs Emerton

Fa m. lli¡ne tÍilae:

EEq gegiggig Chamberlaín and lvi.e
Efo gggcalg villers

Fam, Salticidae:

IÊgÐ sP.
phj.ditpug glilqgniå eeckham ancl Peckhan
lalarars ginqlg Banks

Fan. Therídiidae:

ESgygpSle argeglga Emerton
3!eçÉ4åg¡ sÞ'

Fa m. Tetragnthiilaa : 
"

Eech.ygga-lle lgielgiate c, L. Koch
Tepregggllg sp.

Fan. Thomisirlae:

ozyp!åla gonspgggaÈa Thorell
p,äpÈilg ÊinceEê Kulczynskì
oAvptål4 singegq çÊågqg.Es¿Ë Dondale and, Êeilner
rbg¡Ê!-Us lg¡-uigitgS cl+rck
Ibanqlge ggþigel-lgs 11È 11o-L*itao
ri-ÞS¡fgg sF.
xys!}cug Ë-qsrto!¿¿ Kevserlinq
lysticgg feEo¡ Hentz

* DeterminatiOns by Charl-es D. Ðondale ¡ B. R,I, ¡ Ottawa,
onÈario.

143



Table 9-3

Species of Àranea+ Taken in Each HabÍtat at Fort I{hvte,
l¡!anítoba

Ridqe 126 species):

sgef,sge-psås actuosa
A. qtqh-eqê
Àggoecg .pEgÌÊ¡ìÊåS*
lragqgdeË sP.
ZelsÊes sgþ!ÊqgêseqË
HahnÈe cinegg¿
leeenlislee egilis
çggËsgggqus sglvaligue
ålgpecggg acglggÈe
Êgcos4 tropåâogÊ
EssÈeea AåeÈissle*
P. grÐellâE-dåge
P. gogsta*
!¡eslose le.r¡igglsgeraligelgs laelgg*c. 1ae!ê&!Ååe
Neon sÞ.
gglavete migg!Ê
llgri{igA Ëp,
Ogyglilg sp.
Jgs!åggg sp.*
IysÈiggS esÊrlgni
X¡sllegs fgggx
.rhs!êtg5 Egssisåsgç
Àrgênna s¡esa

[{ooils 125 species) :

agsfgeopsåS polleeå
Aggogcg aEIAtg*
Phg.uEs!åsesg þogealis *casllaneira ci-ggulgla
Sefeleg sgþlgËrqgêqs
Iueesulislee esi3Ís[. såeasig
çeglf ogeEUE EglvasiguË*
!,esisse ç-lâ!¡Es!a
gÊåggg!Ê sþ.
Poghoggg le¡geslsåe
Alr:pccsê êg-gleêlg
P.erdgse EgeËlf*

l{eadow 123 species} :

çåsgËlsê nsþusla
AgËgg.ça oggale*
clgÞlege jshgeoni
-Eeåg,!ee sgbtgEsanggs
Hgrþnia çåBeEÊa
899ås!is3ee a.så]ås
{, riparie
åeeÈ}¡¡påêlles s p,
-Uclgggt.a sp.
-{esåese c}alhgalex
-Uêç.Eeqgug m.Ult.Ê s i mgp
ÀlepecqSa fgufeqlg
BgrÄgga Euscufa
!' nogs!4.*
çe5glisÊlr¡s laglgS
Paslrgse!åe !sis!Eåa!ê
Þqoligella pggnqta
pglpgåla çqnË-pglcala*
Irg!'åçug sp.
S}asaÈgç rgÞiselfse
I!þg1l.us sp.
Àgqegga obesa

* coilmcn

rJoods {conr t,) :

ÐlplocÊplefse cgnealgg
lgo çanignig
E. Éggcale
PblÄlpeus -u}å!sa¡å-
Egtyopãie a¡geglga
Ietrggeêtåa sp.
Þsg!ågella pggg4ïa
ggrplils gilcgsa
9. S. çAnegêgs¿Ê
Isgllggg emgrtcqÈ
ÇegeligClus l-astuq*
Írochosa terricola
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lable 9-4

list of Species of, ]línter-Active Spiders Taken
ForÈ Wh yte, t{an j,toba

Fa mÍly

Clubioniilae

Erigonidae

Linyphiidae

Lycosidae

Thomisíðae

Species

Agloeqa or&glg
À. gLatggg¿E
Êhçugg!åE.pus &srêaååS

Çe¡glisefgs f,eeÊss

ce3lgoggËgg Eglg Êt icug
gÊ¿gge!ê sÞ'
NeElsns sf,elbgelg

Pardg-Ëâ dåsÈåsgÈe
g. gg.egÈe
rrg^çbggg teEriggl.e

Q¡ypÊilg cougpuqg4Èê
rhangÈsÊ, IgEgigipge
xvs:[icgg êqCrlqni

$ehqiå ginÊ[ea
lsees!åglee råpesåe

Çicsrlqe sqbuslq

Ileg!êrge sP.

NËon sp,

3êtrêggglbg sp.

Eahniidaë

Àgelenidae

Theriiliådae

Salticídae

Tetragnathidae

at
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Table

T,ist of Speeies of spiders
Fort llhyte,

Fa mi.1y

Ageleniilae

Clubioniclae

lr j-qoniåae

Gnaphosiclae

Lycosj. dae

Salticiäae

TheriiliÍdae

Thomisclae

9-5

Taken Only in Sufiner
Hani-toba

Species

Àgelegsgeåe gglggEg Gertsch and lvie

Çeg!åane¡é+ clggglgle c. L' Koch

Diplogeglelgs çUneêtgs Emerton

Drassgf,gg sp,

Serdgga J-Eeggf,e Thorell
Peslgee -gEqgqlÊqÈige rhorell-

Ealgvera måegle Bauks

EgryopsiÞ 4rgÊgtga Emerton

EhegeluS fgligellgg l{ello-Leitao
X.fsliggE {grox HenÈz

at
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Tabl"e 9-6

Immature Clubioníils and lycosirts Testecl in Cold. Rooms
{33 Trial-s, 23 Inclivi-duals}

Temperat ure
in oc

3- 40c

-4 0c

-9, 50c

-12ÐC

Exposure Numher of
Time Spårl.ers

Tested

5

3

minute s

ni-nute s

ninute

ninute

d( AII held

** Three of

Nunber of Spiilers lüith
Normal toss of ttlotor
Àctivit,y Control

23

23

23

9

one to tryo *eeks at 3ü to 4oC.

these speciuens ilied.

all
all

{sloller )

12

3*

none

none

11

6**

1tt?



Table 9-7

tist of Known Nearctic ancl [to]arctic Species of Spitlprs
Occurring i-n Southern l{anitoba

S pe ci.es

NEARCTTC

cegellcelss feelaÞåIås
Paglosa gËggnlan!åce

xyEticgs emerggn¿å

Qgyptila gogsluFeala

Ugaanlislge rå-pa¡åe

Egbgle ciseEpa

HOI.ARCTÏC

cggggq.qgr.gs ãf 1-gg! icgs

gag-EêIgus gullegiegS

Ie¡åese slct!¡ele
Tlog.bgEê lesrigolg
À1g-pgggSa. gculeala

Thanêtus fgrm!çå¡gg

Zç1otes suhterranêus

Beference

Chaurberlain and Ïvie 1947

llackman 1954

Chamberlain and IvÍe 194'l

Chamberlaín and Ivie 1947

Chanberlain ancl lvie '194'l

Chanber].ain anil Tvie 19t+7

Hackman 1954

Linilroth 195?

Koponen 1975

Koponen 1975

Koponen 1975; Hackman 1954

Koponen 1975; flackman 1954

Hackman 1954

148



T. RAVÏEH OF LÏTERATÍJBE

The Opj-liones, or phalangids, ars ûocturnal pr€clators and

scavengers, feeiling on a variety of species of soil fauna

fÎodd 1950, Savory 1962, Cloudsl-ey-thompsoß 1968, Ðallwork

1970). ThÊy ar€ most, abundant in ryoodland, occurrinq in
litter ancl on veqetation {savory 1966, fiallvork 1970),

Hitlians {19ó2) found aflults active above t}¡e grountl layer

in trees and collected them in pitfall traps i-n autumn llhan

they clesceniled to mat* anil oviposit in the soil. Juvenil*s

uhich had not begun vertical migration ïere also trappeil.

They arê nost abund.ant in late summer and early autumn.

IIsually eggs and some newly-hatcheil Toung overrinter lI.lil-
lians 1962, Savory 1966). Schmoller {1970) díd not finit

adults irr late summèr and early autumn in his traps in

Colorailo alpine tundra, and hence conclud.etl that they arÈ

probably unable to overwÍater in that habitaè. In subarctic

Finnish birch forests {690N), 97"3% of, the catch consisted

cf phalangiils, -Uilppgg ggf¿S Fabcicius being coilron (Koponen

1971) , The duration of t.he life cycle is temperature-

da pendent, varying f rom one yçar f or lfggsJ-ophgs !ÅSg¡S

Thorell anil TaEaggs gggbgl.ë¿ Sinon in Colorado alpina tundra

{Sehmoller 19?0} to more than onÊ year for gemaslgma fgggÞgg
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in Englanil (rdallvork 1970) .

Th€ activity of nhalangids is humj-dity- anil tenperature-

ñepenitent. Todd {1949) tested f,our species in temperature

qrarlients in an atmosphere cf 1005 relative humiclity and

found that nost species survive one hour at -4o to -4.5oC

aft,,s¡ acclimation at 16.soC. phg}aügig& Epål¿q t. uas

killed after one hour at -goc, its critical ¡nini¡ral tempera-

ture, Toclcl {ibiå.) ascertaíned that specS.es collected in
exposeil habitat s hail qreater tolerance at loner

te mperaturÊs.

Irillians {1962', found that act,ivíty ryas hunidity-
de penclent anil that noct urna 1 a nil *¡inter activity ¡vere

correlated" At uiqht and ín uinter, temperature is lower

and relative humitlity higher, In ryinter he notecl that
nocturnal novement was :five times grêater than movement in
th* dây, indicatinq that the factors controllirrq the actívi-
ty of small invertebrates llere present at niqht ,anrl in
winter (Ifillians 19621 .

TÏ. RESUTTS

The seasonal- catch of phalanqícls ís presentecl in Table

'll0-1. In the first trapninq peråocl, tno specimens flere

collected in the meadow, an aôult uale eÊigIlgg sp, on,

!!g!ug wood in nid-October, antl a 1uvenile lelobugun sp. in
rnid-June. In tha seconf, period, four inclividuals flêre

collected Ín th* woods, and one fron the meadow. Single

specimens hrÊre collect.ed in the woocls at the ond of October,
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in the first week of I'Ioïember, in early t{ay anil in late ¡lð.y.

The two species trapped are }isted in labLe '10-2.

No temperaturês $erÐ available for 1973-'1974. For 19?4-

1975, the recoriled soil surface teuperature at the enil of

October lras -t,6oe; in the first ueek j-n Novembec the

temperature vari"eil between 0o and +4oC; in ear.ly t{ay it r¡las

+2oC.

The period of vertical någrat,ion fron trees to the soil

surface for aclult phalangj-ds oçcurs in autumn, ât Hhicir tim+

they usually rnate and ovipcsit. At this time, thêy are nosÈ

likely to be collectecl in piÈfalI traps, Juv€niles are

usually taken at other tiuras {llilliarns 1962, Savorv 1966) ,

Three of the sevên specíme¡s collected in thÊ present studly

in southern Èlanitoba fferê trapped i-n this time periotl, one

of, shich rtas an aclr:lt na1*. while phalanqids arç commonly

caught in subarctic Finnish bi¡ch forests (Koponen 1971),

they are rarê on tha soil surface in southern Manitoba.

Totlil {1949} found that Èhe specíes wj-th vhich she

experS-mented $*rê able to survive at -4o to -4.5ÐC for on€

hour, ancl furthermore that -goc was the critical minimal

temperature for g, qplJiq. g. påglgg appeared tr: be

active in the temperature range of -0,60 to +4oC in autumn

and early winter.

TTI. DTSC{ISSJON
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ïv , coN c tlts Io l,l

Phalangicls occur rarely in pitfall traps in southern

tfanitobar usually only after they have cl'escen{led from the

trees in autunn and before they ascenrl them aqain in spring.

They Ì{era actj.ye in the temparature rang* of -0.60 to +4oC.
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Table 10-1

Numbers of opj-líones Trapped Seasonallv at Fort !{hyta,
llan ito ba ; 1 973 to 19'15

Year Autunn

197 3- 19'7 4 1*

19't 4- 1975 1

* Trappíng occurred oaly in the l"asÈ three seeks of October.

** One colleetion only,

flinter

0

1

s pring

Table 1A-2

Speci*s of Ðpilion*s+ fron Fort I,lhyte , Èlanitoba

0*+

!Cåo^þun_!q

!4åelJus

c{ielr us

Sunmer

1

1

SÞ.

sp. rr. påglus Hood

piglg€ $ooil

* Determinations by: Charles D, Dondale, B. R. I,,
Ottawa, Ontarior
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Acari-nar o[ mitas, ar,Ð espÊcially common in soil, humus

ancl liÈter of clecitluous forests. The suborilers Prostiqmata,

l{esostlgnata, Cryptostiqmata and Astigmat,a contain preda-

tors, parasites anil cletritus-f eedsrs, Largër mi-t,es¡ êr Ç.

gÊrgênggus sp., are usually seen in litter or on the soi"l

surface {Fallwork 19?0}, they comprise ?0 to 8096 of the

total fauna in mosses, Èop soíI-s and humus of iloods, and up

to 95Y, of the arthropof, specj-*s Ín E*q1ish heathland {Huqh+s

1959). fn southeastern üanitoba, corÈ samples of soíI taken

fron Hay to Decenber containerl 7A species of mÍtes , 59s, of

which were cryptostiqmatids, 27% mesostågmatids, 1396 prostÍ-
gnatids anil 1}l astiqmatÍds {Osnaltl ancÌ lrtj.nty 1970) ,' First-
Iy, Ëespons€s to temperatur* by mites are considered, anrl

seconclly, each subordEr except the Astignata wí11 ba

discussç.d.

',{a11uork { 19?0} examineil nites f rom *tichíqan ancl from

Ghana in a tenperature gradient that ranged from 4o to 50oC,

såth constant relatíve humiÉlity. They ïerê preconclitioned.

for twelve hours at 23oC anri 30oC respectivelyr' shich tdârê

the nornal litt+r tenperatures at mj.dclay ín the trottest
sÊason of the yêar. The tole¡ance zone for the North

Àmarican species ïas narrory (160 to 2BoC), anil nost species
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avoid.Ëd tenperature condit.ions outside or near their critic-

al lånits, the loryer and upper limits beinq 15o and -30oc for

most species. The tolerance zone for the I{est. Àfrican

species uas 1Bo to 360C, with lower anû upper critíca1

limits of 1?o anil 37oc resp*ctively. Pr€ference zolles

seemed to be 25o to 3OoC. WalLwork {1960) descri-bed in

ctetail the response of mites to colil stupor anil inmobility,

Th€ threshol-il teuperature for developnent of the mite,

PanonygþuÊ glmå Koch, was determined i.n sumnÐr to be 11.7oC

(Putman 1970). That ïas the tenperature at ¡rhích eggs nêrê

able

founil

which

to hatch anð produce fertile aclults, S/mne t1965b)

that eqgs of the samê species contaÍneil sortritol,

Norl{ay

decreased the supercoolinq points, Stenseth {1965) in

recorrled colrl-hardin*ss ia Eglqggyghus ug!¿cap Kcch,

as shown by larvae and cokl-acclimatetl fenales whj-ch llere

active aÈ 15oC. He also not*il Èhat diapausinq feurales

surviveil colcl tenperatures bett,er than Èhe supercoolæil,

active f€ma1es.

Temperature also affects Èhe rate of development; at 20oc

PeggaEasus cEggsipgs L. requires three ¡reeks to develop

from egg to adult, four weeks at lsoCr and up to 94 days at

7,3oc {r.Ial1çork 1q70). It¡ northwest Icelantl where the nêan

annual temperat.ure ís 2. 50c, Cloudsl-ey-ThonÞson { 1948)

collected prostiqnatids Eg.y!.bsggug sp. r ÞgÊI!ê gemiscgtata

Thorell, ancl mesostignatids Segggqaqgs !þgspus Berlese and

e. rglgslgE Ouclemans. Gasdorf ancl Gooðníqht {1963) noteil a

possible correl-ation betlreen the number of mit s and ten-
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peratur€ and none betreen the nunber of animals and soil
moisture. A d,ownr,ard movenent of mites Ínto humus yas

cbserved at the ons+t of ninter, ancl these låtter-ilwellers
had lory thernal preferences {Tla3.1wo¡k 1970}.

The Prost,ignata arê prerlators and ilelritus-feedersr usu-

ally in soils l¿ith high orqanic content lllallwork 1970),

Th+ order contains nunerous families, six of which silL be

di scussed. The Anysticlae i-s a cosnopolitan f amil y that
conÈains speeies that are predaceous on miÈes and small

inseets that oõcur in leaf litterr orl p3-antsr Çrâss âDd soil

f Baker and Whartor¿ 1952, Krantz 1 970) . Àgaldig e]!åCg.lg

flirst uas colleetecl on Uount Everest at 5,000n {Itughes

1959). The Bdellidae is composed of sp*cies that are

predaceous on spider mites and ccllembola. Bde1líds arâ

found. in many moist envi-ronments, ê, Ç. moss, lichens , leaf
mold anil 1ítter {Baker and l{harton 1952, flughes 19 59, Krantz

1970), The lirythra+idae are parasitic in the larval stage

on insects anil pnedatorv in the nymhpal and adr¡lt stages.

They occur in foliaqe, cteacl l-eaves sr in hunus {Baker anil

Eharton 1952, Schnoller 1969, Krantz 19?0). In midsummer

they have been founcl in the hiqh alpíne tunclra of Colcrado

{Schnoller 1969) and in northeastern Icelantl {Clouclsley-

Thonpson 1948). Thq Eupodidae ancl Rhaqidiidae arê fast-
moving predators found in crevices of ilamp soi1, humus or

moss of tenperate elimates. El¡-poÉgg spp. and Rh4gådåg spp,

atre predaeeous, and tingpodps spp. are funqivorousr the

sênus Eb4gi{ia is holarctic (Baker and Ilharton 1952, Huqhes
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19 59, Krantc 19?0) , The Tetranych j.dae is compos ecl of

specÍes that are phvtophaqoqs and. ubíguiÈous. The ubiqui-

tous Trcmbidiidae are parasitic on insects in the larval

stages and preðatory in the nymphal and aclult staqês, They

occur in moss, humus anrl litter {Huqhes 1959, Idrantz 19?0) .

The uesostiqmata are free-livinq prËdatoxs anð cletritus-

feeilers; the preclaceous genera leigAiA and EÊËgêmasgË feeil

on co11+mbolans, nenatof,es, proturans, insect Ëqqs ancl

Þrabably cryptosti-gnatiit mit*s in woods {fluqh s 1959' ltall-

work 19?0) , Two species of lgggqgeguE r¡etÊ col3-ect'ed in

northeast€rn Ïcelan-d {Clouclsley-Thoûpson 1948) ' Some mÐn-

bers of the fami-lies Parasitidae and taelaptidae practiee

phoresy, Prohably on dunq insects {Iluqhes 1959' Krantz

1e?0) .

The cryptostigmata arË detritus-feeders, presÐnt ir¡ lit-

ter, mossr_surface vegetation and soil. They rÊguire a hiqh

relati-ve humidity and pref er decaving l-eaves (flughes 1959 ì

Krants 19?0, Wallwork 19?0) ' llany families of this suborder

ar+ inplicated as t,apeworn vectors {Krantz 1970} " Pëak

densities in population occur in the autunn and winter

nonths {wallwork 1 970) .

TT. RESULTS

uites Here the nost abunclant uiuter-active group in both

winters, consisting alnost exclusively of Prostigurata and of

Hesostigmata {Table 11-1). Considerable activity oeeurrecl

on tl¡e soil surface in winter antl was g¡eater in the second
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Ìrir¡ter than in the f j-rst (3r47 6 conparecl to 2tBg 9 ín*lívi-
duals). À general increase in nunbers of mites occurreil

cluri-ng the summer of 1974 and tras naintai.ned by favourable

weather conclitions Ín autunn, resulting in a larger popula-

tion than in the first rvi¡rter. The díversity of families

ïas gr€atest in autumn, thouqh the aunber of inclividuals Þras

not hiqh. {I cmphasize that Èhe numbers are r€lative due to

the nature of the f ie1ð work,) By midwint,er the fanilies

lupoclidae, nhaqidi.i.ilae and Parasitidae ïere prÊiÌominant anil

representecl by Egpg4g5 sFF., tisogoêgg spp., BhggådåA spÞ.

and !erga$asus qrgsgipes respectÍveIy {Figure 11-1). The

f,amÍly Rhaqiiliiclae nas prj.marily responsible for the large

increase in numhers in late February and early l,larch. Às

thæ winter progressed, the number of mites rleclinerl aqaín,

even though the mean daily temperature $as risinq. The

species of Acarina taken at Fort Hhyte ar* qiven in Ta le

1',t-2.

In 19?3-19?4 autunn activity of nites was most apparÈnt

on the riclge, while most activity ín the early ninter

occurred in the voods {Fiqures 11-2À to C). The peak in

numbers which took place in late February-early Hatch was

hicrhcst in the t*ooils, the habítat with ¡nuch litter in the

qrounil cover {?able 3-4). lrlumbers declineil rapiflly at the

end of tlarch anfl in early Àpril. Ðurinq autunn 657' of the

total acarine activÍty uâs due to Prostiqmata; ín uinter
prost,igrnatiils constituteil 95% of the catchi in sprinq, 39Í.;

and in sumrner, 57'û,
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In 1974-1975 mitçs ïere morê abunclant on the ridqe anil in

the woods in late autumn, but fol-l"orinÇ the establishment of

permanent snotl covêr in mid-necember the populations of

mites i.ncreased on the riclqe anf, in the nêadou, but fal1 ín

the woods {Fj,qures 11-3À to c). The mídryint*r peak was not

distinct on the ridqe, while defínite peaks occurrecl in the

*oods and neadoc, the latter habitð,t havinq the håghest peak

{Fiqure 11-3c), The species of urites taken in each habitat

arç presented in Table 1 1-3, Ei-ghteen specias Hëre

col3-ecteit on the rÍdqer sêv+n in the r¡oods, an'Èl eiqht in the

meadow, B.bag¿g¿Ê sp, an'å ,Fupo{gg sp, occurrad. in all

habitats, nhi-le bdellids' Igåggåa ger-yg anil cryptostiquratiils

ïere present on the riilge, r,inspgÊËg sÞ, p¡eferreil the

litter j-n the woof,s anð neadow. The autumn prostiqnatids

comprísecl 91To of the total catch; in uinter, 98Y^; in spriug'

S2%z and in sunmer, 32F,

Virtually nc correlation existed between the number of

active Âcarina in all habitats and T{s} iu the first winter

(r = -$,06¡ not siqnificar¡È; Figure 11-44), A slightly

negative anil not siqnif i-cant correlatj-on occurred in th+

seconcl sinter {r = -0.21; Figure 11-48}. Even at -8o and

-9oc, large nunbers of mítes lrers collected Ín miclgiater.

Hence the activity of these mitçs does not appêar to be

restricted by temperature. No correLations werê founil

hetneen activities of Acarina and ColLembola or Aranêae.

In 1975, the nunber of active Àcarina was plotteil agaÍnst

the temperature differêncê betryeen T {s) and T la) ' and no
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siqnificant correlation Has f,ound betryeen the two (r =

-0 , 02 ; Fj- gure 1 1- 5) . Thus, êvè¡¡ la rge d.if f erentials in

temperat.ure between 1{s) ancl 1{a) clo not affect acarine

ac tÍvi ty.
the soil surface sanples takan in üarch, 1975, determineil

the relative poprrlation densities of aL1 three maior subor-

d.ers in all habitats, on the ridge anil in the meado¡r

I'lesostigmata lr€rÐ most abunclant; in the lloods, Prostigmata

donrinated Densily of mi-tes rlas greatest in the meadoç ancl

l"east clense on the riilge. Thêse results aqree ryel-l r{ith the

numbers taken in traps during thç ninter {Fígure 11-3À to

C), anil al"so imply that sone act,ivj.ty of nites cloes occur.

The Cryptostignata sêre not collected unt.il Aprí1, as

tlerê mesostíqnatíd Lqgasgllgs sP. and the prostíqmatiils

Eg.fÈhgagg5 sp. r psolgEggneÊas sp, ancl trombiiliícl mites

(Table 11-2), The other species occurred in autumû, ryinter

anil spring. there llere no specíes founcl exclusívely actíve

ín rinter.

rTT. DTSCT'SS trON

Dovdy {1965) in llissouri, PIason {19'l2l in Enqland" anil

¡li.llar d { 19?3) in Saskatchewan noted an incr,ease in n umbers

of mites Ín Pebruary or t{arch, followefl by a decrease in

Àpril. This agrees with my results, A]-so in lat* winter as

the earth changes its orientation with respect to the sun,

t-he intensity of solar racliation increases markeilly from

Fe bruary to l,tarch , fron 40 to 1 13 langleys per day {Table
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4-3), During the sane period, liqht penetratíon into sno$t

íncreases lNäsmark 1964, Geiqer 1965), Sj-ncê many inverte-
brates are sensiti-ve to changes in light, intensity, the

i-ncrease in liqht intensi,ty in late wintar may explain the

dramatic inccease in numbers of mit*s at that tine of yearr

The dec¡ease in numbers in April may be caused by the

presence of urelt sater on the soil and the increase in

trabitat available to the ani-mals Hhen the sßol., nelts.

os$a1d and t{inty {1970) sanpled southeastern ¡,lanitoba

forest soils from April to Decanber, They found no popula-

tion peak for ShagÈ{ig spp. , and peaks i.n ApriL antl December

for Êam+sgllgS spp. Àt Fort Hhyte it appears t,hat !!agi{åe
spÞ, have population peaks in llarcb, and Ganragallus sp.

possibly in April.

üarshal1 and Kevan {1964) collected ,lhe ubiquÍtous PÊEgê-

Sesus Jgggåcg¡gig Berlesa, holarctic lgågel4 ceEyg Kraner,

three specíes of Eupgdes and sÊven of Bbggå{åg in Quebac

woodland humus. Tn southern Manitoba, !. srasslBgs tras

cÐmmonr ôs $€re Egpgtlgs spp. anil RþÈgå{!C sÞF., rhile I,
ggrva ryas less conmon. As tetranychicls are phytophagous

{Krantz 1970}, their presencË in soutbern Planitoba only in
sumrner is understandable,

TV. CONCIUSTON

Acarina of th* Eupodidae, Rhaqidiiclae antl Pacasiticlae are

sone of th+ nost abunclant wj-nter-active groups, irrespective
of, temp*rature" No correlatíon ryas found between the numben

161



of mites

exclusively

trappeil and

in winter.

?{s).
only !.

There lrËre no sFecies found.

gegqg is holarctic.
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Prostiqnatíd mites:
dorsal view {Hughes
tt, S 

" 
À. ) {f ¡on Krantz

Figure 1 t- 1

{A) -B-þeså!ia
19591, and {B}
19701.

geliÊe Thorell f ema3.e,
LigqpgëeE sPr {oræson,
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Fiqure 11-2

Number of Acarína taken at each habitat in 1973-19?4
{A - ridge; B ucods; C - meaclow).
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Number of Àcarina taken
{A-rídse;B-

Fiqure 11-3

at each
wood.s;

habitat in 1974-19?5
C - neaclo$) .
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corrsl-ations
{E

nígure

betgeen number
- 1973-19?4; B

11-4

of mites trappeil ancl T{s}
- 197 4-1975).
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Tabl-e 11-1

S€asonal Àctivity of Àcarina Collecteit at
Fort l{hyte, I{anitoba {19?3 to 19751

lear

1973-197 4

Pros tiqmat,a
t{esostigmata*

197 tl- 1 975

Prostiqruat a
t{eso sti qmata*

Autumn

* Includes a few

** Trapping only in
*+* Qne collection

86**
46**

r{inter

396
3B

2899
145

Sprinq

Cryptostignata.

the last three veelçs of october,

only.

3398
?B

11***
1 7x**

Summer

162
15'l

193
252

352
?39
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Table 11-2

Sp+cies of Acarina* Collectecl at
Fort iÍh rrta , ftlani toba , fr om 197 3 to 1 97 5

S.O. Prostigmata;

Fan. Anysticlae:

Àggstlg sn"

Fam. B¿lel1idae:

Bdglla sp.
nÊe]]a le¡Sigg¡nis Hermann
ÈdellgÈee rsegå¡g$lEiË l,inn.
Biscirus silvaticus Kranêr

----4-

Fan. Eryt braeiclae;

-E¿r-!!gee-us sþ.

Fam, Ilupodif,ae:

lgPgdes sP'
rig.Apgdgs sÞ.
Pgo:lqrÊungles so.

Fan. Rhaqidiiilae:

.8hê9i,4åa sr,'

Fam. Tetranychidae:

Petrobia latens

Fam. Trombiiliiclae:

gågl9!Ios-þå-0iUp sÞ'
3e-dglfggþiêlum sP.

S, O. t'tesostiqmata {O.Parasitiformes}

Fam. CrytonaelaPíilae:

Cgqaggtlup sP.

I'am. Laelapidae:

Àgdrgla€l3Pe æÞÊ}iE Be¡l+se

169



Fan, ParasítÍria+"_:

Êaqasoilgs bispåeosus Halbert
Pgrasi!.Ug sp. Dêar Éågglgrum Berlese
PgrgauaÞus gseEëåpAS Linn.

Fam. Veigaiidae:

gg¡!¡gssla sp.
Is¿-gaÈe c"eI:ggg Kramer

S. O. Crvptostignata:

Fan. Ðamaeidae:

-E-piÊansegg sÞ.

Fam. liacariclae:

låacgguF sÞ.

Fan, t{etri"oppíirlae:

Çe¡elog-piA sp.

Fan. O¡ibatell"lclae:

oEi¡elella sP.

Fam. Pelopítlae:

one indiviclual

* Determínations by E. E, tindquist¡ B.R. L ¡ Ottar*a, Ontari.o

170



Table 1 1-3

species of Acarina j.n Each flabitat

Ridqe {18 species}:

BgeJla 1oÈgiç-Qsgia
Er SÞ.
_Ð4 ef lodes lsgsf seËlgås
Eåsciggs si-Igetågss
nsJÈhæg^g.S sÞ.
-_EnpgiSE sp,,lr
rige!-gdgg sp. *
Protgreggelgs sp.
nhggítllg sp.
-Eåsg.g!¡ggli.Èåg¡ sP .
4ndxglagleaee çA^Ê4¿åE
Gggagglfus sp.
cggeEgleS biepåBosgq
Perqanasus crassi,pes
-Ueåg-A¿g cervê
tiggggus sp.
cgg4!g.E-på.a sp'
gtiþaÈÊ¿la sp.

llooris {7 species) :

Ag¡g¡[is sn,
.Eg¡Qdes sP.
lilg,pgdÊs sp.
B!êglgåg sP.*
Podctrggbidlgg sp.
Pêrqamasus crassipes
ËgsårogÊåg sÞ.

t{eaclory {B species) :

¡ngstig sp.
EsfÈhEeel5 sp.*
Eg-po4gs sp.
Shegå4åe sp,*
gggaeeItg€ sP'
eengsg$ee Þlepågosus
earasilgg spp.
Egidgmaegg sp,

at For È Í{h yte , tlani to ba

* ccm¡non
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Table 1 1-4

Ðensities of acarina per ¡¡¡2 Detenmined from snow samples
Collcct*d 17 t{arch, 1975

Suboriler

Prostigmata

1.1Ë sostigmata

Cr ypto stiq mata

Riãqe

970.1

1 266, 4

43,0

Hoods

1 238" 5

694" B

95, 6

I,learlo¡r

18? 1. g

2258,1

374.4
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Next to mites, Collenbola rank seconcl in abunrlance

numbers of speeies of soil inverÈebrates. Most Col-lembo-

lansr or sprinctaiLs, feed cn fungal hyphae' söil bacteriat

faeces anil plant ilatËrial' ryhile a few are preðaceous {Halç

196?, flallrork 19?0) , TheV are clistributed fron arctic to

desert regions anit occur in a wide variety of habitats of

relatively hiqlt humidåty, inclucling ,snoï f,ie1ds' H€ncË, the

term fiSnow fleasil atose. populatíon äensities nay vary from

5r000 to 100r000 animals per n2¡ dependent upon habitat

{Kevan 1962, llal,a 1967, I{€aley 1967, *allwork 19?0, !'¡i1lard

19?3), Largèr indiviiluals, such as Ent,pngþrga' .Qgg¡€gÊlf4

and Tç$oqergs sÞP. r tnâY b* present' on the soil surf aeê,

while snallcr collembolans are in deep litter layers ín soil

(Kevan 1962, I{aIe 1967, t{a1lwork 1970). Pr+clators of

sprinqtails inelude ChíLopoda' carabidae {Ben!í{!g¡' Ptagq:

SlågbgS ancl rrig.bqgef,Åge spp, ) , staphylinidae {3lilentbge

and. Tag!å¡gS spp,l, Araneae (ÇenlrogÊËgs and lgoglosg sPP.) r

Parasitidae {!. cEaçslpgs and lgigAi,g sP.), phalangicls ancl

pseudoscorpions (lggbigiuts), all comnonly found in cleciduous

leaf l-iÈter {Ernsting and Joosse 19?4) .

SÐveral researchers examined collembolans ín thernral

gradients. Tn subarctic conilitions they ara active at Iory
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temperatures and have no diapause; their swarníng on snolr

Has att.ributed to rfactive gregariousnessfr lHaLe 1967).

lgü-UEe agga!åcg X. is eoltl-resistant and tolerates -6oC for

one hour after acclinatícn to 18oc' with 20Í of the

individuals iumpinq, ?0% cravling aucl 991 riqid (Simon 1961,,

Holmquist {1926) racorded EBtorygþEga sÞpn r Isolgge spp, r

Negtrura ilìg€çorgs lempleton and lgmqg.gruË SfC-ggSCgnÐ Tullberq

nornally active under litter and snow j-n Chicago in winter,

fn ilÍontana Chapman {195{¡) noted. Isgteua gåglflåA Bourlet, anil

five other species of Colleurbola active oD snor in snall

numbers at temperatures near OoC in Eebruary. In llanitoba,

Pruitt {pers. conur.) collect-ed specinens of lÊolpma gg4n-

Èlggpg Reuter anil I. gÈ¡iûis on snolÌ at temperatures nÊar

freezing, The antarctic specíes, IË9lgga llovslaÄi, sur-

vivecl -30oc in experiments, íhåle other species cannot

survive -20Dc flJallwork 1970). Mar¡y species migratç ilown-

wards in ninter to avoi.d temperaÈure +xtr€mÊs, but their

distribution appears to bc affecteil by s+vera1 factors

{$a11work 1970).

In Swerlen, north of the arctic circle at 67oc, Agretrl

{1941) correlated ecoloqical clistribution of ColI+mbola and

tenperatilrê. ThÈy are also se nsitj-ve to relative humi.clíty

lAqrel l, 1941, Kaczmarek 1963) , Colil-resistance Ëxpçriments

esÈabLished colil stupor at -BoC for JÊgle4.e oåågaqgg TuIl-

berq, IÊgtg.{'Ê plågggea gie.leçee rullbers, Uï¡ggêsg5ugg agna-

!A llicolet, I. -gåggdåe a nd lgpiÈggfglge glgnegs Tullbers.

f . oiEldis ancl I. o. violaceê were the most colil-hardy

174



sp€cies, active betseen 0o and -4oC. Isotoniala* arë the

most typical arctic rÈpresentatíves. These collenbolans

also pr€ferred 1or* liqht inteasities, r*hile surfacs-dt¿çLlinq

lgeqce5lg sp., F. agsela and $3lgmgbEya någelåe L, ltere

active at alL liqht intensities {Àqre11 1941) ' Ilolska

1195?) iletermin+d the thernal pref,erenðum of Clgghgggllg

flaggsgggs Bourlet, collected on ¡nelted sno!{, to be 60 to

12oC. IgotQma çallqgg $åco1et, also collectecl activ'e on

snobrr prêferred a temperaturê ratrgê between +50 to -5oC

{ftolska 1957) .

The length of the life cycl.e ciepenils upon temperaturè.

Eggs laið in sùmmer develop morË rapidly than those laíd in

winter at 2oC {Hale 196-l , flealey 1967, T{allwo¡k 19?01 '
though the growth ¡ate of On1cþlgggs grggamlatgs Gisin is

rapid even at soc {Hê41Ëy 19671. Thë minimum life cvcle

takes six weeks and the naximun ten months (Aqrell 1941t

Hale 196-1, Hi-3-lard 1973) , f br¡re is no correlatj.on between

temperature sensitivity and hatching time lÀgreLl 1941) "

The oversinterinq indÍvicluals may lÍve up to one yêar; and

at hiqh altitucles and in aretic ancl subarctic conditio¡ts,

there are one to two qene¡atíons per year, rihí le in

tenperaÈe conclj.tions there may be tl¡ree or four lAqrsll

19¿11, Hale 196?), {rsually speci*s overrinter as eggs or

almost fu1ly-developed Ð1 adult $pècinens' rtÀs a ru1e,

there is,..DÐ mortality durinq the overvÍnterinqtt {AgreLl

1941), wh+n nany ToungeE lnitiviituals move into the soi1.

,t*n 
qeneratj-ons qenerallY appear in the snoil-free period.s
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{Àqrell 1941" Healey 196?), Different agå groups have

different sensåtivities to tenperature, anit incr*ased colil-
resistance occurs in early winter {Aqre}I 1941}. In Enqland

newry-hatcheil springtails axe present al-l y+ar, especially
betueen June and octoher {Healey 196?}. t{ost species hreeil

year-round, qxcÐptíng the genus Ioggggggg whích is univol-
tine {tlall¡rork 197 0) .

Population peaks are dependant on localit,y ancl lenqth of
seasons {Kaczmarek 1963, I{ale 1967, Hallwork 1970), In
Europe and North Ànerica, cne peak occürs bst¡¡reen February

and JunË, and anothe¡ betlteen Àuqust antl Ðecember, usually
coincidinq trvith the appearancë of the first instar
juveniles of the n*rl qeneration,t Ðeclines in popul-ation

occur Ín millsummer and nidwi.nter {falLvork 1970) . In
saskatchenaû, I{illaril {1973) found peaks in numbers j-n

November and late March, whil'ç in southern EnqLanil maximum

numbers of coLS-enborans oceurred in late autumn'and early
spring {Kaczmarek 1963). [1sÐêve.Êt year-round pitfall trap-
pinq by Hason 119?2) in Fngland est,abtisbed maxinum catches

of, collembola ín January and Fehruary. rn poland naxi¡ua in
litter Here recorded from cctober to January and in the soil
from January to February; an inverse rerationship bet$een

numbers of coll-emboLans ancl temperature appearecl to exíst
(Kaczmarek 19631.

Rëpres€ntatives of the famih-es Ëntonob¡yiclae, rsotomi-

dae, onychiuriilaen Poriuriclae, anil smi-uthuriilae wij-1 ]:e

cliscuss€cl. The entonohrf¡ids in the genera En!,o$obçge,
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gggbgggll,g anil TqmoggEgs are larse, f,ound on the soil

surface ancl in litter, and feeil upon pollen, a1gae, fungal

spores antl decaying pJ-ant naterial {üa1e 1967' waIlçork

1970). Isotomirls are th* pr*claninant arctic fanily {Aqrel1

1941), ancl the genera leglpnA ancl I'olsggig feecl ûn funqatr-

hyphae, faeces, bacteria and decayj.ng plaut material, except

J. gi5¿gåS which i.s preclaceous (Ìrallwork 19?0) . The

onychiurirl, Qg¡chigtug sp. r and the porluriil' .lt-y-pgqaÞlggrg

sp.r have the san* di*t as th* i-sotomitls and ara oft+n founil

in noss {I{a1}çork 1970) . L{any sminthuri.ds are phytophaqous

and damage crops of Êcononic importance {Borror g! BIs

19761.

TT. REST'11S

Collembola werÈ nçarly always present ín traps, but their

numbers ryer€ 1cly in extremely ccld periods clurinq rnid.vinter.

llore intliviiluals H€rê active during the first winter than

durinq the seconil { 1 , 265 versus 56 4 in divj-dual-s} , an d the

Iarqest numbers occurred in sunner {Table 12-1}. uore

collenbclans were trappetl in the vooös anct the meadoç than

on the riclqe. In the fÍrst y€ar isotsuritls preiloninated in

the winter {69% of the total collembolan catch} and smin-

thuríds in the sumnêr {?3.1{}; ín the second year, isotomirls

conprised 47j6 and entonobryíils 50% of the catch j-n wintar,

and, snint,huricls prerlonínated in sprinq and suumer {61% anil

B196 raspectively). Podurids Ðere nêvÊr abunilantr âod ony-

chiurids w€rê rare. A list of the 27 species taken at Fort,
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llhyte is presented in Table 12-2, Connon sinter-active
species tsere lsolgmg ggþgggÊêIig Folsorn-fggqica Reuter,

IËglgge yåoSgcea rullberg, f. gigj-{!s and occasionally !.
aEne.!e.

The gençra1 pattern of activity of Collembol-a in autunn

anil winter consisted of a peak in late Octob€r or early

Novenber, a gradual decl-ine until nidwinter, follorecl hy a

seri.es of peaks startinq in early üarch ancl continuing into
sprinc. The result,s for all habitats in 1973-1974 ar* shown

ín Fiqure 12-1. Tn late Decenber ancl early January ín thç

wooils ancl in the mearlow a smaLl peak occurræfl, coinciilent

with the ararqS.na l rise i-n T {s) in the meadow frorn -3 ,5o to

-2. soC. No tenperature rise Ìras detected ín the woorls

{Fíqures 4-18 and c¡, on 7 l{arch t 1914, r{s} in the woocls

and meadow averaged -1.25oC, åt a tine Hhen an increase ín

colle¡rbalan pÐpulation occurrecl.

In 1974-19?5 t,he sane pattera of activity rlas founcl

except for a substantj-al decrease in the numbers trapped on

the ridge (Fiqure 12-2È) anct an increase ín the uoods

{Figure 12-281. The sma11 peaks in lat+ Novenber, yhen

there l¡as no snou eover, $ere coincident Hith soi.l- surface

ternperature varyinq between -1o to -3oC, The smaller peak

in mi¡l-Decenber +ras again probably an effect of the ïarn

weat.ber and lack of snêfl cover ín Novèmher ancl early

D+cember. In late rebruary another small peak occurreili

T{s) }¡ad ris+n from -1 .5o to -3oC in al.l habitats, ancl the

solar Liqht intensity (radiation balance) had increasecl
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{Table 4--3}. Peaks of acÈivít,y srere reconcled in latê I'larcht

except on the ridqe {Fiqure 12'21. obviously several

variables arÊ affectinq activity, probably tenperatur*,

relative huniclity and 1íqht intensíty.

The large increase in nunbers each sprinø Has clue

partially to an increase of early-instar col.Iembolans. It

appeared that the ¡ise in T(s) anil the increase of railiatíon

unde¡ snory may have caused sprj-ngtails to mågrate upuards to

the soil surface. Posítive correlations betryeen the numbçr

of collembolans active and T{s) flere found, thouqh the

correlation coefficient rdas larq+r and siqnificant at the 5y'

leve1 in 1973-1974 than thp non-si-gnificant one in 1974-1975

{0. 31 vêrsus 0.21 respactively) {Fiqures 12'3A and B) .

Usinq a method clescribed by ffalpole {1968}, 99l of th*

vari-ability ín numbers uas due to T {s} in 1973-1974, and 4'f,

in 19?ll-19?5. Vi¡tually no correlatíon existed betueea the

nunber cf Collembola active and the têmpenature rlifference

bet wee n T {s} a nti T {a} {Fiqure 1 2-4 ) .

The collenbola speci'es taken ín each habitat are pra-

sented in Table 12-3, Fifteen speci*s occurred on the

rirlqe, 10 in the wooils anfl 16 in the meaðou, !gcbgË9114

alesle], Tqmggergg fLgvesge4s, "IggËgma gågådigr êûd I.
sgþggu.eÊ}åS-fggnigg $exe coll-ecte.d fron a1l habitats, uhile

nost sminthurids ancl N, Bgsgorg$ HerË taken on the rirlqe;

I. gåglgc-eg in the woods ancl meadov; ancl Fgtesabrla spp,

ån the neadow.

the soíI surface sanples collected in t'larch, 1g75,
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providË¿l êstiûìat€s of ilensities of all families in all
habitats (Table 12-4). The entomobryj.ds 'rerË most numerous

in the ryooðs and next in the meados; the i.soto¡nids in the

neadow an¿l then j-n the woods: ancl tbe pocluríds on the ridga

and the nêailow. These data inply that the entonobryids are

as active clurinq rinter as the isotomiäs, which ,Fere 2,5 to

10 tiues nore abrrndant. ID conÈrast, in '1974- 1975 the

nunber of activê entonobryids in the h,inter sliqhtly

exeeedcd that of the isotomitls { 2B0 t:2671 . H€nce, t,he

frequency of activity {Näsmark 1964) af êûtonob¡vids

appeared to be greater than t.hat of j.sotomicls. The podurids

st¡owed 1ittle activ!-ty i.n winter.

len of thB 2'l species of Collembola collected at Tort

I{hyte arç knoçn t,o be holarct.ic in distribution {Tab1*

12-3), The collection of NSggUËg quggoE.un established a

first. recoril for lÍanitoba {Pi-chards, pers, coRB. } . Tr.¡o

partícularly interesÈinq sFecíes that probably ar+ holarctíc

in distribution but r€rê not iucluiled in the list because

they rlere previously taken ín Europê lrëxÈ: FnSoncbrya sÞ.

near siþigicq-gulnggeligeaje sroup anil fsgtgga ggbËggeêfå€-

Egg¿ågg group {TabLe 12-21. On€ specin€r¡ of this entomo-

bryid ¡¡as collccte¿l in late November , 1g73, from the nâadow,

ancl constitutes the first occuxrence for North America,

I€glogq sp. closelv re ënb1es suþËgugêlås. from North Ameri-

ca and fegniçg fron Europe; it was t,he nost conmon ryinter-

active specíes collected. The only previous record of this
species from l¡orth Ameríca lras j.n [ichiqan j-n February: ths
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spêcinÐns collected in t,hís study constitutç the first

record for Canada.

The smj-nthuricts anil Egf-gomia etogga!ê MacGillivray sÊre

only collected in srütnËr, ÀlL other species collecteil

occur¡çd t. hrouqhotrt, the y€ aE r

The follcvi¡rq specS-es cccurretl only once: $gtgmgþrTg sp'

near giþigige-Sll¿pggÊlågeele sroup i-n the meailoc i¡ Novemb-

&f,r 19?3; EntomgÞrya gåge¿ig L' in the neadow in AprÍI'

19?4; Enlgmgþ¡ga glslgå Christians€n in the neadou in

January, 1975i oEgheãÊllg g¿ngËa L. var. v.ega T,. in

December, 19?4; IËat?ga olivggga ancl 4. Cggglgþ¿l¿g Folson

from s$or saurples taken in l{arch , 19751 anil PsÊudoçhgrglgg

sp. in the neaclow i-n åpr1l"r 1975.

rTT. DTSCUSSION

The tolerance of -30oC by a collembolan fron the Àntarct-

ic demonstrated that some species are vÈrY colcl-resístant

{liallwork 19?0) . gurther eviclence for colå-resistance is

províd:il by egg rlevelopurent in other species at zoc {HaIe

1967) , locomotory activity at -6oC {Simon 1961) , colrÏ. stupor

at -Boc for several species {Àq¡el1 1941}, and the thermal

preferenrlurn of +5{t to -5oc for f ' åaIlgns {}folska 1957) .

Thus, the results of this stuily that shov activit'y in thç

temperature range of -3o to -6oc arË not unusual.' Thç

correlation coefficient betwean the nunber of active colIem-

bolans each winte¡ anil T {s) was significant t he fírst y€ar

and not siqnif icant the second, sith the latter figt¡re beinq
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çxp€ct€d because of the late

sno!{co vÊr.

Hal+ {196?} , Í,laIlwork {19?0) , Mason {1972) ancl Fill-arfl

{19?3} recorclecl peaks ån populations of. som€ species in

February ancl Harch, rhich agrees yith the flata Ërom this

study. Sinca larger specimens are generally found in litter

and on the soíl surface, antl smalle¡ ones in soíl cr€vices

{!lallwork 19?0), the larqer animals occurred Bore fr+quently

in Èhe trap catches. ÀqneIl {1941} statecl that in tha

ovarwinÈerinq periocl young,el inilivicluals noved into the

soil, probabl-y migratinO downwarcls to avoicl temperature

extrenes {flaLlrlork 1 970} , IÈ s€ems clear that in Late

February and €arLy Härch as radiat,ion antl T{sl increaseil

under the snow, uprard migratÍon of these ani-mals occurred.,

as nost of the Collenbola cauqht at those tim+s i-n southern

Hanitoba consisted of sma11, immature specinens.

Hiqh densit,i-es of collembclans ¡rere founcl i-n litter anil

soil Ín grasslanils, but the esÈimates Here determined in

summer {I{ale 1967, Healey 1967 , Wa}lwork 1970} i in winter,

maximun clensitåe"s ïtêre i.n the soil {Kacznarek 1963). There-

fore, the l-over tlensities fcund i-n litter ancl in the top 5cm

of soil from Fort flhyte in ryinter HËxe not unusual. Nonê

the less, densities of isotomitls and poiluricls flêrç qenerally

hiqhest in the meadow, whíIe entomobryids had their híqhest

populatj-ons in th* ryoofls.

Larqer spêcim€ns of ent,omobryids are usually found ín

decaying l-eav*s anrl litter {ila1Lwork 19?0). Iû this study

establåshment of permanent
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or-gbCselle eåe€¿eå Folsom and TomggÊtus ålageSgÊgÊ r{Erë vÈry

eoürnon in the meadory and sl-iqhtly less common Ín the wooils;

both habitats hail much lÍtt*r. Thê s€Èus Tompcgggs is
exceptional, because it ís univoltine anð produces the nÐï

genÐratiou in spring {WaLlryork 1 9?0) ; naturê ancl nearly

mature specimens of I. glggggcgng Here tak*n in *inter at

Fort Ðhyte. If morË speci nËns of the E. Sp. near

Sålfgigg-Sll.is.ggelåggÊla sroup Trerè collectecl, its status as

a nèrr holarcti.c species could bç nore clearly clefineil"

ïsotomiils nÉrê descri-bed as the ilominant collenbolan

family in the arctic {Aqra.].l 1941) r and sonê species, such

as I. Eê3!ggs, aËê known as rrsnow fleasrr lllolska 1957).

Three species of Iso:þoma, and fçqtg.Bì¡ggË paJuslgåS Huller,

that are holarcti-c in di-strihution {Table 12-31 , Here also

taken in sonthern t{anitoba. The p,resËncÈ of nany +rinter-

active species af the IEolg-Bg Er¡bgg-uË,êfÉS-f*g$,Lgg group r¿ts

most i-ntriguing; no specinens of this species 1rêrê collectecl

íu midsum$€Ë. I gå¡ilig t a colil-hardy species that j.s

active on snûtl cover (Aqre1l 1941 , chapman 1954) , ¡das

anothe¡ of the most com$on llinter-actiye species at To¡t

frh yte.

Havnaril {1951) found the poilurid B, nu.Ëcgrg& associatecl

with rctten logs and decayång l-eaves of moist soil, while

Wallwork ( 19701 reported its occuxrencË i.n cleeper soiL

layers. At ?ort Whyte, this speeies appeared nost freguent-

Ly in the scanty litter on Èh+ ridge. fl. arga!ê is oftçn

associatecl uith moÍst habitats {Î'laynarð 1951); at Fort tlhyte
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it rras usually collect+d in the voocls.

Predators of springtails incluôe members of mariy genâra

such as lS-gþåÈiee, !!egoS!ig¡-Uå (carabidêê) , Iriçbgceflge
{Stapbylinidae}, lgnlEggeE.BË, Troghcqg {Acaneae), Splgêge:

sugr veågaig {Parasitídae) and Jepblsågm {Psauil.oseorpionida)

(ErnstinC and Joossê 19?¿t) ' gênêra uhich Ìrere representef,

sith Ccllenbola in collect,ions made at fort !{hyte. lhus

these predators may feed on the collenbolans, vhich may

constítute the base of t.he fooft chain under snolr, if indeerl

the predators rlo feeti at Iow temperatures {see Results,

Chapter IX),

IV. CONCLUSÍON

In southern î{anitoha callçmbolans i{Ëre siqnj-ficantly

active th¡auqhout the year; isotonids and entomohryids ry€re

the most num€rous of the wínter-active speciesr âûil smin-

thuricls ïere the most abundant in sum$Èr. Collembolan

activíty occurreil even at -9oC, IsolonA g^UÞgg.Ugglig-genn!cg

sroup and Enlogålyg sp, near g¿ÞåEfqg-SgågguÊligeaËa sroup,

E. gisi i and o. çi"Sg!.e vâr. gage are winter-active

species; the first species is the first recoril for Canada,

and the second. is the first record for North Anerica. Ten

of the 27 sp+cies

cli strí butions ,

collected in this stucly have holarctj-c
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Figure 1'2- 1

Number of Collenbola Èaken at each habítat in 1973-19itl
{À - riilqe; B woods; C - meadoï),
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rígure 12-2

Nunber cf CollemboLa taken at each habitat, i.n 19?4-19?5
{A - ridge; B *oods; C - neaclov).
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Correlations

Fi gure

betueen numher of
{À - 19?3-1e74; B

12-3

Colle¡nbola Èrapped and T{s)
19?4-19?5),
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Figure 12-4

correlation betveen aumber of Callembola
teurperature ðif f erence betveen T {s) anil

trappeil and.
T{a) in 1975,
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Table 12-1

Saasonal Àctivity of collenbola at Fort Hhyte, t'taniÈr>ba
fron 19?3 to 1975

Date

1e?3- 19?rl

19-t 4- 19'75

* Trapping only in last three ueeks of October.
** One collectir:a only.

Àutumn

3 39*

1 05û

Wånter

1265

564

sprinq

1 2B**

16 s0

Sunn€r

2Ð 36

4464 approx.
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Tabl* 12'2

Species of Collenbola* Taken at Fort lihyte' llanitoba

S. C. Arthropleona
Fam. Entonobryiilae:

-EglsggÞIfe giqinå christiansen
EnleB'oþIIg sÞ,
E3tome!^Efê spr nêar eåþir!çe-ggågggÊlåggale srsup
EntrgþgJe gigalåg L.
tepåÊegrgtgs çgeegls tullbe¡q
ogghesglle aleeleå Folsom
q,¡clgSelle eigg!Ê L. ¡ vðrr, vagg T,.
lgnpge¡us flagesgglg Tull"be¡q

Fam. Isotonidae:

EelçoeÀe Ðlgggêtg t{acGi11ívray
Igoto.ga €gpqlgÞiJåe Folsom
Isotomg qlågggeg Tullbers
JEglo_¡oa sp. prob, nigg*fgegs Folson
Iggtgma s-U¡egge3lls rolsou-Jgggiga Beuter sroup
IsoloBa glgleggÊ Tullbers
Ieotoga giåÈêle Bourlet
Igglgmunus palgplgiS l{uller

Fan. Onychiuridae:

gngchiurgg sÞ. poss SuÞlsgågs Folsom

Fam. Pocluriilae:

ÇegeþllJsÊ}lq {gISoggsËagga) agmgt+ Nicol'et
NÊsnuEg ggsggsg$ Tenpleton
eeeg$e-glor-U!çg sp.

S.0, Symphyplcona
Fan. S,ninthuriclae:

leulergSnå¡llgggg Egpanil us Àrsên
!!eno!t¡Eå¡ S¡lggIeS Harvey
Sgia!þu.Ei3qe nalngrgn! Tullbers
SminthugÅ¡ug gÅeganF Fitch
!gå¡!Þu¡å-ggç nig*r Lubbock
fini¡!þutinus mlnutuç t'laeGíllivray
!q¿!!!sEss seülaliq nills

* DeterninatiOsrs by H" R. Bichards, B.R.Irr Ottawa, OntariÓ,
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Table 12-3

species of collernbola Taken in Each Habitat
Fort Hh yte, l{aeitoba

Riilqe {15 species} :

ågpiggclrtus clenëgs*
Qgsþesella aÈesfeå
Sgmgggsu5 llgTeãcgns
I5slons vågå.(ås*
I. g uþegggalÅe-Ëeg¡igg
Tsotsggrgs !aluslfåg
felgomåa elo4galg
Qnyehlugus sublg!¿gs
Nçêguxê Ítugsgrun*
HypoggElEgga arBala
ÞegterosUål!ågggs rgpa g4 us
ÞgíqÈlutåggS elegans*
S. någel
$såElbsEgs med¿4]Ís*

Hoocls {10 species) :

repidggfEtgs cyalggF
o¡chgselle aigeleå*
Igrneg.ggge fl agegcÐpg*
Isalsmê eugetêþifls
I. olivacFe
I, subgggealåe-Jen!åqe*
I., gioleçgg*
J' vigå.dÉs*
Isgleg ug uE -EA*l qslE¿S
.Ey¡pgqst,surg êrge!a

l{eadov (16 species) :

EsloEgþgg.e sp.
E. sF, nr. g!!ågûçe-5-lipee$a
E. glËågå
E. givalle
9¡gleeella eigsrså*
O. glggle vä,! r yêge
Sgnggeqss f¿êgeËcçns*
rplseule elqggs!ê
rf;olgUa elå^gagee
f , sgþgggealås-Jgggi,cg*
I. gi*olaqga*r, såsåüåe*
onygbiggus Siubteg¿gg
gËguÈêgbggs!?s sp,
Ple¡slbE!:r gnlcole¡
DegteEgsglglbgfgs rgBanSgg

at

* ccmmon

191



Table 12-4

Ðensities of Collembola per ¡¡2 Dsterminecl fron Snoll
Samples Collecteil 17 l{arch, 1975

¡'an i1y

Eatomobryi flae

Isotomiilae

Poduridae

Ri dge

9,6

109.9

57 .3

Ta bl"e 12-5

list of Holarctic Collenbola occurring at
Fort I.lh yte, l.lan j.toba

!{ood s

Species

83. 6

203.1

23,9

Entomobryidae:

En!Ê,mpbEva n¿vqlig
leeilgclglgg gyangus
Sgnqgergs fJaveËcels

Isotom iilae :

Tgoloma giolegeg
Isotgma gi¡åÉis
Isgtqna Sf,ivecea
.Ieg!99 uE!"Ê laluslgåe

Po cluri dae:

LlJpogÊslEura ersa!ê
Ne3gu¡ê güscSrå'lS

Sm inth uricl ae:

ss¿sllssl.ëes salsgreqi

l{ ea dov

6'1,7

693.0

55.8

Reference

Àqre1l 1941, 1963
Aqrell 1941
Hale 196?

Agrell 1941, 1963
Àgre11 1941, 1963
Àgrê1L 19t+1, 1963
HaIe 196'l

Agrel,l 1941
Kaczmarek 1963

HanmÐr 1954
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Co3-eoptera are found in nany habítats throuqhout the

¡rorlil ancl eat a wíde vari.çty of, foods. tlany beetles are of
econonic inportancê. The predatory ancl saprophagous cara-

bids and staphyLinids are courüon on the soir surface

{$a1}$ork 19?0). In this chaoter, temperat.ure rêspc,nses,

coril-hardin*ss ancl poputr-ation densíty of coleopt+rans ryill
be discussed. The ma jor farni lies to he considere il are

Carabirlae ancl StaphyLinj.dae.
I

fn Swedea, Àgrell {194?) testecl three species of cara-

bids, H-alp.eJgs puþesgenË Hu1l., !ql*!þgg grÊtus Sahlb. anil

9!g¡,eg.!igbgg elgg5 Schall, from naturat habiÈats for th*ir
preferenda in a thermal- gradient: the first tuo species

aqqreqated in the zone fron 22ç to 25oC lrhile g. gåggË

aggregateil betseen 15o and 20oc. HÐ starvçd somÊ åndi-vi-

tìuals of ll' pgbeåcggÊ and usuallv found a rise in t-hei.r

preferenda, prcbably due to changes oi basal metabol-íc rate

and heat production {Àqrell 194?}.

Ileydenann 11956) examineil llinteE activity of staphylÍniils
in aqricultural fields for five years, deal_inq ryith 26

species. llany of these speeies ïerë seën only in the cooler

months, being cold-resistant and psychrophilic. The ten-
peratures preferred Hêre in the rangê of 4Ð to 9oC, uith
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sone sp€ci.*s actàve clossn to -4oC (Heydenaun 1956),

In Hinter Ilolnguist {1926) collected act,ive larval Cg4-

!þg¡ig sp. n€ar Chicago, while Chapnan {1954} found nany

specinens of two specS.es of staphylinids, A!heta sFp. r

actívely crawlinq on sno'w at OoC. In Gêrnany and Englanrl,

cold-resistant cantharids, carabid.s anrl staphylínids ller€

active through the yêar, especially at temperatures near 0oc

(Heyrlemann 1956, Renken 1956, Evans 1967, l{ason 1970 ancl

19121. In fact, cantharid larvae, ryhÍch abounil in winter,

are calleil rrSehneelrurmenrt or rrsnos íorns[ {Renkan 1956) ,

Holska {195?} ô*ter¡¡ined that, the the¡na1 prçferendum for

larval ÇggllA¡åS sp. !ûas between 10 and soC. Fee'dinq

activity by Ptarosgiçhug ÞsË"gåcprgis Kirby on the rotten

woorl of tree stunps occurrêd in ri¡lt,er when stump tenpêra-

tures exceedeil -4oc; in ïarner months this srrecies hail a

carnivorous iliet (tr(aufmann 1971),

Cold-ha¡di.ness of coleopterans llas investiqated by Holska

{1957) " Salt (1961) , }fil-ler 119691 , Baust anEl t'tiller {1970,

1g'121, Kauf mann {19?1} anil östbye and S/mne 119721, ancl

slnce their work was discussed. in Çhapter II, it llí11- not be

diseusseil f urtber hêre.

Population ilensitv and developmental rate of beetles are

also affeeted by tenperature, the rcatchinq faci"litytt of,

carabicts lí"e. numbers caught in pitf all traos) is rlírectly

aff+cted by temperature, and cliffsrences ín density may be

relateil to iliffarences Ín habitat select,ion by various ag*

grÕups {Grüm 1 95Ð) . The life cycle of P. brevícornis in
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Alaska requires 14 to 36 mont.hs for completion, dependent on

the tíme of oviposition and temperatr.lne {Kaufmann 19'111 .

The presence of a thiclc sno+l cover, which rnaintained hiqher

Tls), facilitataå activity at T{s) above -4oC {Kaufmann

1971ì.

The Carabiilae have two different types of f-ife histories:

{1} those vhích breed in sprÈnc and have overwinteri-nq

adults, ancl {,21 those uhich bread in autumn and have

overwintering larvae, Gênera in Èhe first category incluile

Àþe¡' À99&lIE, ÀgagÊ, Be$bldjlon' ÇalgtgÐ, ggtqÞgÊ, trl brig,

{el¿spbflusn llegeA!ågþUË and pggdigs {Larsson 1s3g, Renken

1956, Hilliams 1959b, Gr€ânslade 1965, I,Iallgork 19?0, ilason

19121. SÊasonal abundance is related to the ti-me of

emêrgence of neE ad.uIt.s anrl seather conditíons: watrm, moíst

conilitions produce an increase, and hot, tlry conilitions
proiluce a decrease. Àutumn rain and fresh li-Èter qive rise
to a populati"on increase, while fen mobile, harily arlults

occur in r¿inter {Trf allnork 19?0, Hasûn 1974) . Carabids ar,ê

generally noeturnal preclators fe.pding on annelids, isopoils,

qast,ropods, millip+des, mites, sÞiilers t apilíones, sua1l

staphylinids anil clipterous larvae {Evans 1967, Hason 1g'12) .

Scav€nqers, herbivores and omnivores ar€ usually found in
this f amily (T{illiams 1959b) " snal-l species feed on smalrar

arthropod.s antl annericls while larger species fçed on larger
ones {T{a1l*ork 1970),

Staphyli"nids were reported as colä-hardy and may consti-
tute one third of the hiemaL fauna {Chapman 195tt, IlÐydemann
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1956, Benken 1956, Williams 1q59b, Greenslade 19()5, $alluork

1970, l,lason 19721 . Small staphylinids , such as laghinsãr
are especially active in the hienal fauûa, and thick snoll

cover facilitates their activity. In spring as the tenpera-

ture increases, they are either ki].led or seek lower

tesrperatures in the soil {Heydenann 1956)" l,lany are cÐpro-

phaqous, others carnivorous lfeedi-nO on i-nve¡tebrates),

omnivorous anil funqivorous; son€ feed. on econonic pgsts

(ûlank 192 3, Heyðenann 19 56, RenkÐtr 1 956 , Ivans 1967 , t{ason

19721,

Other familíes present on the soil surface arê caa-

tharids, vhose carnivorous l-arvae are $int,er-active {Hcln-
quist 1926, Renken 1956, !{olska 1957, Evans 19671, herbi-

vorous elatericls, chrysoueli-ds and silphids {Fa1-lvork 1970}.

fn Gernany and Enqlanil ilecreasing soil surface tenpenatures

appear to induce surface activíty by coleopterans in ¡{inter

{HeydenaDn 1956" Ðillians 195sb) .

TÏ. BESUTTS

In autumn antl early winter Coleoptera uçr€ rapresentetl

nainly by staphylinids and to a lesser axtent by carabíds.

Àctivity Has restrj.cted to early uinter alurost exclusively,
rith a sliqht resumption of activity in late winter as T {s)

rose (Table 13-1). Î{ore beetles were taken in the r¡ooils anil

the meadoï sítes than on the ridqe. In the first year

staphylinÍils cons'tituted 94X of the autumn, 85Tl of the

winter and 47q of the surnnetr catch of coleoptera; in th,e
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second yêar, 78oÍ, of the autumn' B0S of the winter and 51fr of

the sumner catch. À greatar proportion of carabids Has

taken in 1974-19?5 1.12 to 16tl,l than in 1973-1974 {5 to 8%1 .

A list of 87 species taken at Fort lühyÈe is presented in

Table 13-2. Common specJ-es active at lon temperatures !{ere

the staphylinitts, Aleocharinae {in aLl habitats} ' À!"bg!g

spp. (in the wooðs), Ee-¿gggåa èigeggle EE. (in the

neaclow) , nglegollge€ fgsculuË tec. lÍn all habltatsl ,

Eypgnyggus spp, (in the noods ancl meadoH), -úg!!rgþå34 sP'

{in the rooils), Philg!!ågg spp. {in tire ryoods and meadol{) r

TachypqsgS gilgÊgf,gg Fab. and I. gglggug 81+¡. {on th*

ridqe anð in the neadow), anfl the carabiils, Bembiêigg

cglglÍaPug casey, g. gâa.pÞig-ga casey {both in the wootlsl ,

Plerog!åçhgã IgUggAIås Kirby (in the meaclow) . carabícls antl

other coleopterans were rarely active af,ter Novembçr.

fn the meadow carabÍds wêr€ notecl to be abunclant in the

trap C4, ryhich was on the edqe of a snal-l clump of snowberry

bushes. I¡r the ryooils, traps 81 and e2 uers in thiek brush

containing many alilers; staphylínids ancl ca¡abitls frequently

uêrè coLlectect from these traps. frap 84 also hail a hiqh

staphylinid catch xhile trap 85 had Little catch at all.

These lat,ter two traps did not appear to be different ín

nicrohabitats from those cf traps B3 to 88; hencer ho

sxplanatíon of di.fferences can b,e offerecl.

In autumn anrl $inter of 19?3- 1974t the hiqhest aumbers of

staphylinicls nere trappeð in the meadon and the lovast on

the riilge (F igure 13- 1) . Carabids r¿ere taken in all
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habitats '451Ãl but ïêr-è mosÈ abundant in the ¡voods aad tha

meailow . Few other familie s rrerÊ colrecteil . Activit y ancl

rlíversity of species ¡rÈre qreatest, in October anil in early
November, but from niil- to late November both cl+creasef,

sharply, when T{s} had reached -1,50 to -3,soc, A few

beetles, usually staphylinicls, ryere act,ive in mi-il- ancl late
rinter' rn April acti-vity resumed after the T{s) hacl ¡isen
in all habitats, from -4Ð to -1.5oC in the woods, Thus a

temperature of about -1 ,soc uay be the lower i-imit for
activity.

fn 19?4- 1975 autumaal ancl early hienal activity of other
fami.lics of coleoptera increasecl substantiaLly, Èo f orm up

to 60% of the colecpteran catcÌ¡ oB the ríctge lPiqure 13-2).

rn the ryoods 93% of thç catch consisted of staphylinids,
whiLe in the nêaclov carabids preilourinatecl, forning 6sy, of
the catch. Actiyi.ty at all habitats clecline¿l progÌessively

but continuect in the flarrn rlays of Novenber anil early
Ðecembex. Cessation of activity iu míct-Decenber ctinciaeA

with il¡ops in soi-l surface temperaturês fron -2o to -Bo aurl

-9,5oc. Sone activity, usually of staphylinicls, occurred in
miclwint.er in the ¡rootls, rÐ late flarch activi-ty resumed at
all sites, coinciclins with increases in T {s) from -5.50 to
-1.5oc in the vootls and from -7.5o to loc in the meadow.

Àqain tenperatures of approximate"l-y -2o to -1.5oC m.ust be

Èhe lo¡ter limit for coleopteran acÈivity,
In both ui-nters correlation betneen the number of activ*

beetles anit T{s) lrere not siqni-ficant {Fiqure 13-3), as was
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th+ correlatÍon be-t,ueen the number oË active coleopterans

anrl the temperature difference bet¡¿eea T{p) and T{s} lFiqure

13-4). CÐrreLations between the nunber of coleopterans and

the number of, spiilers trapped in 19?3-1974 ïera signi.fícant

at th* 1"/, 1evel for aLl habitats, while in 1974-1 9?5 a

rorrêlation coefficient siqníficant at the 1% leveI cnly

occurred in th+ ilata f rou the Hooils habitat. HÊûcÐ,

vari.ability in ]reetl-e activity nas not siqnificantlv

affected by t*nRerature, while variabÍlity in beetl"e antl

spicler activity l¡erÊ clcseLy related; presumably both are

affcctecl by the same vatiables.

The carabiit and staphylåniil species taken in each hahitat

arË presented in Table '13-3; sevên species occurred oD the

ridqe, 25 in the soods and 24 Ín the neado*. Tagþvppsgg

nilidglus nas coLlected frour all habítats' A!helq spÞ,

nosÈly fron the wooils; Àgongn and Beg!å4igg sÞP. from the

woods; Erpgnrg¡lg spp.r ghålenllgg ancl glgEgËÈighgg sPF.

mostly from the meaclos but occasionalLy from tbe tootls; !.
ili ssec ta, H. f uscu].us and g . gbllgggeligg5 fro m t he

nearlow. tathridiÍds ilÊre confineil Èo the riflqe ín their

ili stribution.

Labo¡atory expèrinents at lory temperatures on tha cara-

bids lrichocellUe gggÊgÈug and Eggþidåge .gËCpbig'lg collected

veekly in November of 1974 shoirecl that all fÍve specimens

rere active at 3o to 4oC, the temperature at ryhich they eer€

storecl {Table 13-4} . Àt - 4oC for three minutas, a1l

specimens noved, but nore slor1y; at -9.5oc for onÊ lninute,
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three 3. gggaêluå moved very sLowly, but onÈ E. ggephiçq$

and one I, gog+âtus lcsÈ thçir coordination lmotor con-

t.roll . Àt -12oC for one minute ûo carabicls llËr€ active.

Thirty-three staphylinids, 32 AËbelg and oue l"glgglhiuq sp.

ryerë exposed to the sane tenperatures for i.he samê periorls

of tirne anil exhÍbi+.ed nornal activity at -4oC. HouÐvêtr, at

-9.5oC, 29 Àthetg sp. lost notor control and tuo ÀthgÈa and

one LghEglhågm remaineil active. Thus, nornal activity is
possible at -4oC for specinens collecte'd in Novenber but not

at -9.5oCr whpreas nost animals, exclucling T. ggggêtgq,

À!þg!e and loÞEa!þigg spp., are inactive. At -12oc mortali-
ty occurs uithin onÐ or trso minutes.

The species of carabids active at loy temperaturês at

Fort Fhyte Íere: F. fgngrglig, AggpalguF çangtlegsis, Ë.

gÊIa^dåa3gE ancl B. g¡aphigu¡. g. gggpalgå also exhi.bit.eil

actÍvity at lov temperatures, Staphylinids found aetivc at

lor¡ temparatures ¡lerè: Aleacharinae, åtbelg spp., !. dåg:

EËgle , Ë. fgscf cgps , lelhggþlun gggqt u&, !e!¡e!-bigg sp . r

lbiloe!¡ge sp. and !, Eitå-ëul_uÇ.

Soj.l surface sa mples eollected in ltarch , 19'35, contained

four f amilies on the rj-clge, f ive in the voods, and three in
the meadow lTable 13-5). The density of carabids in the

snoìr sanples nas greatest on the ridge, in contrast to thg

snall nunbers f,ouncl in the t.raps; that of chrysomel-ids was

greatast in the ryood,s, again cont.rasted with virtuaLlï DÐnÊ

fouod in the t.raps; ancl that of, staphylj-nicls r¡as greatest in
the nea'dow. one specimen of the carabid B. ggegrlgêculn:
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lUn, tras collected on the riilqe; another, A, ggnalengis, in
the uooils ; and one å. SËapI¿C-up and one SachåBFç s p.

collecteil fron the neadow.

Seven of the 8? species of coleopterans ara k¡ovn to have

holarctic d j.st,rÍhutions {Table 13- 6) .

Generally, alnost all species of carabids antl staphy-

linids Î¡ere col"locted i n october anil,/or November; culy

Agog.gm ret¡ggtqm LêC. $as taken solely in su$merr I'tost

members of the familíes representecl in the collections were

not active on tha soi.l surf,ace in the $arÐer nonths,

Curculicnids, dytiscict larvae, elaterids anil 1eÍcdicts rrere

restrict€d in their aetivÍty to the sunmer.

TTI. DTSCTJSSTON

Activity by cantharÌûs and staphylinids uas obseryecl at

tenperatures near OoC {flo1mquÍst 1926, Chapman 1954" iteyile-

nann 1956 " Renken 1956, Folska 1957, t{ason 197 2l , and ihese

famíli-es also exhibited activity in octobÊr ancl ltrov*nber at

Fort fthyte when temparat.uxes vere about 0oC. The staphy-

liniils ïer€ rarelv seen in summer, as thêy apoareatrv mov'eit

into rnoisÈ, soil crevices ; the pattern of activity
dçscritrecl by Heyde-$ann { 1956) in Germany sas also observçil

Ín lltanitoba, in which naximal actj-vity on thÐ soil_ surfacp

occurred i,n October and November. Heyrlenann { 1 956) f cunil

that thç activity of hiemal staphyliuicls r¡as inhíbitad at

-4oc ancl lower; in south.etn Manitoba sone menbers of this
fanily fl€r€ capable of novemçnt at thÍs temperature in the
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laboratory, but in th+ field thêy vere inhibite,S at -zoc.

Carabiils exposed to low temperatures in the laboratory TrÈrç

actise at -9,5ûc for up to one minute. SouÐ b*+tles hecome

active in ilecr*asing, or at lower, tenperatuïes. Iecbå¡gg

and other sna11 staphylinids $erÊ most nunêrous in the

hiænal fauna i-n cexmany {Heydenann 1956} ; in sout,hern

t{anitoba À!ùg!g spÞ. and other sual-1 species Nrere abundant

in October ancl Novamber. Also the gênera of carabiils anil

staphyliuids vhich HeËe uinter-activs in Europe {Benken

1956) uers also winter-active at Fort Fhyte.

Gcnerally cantharirls, catabids ancl staphyli-nirls are pre-

daceous (Ðvans 1961, l{ason 19121, and the subnivean envj-ron-

ment of,fers this grÐup a sufficient diet of a feu activa,
and many hibernating, invertebrates as preyr or of rott,inq

vegetation or fungal hyphae. Þ1êny carabicls ancl staphvliniils
are associ-ated with litter, wh!.ch provicles them with moist,

cool suxrounilinqs and adequate food {Vli jn a! ê1. 1968,

tlason 1g-l2l; in this stuily Agongm, AÈbetê and legþådågS spp.

rrrere found in the thick litter of the woods, anñ Ptegg:

S!åClgg spp., F. illgÊggtq, fl. fgscglgs and T, chEgsogg;

liggg HeTe usually assocj.ated ryith Èhe thick litter in the

ne atlow,

Sprj-ng-breeding carabi-ils or*rrrinter as ailults, while

autumn-breeiling species ovêrci-nter as larvae {Larsson 1939,

Greenslade 1965, Murdoch 1967" Hallwork 1970, llason 19721.

Almost all carabicls taken in October ancl November at ForÈ

Î{hyte ilere adults, with the exceptj.on of a few pterostichini
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larvae. Thus, it can be coricluded that nearly all species

tak+n at Fort Ï,lhyte ar+ sprinq-breeâers, the excepti-on being

some Pjggoslichgg sFp. In northeastêxn Europe, nore adults

overwinter than in norÈhHestern Europe {Gneenslade 1 965} ,

The hi-qh proportion of overwinterj-ng ailults in Hanitoba is

comoarable to the sj-tuation in noriheastern Europe, sr¡qgest-

inq that species of carabids that overwinÈer as adults arê

setectecl for in a colrler climate.

IV. CONCTUSïON

In southern l{ani.toba colecpteran activity sas mainly

representeil by carabids and sf-aphylini.ds i.n 0ctober and

Novenber, ât t-eurperaturês down to -2oC. A felr indíviduals

were active in winter but rarely bel-or¡ -4oC, though colil

rooilr experiments indÍcatæd that staphyliniils !{ere capable of

activity at -4oc and carabids at -9.5oC for short periods.

À!Ig!a spp,, ,E, Qåsgec!.9, Ë. €usg.glug, HypoÊvgrgË spp, r

EhifpeËgg spp, and g, gåli{-Ulge repr*¡sented those staphy-

l.i¡ids comnonly actj.ve, Hhile E. cagq4.igngm, E. gç4phi.çgn,

e, fggg¡afls anil g. cognalue rêpresent,e¿l the carabíds.

Seven of Èhe 81 species collected in this stu y hav+

holarc tic flístributions.
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Fisure 13- 1

Numbcr cf Coleoptera collecteô in
197 3- 19"1 4 {A ridqe ; e wooils;

three habÍtats
C - meatlog) .

l-n
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Fiqure 13-2

Number of Coleoptera collected in t,hree habitats
1974-19?5 {À - idqe; B - woorls; C - neailow}.

1n
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Fisure 13-3

the number of Coleoptera collected and
19?3-1974; B - 1974-1975).
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relationship
19?5 and the

Figure 1 3-4

betwe¿n the nunber of
temperature difference

Coleoptera coll-actecl in
between T (sl anrl T fa) .
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lable 13-1

Nunbers of Col-eoptera Àctive Sêasonally at Fort Ílhyt-e'
llanitot¡a {19?3 to 1975}

Date

1973-1 9?4

Carabicls
staph vlin i cls
Others

1974- 19'15

Cara bi cts
St,aph yliniils
0thers

Autumn

* T¡appinq occurred only in the Last three reeks of October'

** One coll-eetion onl-y.

19*
3?9*'l*

llinter

13
145

1?

70
417
4'l

spring

20
137

15

0**
3**
1**

Sumner

11
33
23

12
25
16

7
56
46
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Table 13-2

Species of Coleoptera* Tak*n at Fort I{hyte, Hanitoba

Fan. Ànthi.ciilae:
a feç indíviduals

F4,il, Canthariclae:
cenlherig sp.
Êa¡lbg¡lg spr prob. !üfa I.

Fam. Carabirlae**
Àgueql.pgs ggggdg4gis Casey
Âgcnum pglc!¿geps Casey
Àgoggg getrAgtgg LeC.
ng-di5lg! neopglchgllge tindroth
Eesþiêåe3 ggngglssss casev
legþ¿{¿gg grgphlcum casey
EeeÞådÅen g-UegrÈmagulatu {n L.
legþåÊien lrgnspaËÊqs Gebl,
Ee,gÞidåeg vegEågolor Lec.
!EêgJgÊ11u9 gpeggsqr Lec.
Bqe{.scellge legs¿¡lei csi ki
gglÊtþgÞ åsggAlge Ðejean
!þfqenigs pe3sglvanicus Say
lletos!èg-bus geg$êgeflg Dej*an
PÈÊroÊligìgs reqgsglås Kirby
EgeEgElis¡gS lgslggEug Ð€iean
PteEgs!¿çlus ]gggþ.Ieslgs say
PletoståClgg pgngglvalrlgu€ l,ec
Pteggg!Èghgg -pe!Eåg]åS Deieau
Þlgnolophus çomma Fabricj-us
rE¿ghogef-]ge ggg¡Atus Gyllenhal

Fam. Chxysonelitlae:
Àlticinae
Àl.!¿cg sP'
gEaphppg sp. prob. mqgq4sêÅllr€ Cr.

Fam, Cryptophagídaa:
¿gçbi^csgg sP.

Fam. Cr:rculioniclae:
$ileee gglån-{¡jgsllig Fehr.
Sile¡a håSpidslss F¡

Fa m. D ytisciclae:
leggePlil-gs sP. {larvae¡

Fam. Heterocçrirlae:
Dangflus sp. prot . trn$.ê! qs tlelsh.
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FaB. Hydrophiliclae:
Egcçhrus .begå]!e¡å Horn
gschlhebigg sp.

Fam. trathriiliíclae:
caglg!€tg gonslgåSle cyl1.
Çe5ÈisgEia sÞ.,[larvae]
Se¿engpltåe-lge sÞ.

Fa m. lBi-oclí dae :
.çgle!¿g inp.gnclese Lec'
-lgåqdgs spþ' 1 and 2

Fam. Nitidulidae:
!g9gi!4 g.s19p t'

Fan. Pselaphidae:
several- speciuens

Fam. Staphylinidae:
-åc¿dela ggþgglisala Er.
Aleocharinae
Àno!¡lgg sgsp€c!ì¡s casey
AÈhÊ!ê sP.
Eglå3s!!.uË ç¿¡Lsg-lalss uann.
golitslig€ in-lrgsgs Horn
c-yphes -gegigbå}ig Thunbers
Iala-ssåe !åssecle Er,
leleqethoes fgggglgg Lêconte
HJponIgggs sÞ. 1

EJpog-ygrug sp. 2
HIponXgEg^E -Eggç¿ggpç T"êc,
HJpaIrJgEgs halg4lgs Sav
]etþSoblgg arntatgn Say
l,C!br.o!!gn n¿ggg tÈc.
!e!Iro!!g-U nig¡uu r,*c,
--Lebgatblgg sp.
ügcelopgr]¡E sp.
CIlophÃug qopsåUålg GylI.
grus {Eycqgrgs) den!åggg Iec.
o¡:!el.ue sP.
Ph¿lllthgE 5F' 1 to 4

lbålselbgS nr Ëp.
Pbils¡thgs lslgåpes Fab.
ebilo-olbgs ieslAÞi]åe Horn
Plilçn!!s€ .ss.ç¿{eslslis l{orn
PlllgUllue sçhwgrg! Horn
Ehå!e¡!!gs ggria¡s Paykyll
ggedius _gggey¿ ggsêJi schearp.
QgeÊÉss egþlåsþA!ågs Makl'
$i1gsa sp.
$teggs sp,
lgchiggS Ecru!êtpl Gemin. and. Harolil
?aqhSpoqg,s sp. 1 to 3
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f a rì. St aph yliniclae {con I t, } :
Tagh¡¡oEuE n. sp.
Igsþ.gloggE gEêudg5 Say
g4ghy-poEus glrgggmgllgus
Tachg¡o¡us joçg€,¡¡E Say
Iaçhfpgfus gufogus BlrI,
IggbJpgg'us lagêggg 81ry.

Fam. Tenebrioníclae:
s¿veral specimens

* Deterninations bv: E.
Campbell and A, Smetana,

** Determinations byl G.
Bniversity of Altrerta'

l.

C . Becker , D, E, Bright , J. l{.
B.R.I. ¡ ottawa, 0ntario.

E. 8a11, Ðepartment of ïntomo)-agyt
liluonton, Alberta.
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Table 13-3

Carabicl and Staphyliniit Species i,n Each Habítat
Fort !üh yte, t{anitoba

Ri ilqe {7 specie.s) :

EegþiÈågs g-gggg¿macul"+tu m

B, eêrs¿golgr
Çlleegågs pÊggr1gauicug
tgÈgþegelfgg cogÐstuq
.[leocharinae
-E¡¿}onlbus garågss
ragblpgru ç gå!.ggu1 gs +

$loods {25 species) :

Àcgpêlpgs EêDqdenÞ¿g
Agogun lunc!¿gepsÀ. relrgc:lug
Eeg¿ElÊs nespulghellue
EeeÞidåen saqaÈ¿ssss
E. grglhic-u-B
E. g.gêdË¿-g-êculA!üg
E. lnagçparegs
B. gersicoleq
Çalat.bus iggralgg
PtêEeËtåclse geglicclls
B. luclgosgg
g. PËgsgl-gêeigge
Slggolgplgg gsmna
¿!äe!g sp.*
-Ep-Ulg¡iqs in;lrgsgs
cy.pbon gegåeÞilis
-Hejgrg!-h9.ps J usgulus
H¡pggag¡us spp.*
3lilonlbss ÅsË!êþ!l!e
P, gccídg¡le]iS
g. ËÇbrgagzå
9uÊêiilE geggJi sêEey¿geghgpgsus spp.*
!' qålidglse

Meadoll {24 species}:

Eggbidåos cggadiaegg
3. gÊegbåçsB
lregy.ggllgg ceqgÊq€r
Þ. leggglei
Pleggglichgs cesåicelis
P. lqnoralis
P. JggsþIaqågs
P. PgngYlvlrgiçgsxg. pgtugt¿s
Triçbg.cgl]uq cggnglgs*
Àleocharinae
rêlagrås li-ssect,a*albgle sp.*
gejeEo!þg,.pË f ug,cul us*
HllggIgEgs sPp.*
trlJcalopgsqg sp.
orus Ègg!ågeç
Shi.fgslbse issgêþi}ås
P. ssg}ge4lelisP. gêrlggs
Såfugê sp'
ggghiggg ççË,gtatsg
Teçbrgs,ËuÊ çþErËqgs}ålseg' siÊrûslsg

at

* commcn
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Coleoptera Used in Colf,
{Al Carabifls: 10
(B) Staphylinids:

TenperaÈure
in oc

30 - 40c

-rtÐc

Table 13-4

Rocm ExFeriments j.n Novenber, 19742
trials, 5 inilivi-cluals; and

35 frials, 33 i-nðividuals

Exposurç Nunber nf
Time Beetles

Ilsed

-9.50C

-120c

5 ninutes

ninutes {À)
{B)

minute {A)
{B}

minute {A)
{B)

{A)
tB)

Num ber of Beet Les llith
Nornal Loss of
Activity Motor ControL

5
33

5
33

5
32

Table 1 3-5

Densities of Coleopt+rans per me Determinefl from snow
samples collectecl 17 i{arch, 1975

5
33

5
32

3
3

0
0

Family

2
2

CarabÍdae

Chryso meliclae

Elat,erídae

Lathri-diiclae

Staph ylini clae

Othars

0
0

0
1

2
29

2
2

RÍ ilqe

9"6

39,2

14.3

14.3

l{oods

t.0
75.7

4,0

t{eadou

4.0

15, g

8.0

47, 9

4.0
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lable 13-6

coleoptÊtra with Holarctic Ðistributions that L'ere Taken
Fort llhyte, Manitoba { 19?3 to 1975)

S pe cies

Carabidae:

seuþidåeg ggadElnaqgl-alu m

nembidign transpgrens
Tgåcbggg$gg sog¡at,sg

CurcuLioniilae:

s ilosa s-Y]å4.{E¿ssllis
Þi!s!s biçpidglgs

Staph ylíni dlae :

oleph¡gm sg!gå-u¿.}q
Taqh$oIus gh¡ysomg1ÈnUg

Referencs

at

Lindroth 1957
tin ilrot h 19 57
Lindrot.h 1957

tindroth 1957
Lindroth 1957

Kauri
¡{ascn

et al,
191 2

1 9?4?
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chapter llIV

^gBaE8g-lrPg 83.À-À!!-Hgg$ggerEBè

À. -Ðiplege

Dj-ptera are abundant in $any habitats, Some mçmbers of

this order arê associated *ith snos in Europe antl North

Ànerica, especial-ly th* tipulíd genus SbåggCg, whiln culi-

cids, chi.ronomi-ils ancl simulids are numerous in arcti-c

reqions. Activity at loç tenperaturÊs ryi1I be consi.dererl in

this chapter..

Classical stuclies on '¡inter-acti-ve dipterans sere dohe on

gbigngg sPP. lTipuliilae) and Trlghgge¡a sPF. {Trichoceri-
clae) (Hojtusiak 1951, Chapman 1954, Dahl 1969, flásvar 19?1),

other ninter-active farnilíes are Ant,honyiidae, ChironomiÈlae,

I{ycetophilidae, Phoridae , Sc5-ariclae and sphaerocerítlae

(ñolnquist 1926, Renken 1956, IIâgvar and östbye '19?33).

In uestern Hontana Chapman f1954) noted f,our species of

gbig¡gg active on the snow surface at about 0oC, This gsnus

is assocíateil nith forested, nindl-ess areas , tlas active

rlo+¡n to -5. 6oC r â$d exhi.bi-ted no movement at -7 "zoc. Tn

similar condi-tions in Norway, Cbiggga argqÊgiilgs Dalmr wðr.s

found movínq continuously on the snou surface ín the

te¡nperature range of 0o to -60c. fts supercoolinq point was
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cletermined to be -?.5oC, anil thi-s species obviously nust be

acclinated to be active doun to -6oc {Hágvar 19?1). In

Poland the thermal preferencla fcr two species of Çbig4e4 lfas

between -1o and -5.soci these species flere collected on snolr

at temperatures nêar QoC on sj.ndless flays fron Oetob+r to

ltarch (f{o-itusiak 1951)

Four specíes of chironomids collected fron the snolr

surface fron December to Àprj-l in southÈrn Norrray exhibiterS.

therma!- preferenda in the ranges of 0o t,o -zoc' Ðipmsgg

pgrngcet tlalk , ÍIas act j.ve at -4. soc {Háqvar and östbye

1e?31, Holnquist (1926) coLlected Llggelgpbile pggqtêLA

Ìleiq. j.n ryj-nter from the subuivean space'

R€nken {1956) collected colcl-resist,ant aüÈtìomyiicls'

phorids, sciarids and sphaerocerials in winter. In Sweilen

four speci-es cf trichoeeriils exhibitecl 1ory crítical tempera-

tures between -1,50 to -5oC. tarvae of Tgåchggç5a sgltalos

Harr. uere sti1l mobÍLe at -3oc, and those of another

specíes at -6oc; these larvae toleratecl partial freezÍnq

whÍle adults did not. llone the less' lot temperatures ïËre

associateit cith 1o¡r leve1s of activitv {Dahl 19691' In

aditj.tion, the cecidcmyid, ÀnoçIa sp. poss. nêTr has been

collected fron the snÕ$ surface in the boreal reqions of

tlanitoba .{pruitt7 pÊrs. comm.}.

B. IlImenoplgga

Winter acÈivity of hynenopterans $as noted by Renken

{1956) at temperatures nëar 0oC, especially of iliapriids'

formicirts (ants) and the braconid' Bl3ggs rgfiCggg*s; h+
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founcl sonê cêraphronicts ín the soil an'ð ichnsumonids uniler

bark al-so. Nsar chÍcago, ü. s.À., ttrormguist 11926) noted.

ichneumonicls active i-n early November, and ants an<l larva1
ichne unonids on t,he soil surface later in t.he çinter.

ttallanby {1940) exa¡nineil low temperat.ure activity in the
ant, .Eorgåcg ruf,a, which T{as act,i ve at 6oC or hiqher anil

shonecl cold stupor at a t€npçrature of 1oc in Finaish
Lapland, Col-il-hardiness in Eraggg ggpbi, Çephus gåaglgg anil

ants flas tliscussed pr€viously i¡l Chapter IT {Salt ,|950,

1959; Ohynama and Asahina 19721,

Predation by sasps in the fanilies chalcíilidae, rchneu-

nonidaa, scelioniilae and sphecidae occurs on spiders cr on

egg sacs of spiilers {xessler 1971 , Norton 197 3t , whí1+

parasitism by species in the families Ichneumonidae and

Braconiila+ occurs on a .¡ícle variety of hosts, iactuclinq
cycì-orrhaphous ilipterans and aphids {t{uesebeck et 91, 1951,

I'latthe¡¡s 19-141. rn ad.dition ceraphronicls anrt diapriiits
parasÍtíze coniopteryqians anil dipterans; mynarids arË

internal- parasites in eggs of homopterans ancl of coleop-
terans; and scerionids d velop in such hosts as lepíitop-
terans r hemipterans, orthopterans, diptsransr sÞiilers,
coleopÈêrans anrâ neuopterans (l'tuæsebeck e! g!, 19s1). Ants

usually pÌey upon homopterans and clipterans, especially
Iarval c*cidonyitls, clolichopo'li-ds and sciarids {petal et al.
1971).
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a. !åpÌege

The nunbers and dive rsíty of species of fli.es rdere

greatest ín October, but both st,eadiLv decreasad throuqhout

November (Table 14-1) . I$ winter dipterans displ-ayail virtu-

ally no activity, hut in laÈ* Àpril and ùlay activity xas

resilmril, The most r€presêntatÍve species of this order

uerÈ: SgiUa loqgåggnnig. Loen., gJg.€tophåla spp., tleqasgJls

spp., lgptogçIê spp. and. Brgdfgia spp. À11 species taken

at Fort l{hyte are representecl in Table 14-2.

In October" 19?3, DumbÊrs of âipteraas setre greatest j-n

the woods and least on the rj-dgç {57 vsr 14 indivíduals on

17 octobe¡, 19?3). Àctivi-ty ceasefl oD t,he riilqe and ín the

neaflow by the enil of November, while sone activity occurreil

until late December in Èhe woods, Iß Oct.ober, thc dipteran

catch on the nidga was 38% nycetophilids, in the voods , 49l',

anthomyij-ds, and in the meaclow . 22yn phorids. The oue

specimen Èaken in the woods in the spring of 19?4 Has a

phorid; the specimens taken in the summer represent,+ll

fa¡nili+s not col-lected in u.i-nter. The individuals taken

from thc subnivean spacÊ ldere collected at lls) of -1.5oC on

ths ri.tlqe, -4oC in the woods and -1.25oC in the neaclory.

În 19'?4 - 1975, a símilar pattern uas seÊn, thouqh ,early

winter act.ivity sas grçater than the previous year in al1

habitats. The dipte an cateh in autumn r¡ras 19f phorids; the

uinter catch, ?6% nycetophilids: and the spring catch, 36Vr

IT. BESITLT S
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phorÍds. Host of the summer catch $as fron families tbat

did not form the nra jor ccmpon€nt of the r.rinter eatc h. In

wínt'er' actívÍty ilas xecôr¿led at r{s) of -3'2oc on the

ri.clqe t -3.5oc in the voocls and -3oc ís the meacloç. Hënce,

-3" soc appÊars to be a 1CIreE limit for activj.ty.

Nc corrê]atíons betveen dipteran activity antl t {s) uere

possitrle sj-nce recordings of temperature r,lÈIe not available

unti.l after the cessation of activity of most of this o¡der.

Correlations between clipteran anrl hynenopteran activity ryerê

calculated f,or each YêaI, fn 19'13 - 1974 the corrÊlat,ion

coefficient ì{as not signif i-cant tP

19'15, it Has signifj-cant at thÊ 1% leve1 {r = 0.64} '
onç nycet.ophilið, Hyge!9ghi¿ê €unggsgm Î"af f oon ' lras

test,ed in colcl toom ex periments in l{ovenber t 19'11+. Thê

specimen ïas active ilonn to -9.soÇ' but lost its motor

control at -12oC.

Sno¡r samples collectetl in I'1arch, 19-15' contained nostly

larval stages of Diptera: nonê ïe'¡e taken frour the ridge'

12 animalslma ,fler€ ostinat+d in the uoods, and 1437ma in the

meadow, Henc€, the neadow was most itenselY populated with

flipterans. One qenus fron the neadou ¡{as identified aS

çgE.gngp!Ërê sP.

of the 34 speei,es collecteit, eiqht werg taken only in

sqnnêr which flêrê in the fanilies Cecidomyidae, Chironomiclae

asd Dolichopodidae. PTost of the other species uerÊ taken in

October, of which a fe$ wÊre actíve ínt,o the ¡rinter perioil'
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B. !g-pgng-pÊgEa

This orcler follolreð the same general pattern of actívity
as the ilipterans. ?he ma joritv of uasps trappecl íerÊ smalr
ín size ancl íerÐ usualtry species knoryn to bB parasj-tic on

the families of dipterans and ccleopterans that rrere also
collected. Generally, hymenorrterans Here fiore restricted in
activity than dípterans. The numbe¡s trappeftr each yêar arÊ

recorded in Table 14-1. probabry the hiqh nunbers recordefl
in 197t1 - 19?5 arc a refl-ection of the $arm autunnal periocl

and of the readily avaiLable prey. ?hæ specåes taken are
tabulated in Table 14-3. The main rêpxËsentatives of the
order werÊ: Ceraphlgn spp., legdg.ggërgs spp., gqlyta spp. r

5ss-llg spÞ. and Tgjmolus spp,

In 19?3- 197t+ little activity occurred in October and

Novenber except on ttre ridge, nhere 57v, of th* hymenopteran

catch ïas raconids. A suilclsn d¡op in activity occurreil in
late october, whích continu*cl untir activity Êvèntually
ceasecl at the entl of November. ThreË individuals rerÊ taken
in ilinter r ât a T (s) of - 1 " 5oC, In spring al_m ost no

actÍvity cas exhibitef,, whereas ín sunmer 81,/, of the soil
surf,ace act.ivity was due to ants,

In 19?4-19?5 the samê pattern was s*ên aqain, except for
hiqh nunbers on the nidqe. In autum[ the riclge had 152

aetive individuats, ancl the woods and neadow both hail 48,
199Í çf vhich wère ants. rn winte¡ fifteen specinens HerÊ

collected from the ridge ar¡d sevÊn from the woods, when T,{s)

ranged fron -2.50 to -5n5oc. rn the sprinq of lg].s ants

22A



comprisêil 639( of, the total hVmenopteran cat,ch, the hiqhast

prr:portion of which came f rom th* mearlot. In suÍ¡Ber' 444 of

the catch was ants.

Soil surfacç samples taken in March, 1975, revealad no

hynrenopterans on the ridqe {hence, they must be activa ín

earS-y winter and overuintær elsewhere) i 24 animals/mz l*erÐ

found in the ¡roods, including soue scelionid.s, Is¡iS sÞ.r

and a ceraphroniil, A-Phqnqggus sP. B. i aorl 20 anírnals/nz in

the neador incluiling "rgËiË sP' and the scelionid' Eagls sp.

A total of forty-four speciÊs sexÉ taken at' Fort Whyte'

sêven of uhi-ch Here taken anly in summ€r {from th+ bra-

conicls, cynipiôs, eucoiliits and 
- scelionids) , and tvo of

r¡hi-eh Hêre collected in winter ouly. The latter tno

specíesr ân ichneumonid, Dåaclsgseg pe4!s11ag Ashm., antl a

diapriid, zggot.A sp.r could be labelled ïj-nter-active; All

other species were takcn mostly in autunn, except for the

ants. Deterninations past the qeneric level uerä oft n not

possible, since many gxoups have not been stuilied intensive-

1y (Ivanochko, p€rs, coßil.).

$gfgige f,qþågg5¡lE has a holarctic ilistrÍbution {Linrlroth

1957).

À. -Ðåplege

The cliptqrans, 9}åoggA and Trlgbqg.ggg sPP" ryêre active

at 1ow tenperat,ules (flo jtusiak 1951, Chapman 1974 , Dahl
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19()9, Hågvar 19?1) r âs lrere colcl-resist,ant anthomyiiits,

mycetophilj-ds, phorids, sciariils and sphaeroceríds {HoIn-

quist 1926 t Renken 1956) , These f amilies lrÊre active in
autumn at Fort I{hyta. Chapnan {1954) recordecl activity for
Chígngg sp. at -5.6oCr antl H8gvar (1971) at - 6oC, vhile in
sout,hern Hanitoba .gggÊ!A.!!!le f,gggggum r*as still actívÈ at.

-9.5oC.

The larqe numbers and grêat species iliversity in autumn

and subsequent declines in both into November inply mígra-

tion fron other layers to the soi.1 surfacs ia autumn, Ín
search of overwinterinq guarteËs.

B. Hyggngglara

Renken {1956} recorileil activity of braconj-ds, diapríiils
and ants' at 1or+ tênpÈratures {i.e, ûëar 0ÐC), r¡hilo

Holnguist {19261 , founrl active ichneunoniils i¡ Nov€mber.

These groups yere also active in October ancl November at

Fort lf h Tte .

Predation by Hasps occurs on Ba$y species of hosts

{l{uesebeck g! aI. 1951, Kessler 1971, Norton 19?3, ttatthevs

1974), most of which lrere present on the soil surfacç in

October antl Novenber at Fort Hhyte. Hence, it nay be

assuned that the wasps ilene ín search of hosts, Tho

correlations betueen cliptenan anil hymeuopteran activity fler*

siqnificant on the ridge in 1973-1974 (P

habitats in 1974-1975 {P

may be partially rasponsihle fo¡ t,he relationship. titorê
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than 40% of the actívity of hymenopterans is related to that

of ilipterans in 19?3-1974 {r = 0.66}, {l{a1poIe 1968), ancl

since nany of thæ wasps are parasitic on fami-l-íes of the

oiptera that r{êxê col-lected, parasitism is a possi-ble

explanation for the híqh degree of correlation,

Ànts arç Dumërous in fields and ar€ reported to reduce

the nunbers of invertebrates in sumüer {PetaL €t 41. 1971},

In southern Manitoba ants r*pres*ntecl 81Í of the hynenop-

teran sunner catch in 19?4 and 44?6 in 1975, The qraatest,

sumner activity of this family cccurrail on the ridqe and in

the neaclow.

IV, CON CI.USTON

t{ost activity of dipterans oû th; soil surfae* llas seen

in october and Novemher. virtually no activity occurreil in

vint,er but there Has a resunption of activity i-n lat*

sprinc. Ilynenopterans Herê especially actj.ve ín sunmer, ancl

their activity in autumu and early winter ïas closelv

correl ated with that of clipterans. Both orrlers Here

restricteil in movenent at los temperatur€s of -3,5oc and

-5.5oc respectively, with the exception of the activity

shosn bv $ysgÈgplIla fungorum at -9.5oc. ggllle loggipg4:

Sls, llygglephile spp., IÊgêEelle sÞp., Qraclysig spÞ. ancl

tgplgcÊrê spp. reprÈsentecl the maiority of clípterans activa

at low temperatures, ¡¡hile Cggg¡þggg sPP., gegÈroc€rus sFÞ'r

BglflA spp., EgÊIlg and 1råmorgs spp. representeil the

greatest proportion of the hynenoptetans.
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Table 14-1

Numbers of Dipt,era and Ïlymenoptera ÀcÈive Seasonally
at Fort fihyte ' ItlaniÈoba

Date

1973 1974

Diptera
fl'yneno.

19?4 - 1915

Díptera
Hymeno.

Àutu¡nn lti nter

'!38*
38*

* Collections only in last three

** one collection onJ-Y.

113
248

14
l+

Språnq

18
23

1**
1**

Summer

31
76

83
288

¡leeks of october.

122
338
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TabIe 14-2

Specíes of Diptçra* Taken at Fort llhyte, Mariitoba
fron 19-73 to 19? 5

Fan. Anthornviidae

!-uååfê lÐpgipeelle Loê¡r.

f'aü. CaJ.låphori.dae

a feu larvae

Fan. Ceciilonryiidae

ÀneeE_lÊ sp. {?)
AbÊþCgp-begg sP.

Fam. ChLoropiilae

gg4å-98çipeL3e sP.
r:Eibolgg Ê4nigs *ott.
^9ggåæ11e isçefle Beclcêr
I, gmbgesê Loar.r.
!!Êgre!gm-våg sP.

I'an. Chironomidae

çhlgono4gs sp.
ço.EIngugê sp.
-UageåEch¿c ÇrP 'Hggg¡e1ggÍg sp. poss. þelig&gg B€ck and
.BaEa.phagsoglêêågs sp.
PsËu4gsgi3llA sp, {?}

Fam. Dclichopoilitlae

låS¡gnogp¡pg sÞ,

Fam. Dryomy:ziilae

lIJornJFa sÞ.

Fan, Ephydriclae

leeele ç-Ugv¿.çêgga r19.

Beck
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Fan. Mvcetophiliclae

lxgghla sp.
ltygeto-p-hjla líSbêraË Laf f con
!. €ggggru-U DÈ9.
Qrfg!-ia sÞ.

Fam, Phoridae

ÐlBlgngrva fgsgÞgåS HÇ.
üegessfie {Àphlsçlaeåg) sF.
Eul¿c¿pþorg sggvlg Bors.

Faa. Psychoilitlae

Pãgc,boga sp,

Fan. Sciaridae

ErÊdyEig sF.
Êg¡yngplgga {?} sÞ.
Sçetg-pggåefe sp.

Fan, Sphaeroceridae

fÊpÈgçe5ê Ð. sp.
re-plgçega (3lelgg¡arnme or EagþispEÈÊ) ligege villen-Duda
SphgergseEa micrgllgê Duda

Fan, StnaÈio¡nyidae

Neopþgcygaslgr sn.

Fam. Trichoceridae

grichgcgsg sÍ,"

* Deternínations try B.
pine, D. R. Oliver, B.
J, R. Vockerbothr B. R" I.

Ccoper, L. I'orster,
V. Peterson, Il . J.
, 0ttaïa, OûtarÈo,

J. F. HcÀl-
Íeskey anf,
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Table 14-3

Speeies of Hymenopte a* Taken at fort Ðhytê, ltlanitoba
fron 1973 to '1975

Fan. Braconiilae

Aphiilius sp.
llecge sP.
gfgilgg gsssgetus lrluês,
9rgaU!ås sP.

Fan. Ceraphronidae

Àpha¡gg¡us sp. A and B

.Çe¡agbsgS so. A

CsnosÊigurug sp,
Ð.ÊndEpcgr-Ug sp. A

Fam. Cynipictae

.TIE!9.TEES€ SP.

Fam. Dj-apriidae

lasg-þs sP.
EefIta sp. À and B

opggg¡ sP.
-Pe¿l-us sp.
IE.¿chep¡ia sÞ,
Zygola sp.

Fam, Eucoili-rla*

-Bå]åselb¡it sP'

fan, Eulophid.ae

_gçlgêsliglgg Ðêgeglh¿y.qËus compgr cahaû

Fam, Fornicidae**

çampepolgp noveþgqageggig Fitch
lesåge peå]ålaggge {Så!&egBEåg} provencher
re-plplbelax Sgggosg_S llylaniler
gygnåça leÞåCp¡gig freqligernåS Enerr
Iep!¡gee Eesei¡Ë sav
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Fa m-. Tchneumoniclae

nlgaslgdsg sp.
o!-eÊrgee.g -pegÈellgÊ ashm .
Hg1lgþêg sp.
IghgÊugon sÞ.
uÊgesËylus sp.
$elegig¡Bgu-gçn sÞ.
orthggelt¡gE sÞ.
PhyggÈegon sp.
Slgnolarcr¡g sp.

Fam. t{Tnariclae

gegatgce¡us sp,

Fam. Scelionidae

Baeus sÞ.
ggyol) eåSeIfgS Haliday
g. n.g¡mggo.pllfge Àshmead
Hg¿gleleie þågS]9r Harrinston
Idrig sp,
Sggl¿-p såggglagåe Huesebeck
E. gtglgtågellgjE rieffer
Isimorgs sp, À and B

Fam, Sphecidae

Ag1isla sþ.

* Determinations
Hasnâr, W. R. 11.

Ottawa, ûntario.
** DeterminatÍons
Besearch Station,
2lt 9.

by: fl, E,
ilason and. C.

by: G" I".
195 Dafoe Road,

Bj.sdee, È1. Ivanoehko, t,
lI . Yoshimoto, B.R,I.,

Ayre, Canada Aqriculture
Hinnipê9, Hanitoba 431-
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Í.. REVTE}I ÛF TTTEfiÀTUAE

The ordars [Temípt*ra, Ilonoptera, LÊpidoptera, NÊutrptâra,

orthoptera and Thysanoptera wi-Il be consiilered. In the

Chicago area Holnquist {1926) f,orrad many insects actíve in

early November, incluclínq nabíds, arctj. j-ds, acrj.dids anrl.

qryllicls, flÊ also found cicadellids normal-1y active in

winter, and larval Àpaglggåg gilg,g, L. vhich w€re capablc of

sìovemsnt Íu uinte¡.

Chapman (1954) coll-ecterl acti.ve fenale geomet.ri¿l noths,

0pe¡ophtgrg sp., from the snow surface, and^ Renken {1956)

recorded nabids as rinter-active. The 1aÈter author stated

that phytophaqous species flers rarely winter-active; most of

the species that he found in ri-nten uerË predatory. Gly-

cerol ras founcl ín the cclil-harcly slug caterpil-lar, ûlonêma

flgggçcens {Asahina 19661 .

Chapter Xv

eTEER_r N5Eç3_q89gBã

IT. RE Sgf,T 5

The aumber of represÊntatÍves of each orcler founcl active

seasonally arê presented in lfabl+ 15-1. Data on Neuropt,era,

orthoptera and ThysanoptÊra uerË sparsê and therefore rlerÐ

eombined. tlost activity in these orders !{as shown hy
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orthopterans, Generally, the honopterans Here active on ths

soí1 surface in the grÊat€st nunbers j-n all sêason5;

cicadellicl nymphs tlere nost numerous i-n winterr âhd other

ord€ts Here Iestlicted to the suutuer and autumn Seasons.

Forty-tno speeÍes nere collËcÈ+d in thçse orders of mÍnor

importance lTabLe 15-21 . The ridqe sit,e usually hail ttre

greatest numbers of all- orcl.exs, excêpt for homopterans which

1¡erç nost activ€ in the Hoods in uinter. Orthopterans {ere

abunilant or¡ the ridqe in october.

The pattern of a sharp decline in numbers in late autumn,

alilost no activítV in çinterr antl resunption of activity in

late sprinq and sunner ilas qeneral for these orders. The

trap catches in both years llerÈ similar' €xc€pt for an

inerease ín catch in the autumn of '1974 - 1975; hence, the

results of both years will be discussecl concurrently.

!.êÞiE gålgggglgg Parsb. wâs collecteil in october and N'

Ioseigegnlg Reuter in November when the T{s) llas about -5Ðc.

The tinqið, QgEythucÞa sp, prob. ggtgl!' lras taken in

october anil November. Aphitts, êr {' AFphoEo¡þogg sP '
pOss., were COllecterî. in October, ÐËcember, Januaf y anri

February at Tls) of -3.50, '2or -4o and -5oc r€spëctiveLy.

Cicadçllicl nymphs ïere taken occasionally throuqhout t.h*

winter, espeeially Ín the roods, at T{sl in the ranqe of

-1.5o to -?oC. e lepidopterous larva ilas colleetecl from the

meailor in earlv Aprj-l , 197tr, at T{s) of -0.5oC. In lata

Navenber, 1974, a thysanopteran ïas taken in the mea'dow when

the soil surfacê tenperature had fallen to -'1.2ÐC from
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-4 " 50c.

Experinents at low temperatures ín the laboratory on a

lysaeicl, E¡ggggSgig ÉgEgs 5âYr collected in late Novembër,

19?4, showecl t,his hemipteran to be ¿ctive at -4oc but !üâ,s

unable to naintain coordi"natíon afte¡ one minute at -9.5oc

anil ilie il .

ldinter activity in these orders ¡ias exhibj-tad mostly bY

cicadellirl nynphs¡ €.{f ., Àggçg!+gg$åg sP. r taken ín

Jauuâry, and occasionally by aphitls {ê.9. Amp}çfpplgsa

sp.) r nabicls {SgþåÊ spp.} and lygaeicls {E' €grug).

Soil- surface sanplas collectecl in t'Iarch, 1975, estab-

lished that nany thysanopterans Here present unde¡ snory but

lrer,ê inactive, on the ridge a population density of 894

thripsr¿me Has estinated; in the r¡oocls 64¡¡¡z; and in the

neaclow 255,/nz" Both Egeg!.f¿gleflg !C.å!+çf fitch and lÍesotå-

råps -þåggfgg Heeqer tdere collected" from snou samples in the

neadowr âs Haxe hemipterans ÇgriBgåqeB+ pg}ågggåg Gerner and

IggÞp-ggengs lFgvåCg¡eie parsh, The lyqaeid EpbragåeÈjg3g

.4gbglgggs Fallen and an immature pseudococcid HÊre collectetl

in the uoocls,

TTI. DTSCOSSION

The records of activity at lon temperat,ures of cicadel-

licls, nabíds, arcti-Íds, acridids ancl gryllids {HolnquisÈ

1926" Renken 1956) are supported by ðata on aetivity in t,he

sane fanilies in sotrthern l{anít.oba in Clctober and November,

especially by Cicarlellidaa, rhi"ch car¡ be classífied as
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$intêr-active ån t.his region. The activity of preilatory

speci.es in ri-nter ¡nonths {Rçnken 1956) nas generally true at
Fort Fhyte, excapt for the cicadelticls.

aphåils sere Èhought to nígrat* ia autumn to overwintering
sites uhere they renain imnobÍle thror¡qhout the ryinteri ê.Ç.

in autumn BÞgpelgsiplgg pggå t. moves to prugg5 sp, r on

whÍch it ovêrrinters {Robinson, psrs" comm,). one specimen

of R' -EgÊi t,aken frorn the ridge in late octob+r gras

presumably searchinq for lrungs spp. r though ít ras caught

late in the season. Ànpho.E-gphsra sp" usually occurs on

shrubs such as 3gþgg spp. anil does not feerr on qEasses

{Robinson, pers' conm,); howev*r, in Decembar one individu-
al- was collectcd from the meadox, at the end of the transect
with bushes in the vici¡rity.

Geometrid moths llerê collected. from Èhe snoï surface ín
I'Iontana by chapman {195a}; in southeru t{anitoba active adult
lepÍdopterans werê not fcunil in the uinter months, though

somÈ hacl been collectecl ín october, Gènerally, ât Fort
flhyte this order was restricted in activity to temparatures

at or greater than OoC.

rn late November when there uas little snor and the soil
surface temperature ïras -4,5oc, a thysanopteran was

coll-ected. fts activity may have been facilitated. by the

racliant ên€rgy from the sun. Thouqh nunerous in snohr

samples collectecl in the open antl grassy areas of the rídqe

and meador, thrÍps t'Ðr€ qenerally not active at low

te mpelatuxÐs r
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The ordens llemíptera, I{omoptera, tepidootera, Neuroptera,

ort.hoptera and Thysanoptera occurred in aut,umn but rar+1y

exhibitecl activity at tern peratures below 0oC, Hit,h the

exception of a few cj.caråellid nymphs that ïêre collectecl at

T(s) ranginq from -1,50 to -4.5oc, The minimum temperature

at which actÍvity was rÊcorded fo¡ Lepidoptera yas close to

0oC; for thysanopteransr-4.5oC; and for aphids, -5oC. The

lyqaeirl, Eãgtsoserls fergs, exhíbiteil normal activity at -4oC

but lras killed after one minut+ at -9,5oC.

IV " COlt CLT¡S ION
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Table 15-1

Seasonal Activi.ty of Other Iasect Fanilies
Collected at Fort Hhyte, H¿i¡itoba

Date

19?3 - 1974

Hemiptera
Hono ptera
l,epidop.
0thers

1974 - 1975

Hemi pter a
Honptëra
lepi dop.
0thers

Autunn !{i nter

6*
2*
1

0*

* Collectioas onlv in last three weeks of october'

** One collection only.

2
I
1

0

Sprinq

1CI

110
1g
4B

2x*
3**
0**
0**

sunner

4
19

0
7

6
123

24
35

1

66
3
9

6
122

?8
8B
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Table 15-2

r'i.st of species of llemipte ra, Honoptera, tepidoptera, Ne uro-ptera, Orthoptera, antl Thysanoptera*
at Í'ort ffhyte, Manitoba from 1973 to 1975

ORDEN HE}IIPTERÀ

Fam. Corimelanidae
ÇogåmelaeEe "pgJ¿çetig Germar

Fan. Iygaeidae
ErËggcgEi5 Jegge say
IS.g-bgo-üenus bgg:¡iggqgåS pa rsh.
sccfopgsleÈlge lbeesegi Reurer
5E-h-fgg¿E!åC-Ug nalglae"U5 Fallen

Fam, tlabi.clae
-Nê-þ¿€ eJle¡¡elgs parsh.
Ie-þÈS Eoseågeglig Reuter

Fam. linqídae
CggJ!!-USha sp. prob. cotyl,i
lexJlh3ghÂ mermota uhler

OBDEB IiOHOPTEBÀ

I'am. Àphj,ilae**
-4gplggg.p.herg sp. poss.
Àg-på={qp-bÅSg gtAÞÊ.ggÈS Smith and Knowlron
Àulacprllg.g sp. prob.
ÇgpåtgplgggË ÊJqeaggi det cuercio
Ebopalosip-b=ng sp. prob. J!!SIå Sancl.
B. -pag¿ l.B. "poge ciLl,etÈe

Fan, Cicarlelli.dae
AcerÊlage¿_l¿a sp.
cgêrnê spp!Êntglenalis Hatker
lrgeggleceÞbale ag?iqq. r{alker
Éetgple¡us sÞ.

i

Fan. cixiiclae
Çå¿ius miseÅJgg van Ð,

Fam. Delphacidae
Jgcrgtosglla sp.
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ORDXR TEPIDOPTEETT

Fan. Arctiiclae
Apa¡ìlssis våggg L'

Fam. Noctuítlae
larvae prob' Anphi-PYrinae
-äqlåg!¡¿s sP' Poss r
Homorthodes furf,urata Grt. Possr
9f!!9Èes çEËngf,Êlg Butl' Poss.
Pglåg sP. prob.

Fan. Pyralidae
Àlspphi-lg pgügteqia Ïlatr.
Çraphuç sp, prob.
Svncl-ita o bliteralis l{alker

Fan. olethreutidae
possihl-y a few larvae

Fan. Oecophori,lae
ÄgonoBlgrÈg sp" prob. .

ORDER NEUROPTERÀ

Fam, Coniopterygidae
Hemo¡obriídae

'RDEB 
ORT¡{CPTÐFÀ't **

Fam. A critlii clae

lle¡lbippgg suclipeglåe cug!åpþngls flarris

Pam. Gryllíilae
å!]ogeEg!!ge e$.eg$! Alexander anil rhomas

OBDER THTSINÐPTERA
I¡enlclisåella ls¿È¿qå Fitch
Eeeg!-bglpg {Bsf,olhrÈpg) þåcglg5 fleeqer
5eE¿gglhgÈpg gåggg=lelge Hinils

* Determinations by D" Broflû and K. G. A'
{llemiptera) ¡ K. G. A' Hamj-ltcn {Homoptera}; S.
K. B. Bolt.e, A' Mutuura, and E' G. $unËo€
tera): B. A. Parks {Neuroptera) ; and H. R'
{Thysanoptera) r B, R,I. , ÛtÈawa, ontario.

** Ðetarminations by À. G. Robinson, Department
1ogy, university of Hanitoba.

*** Determinations by J, l{cFarlane, Ðepartnent of
e'l t Uni-versity of HaniÈoba.

IIanilton
Allyson,

{1e píf,op-
Richards

of Entomo-

Entomolo-
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Chapter XVI

EgåE orÀ!-Âç3r,gLÏ r_ 0I_gëE_g-uguIgës u_gè4I $-g

Ï. REVTSII OF ITTERÀTI'RE

Temperature has a profouncl effect upon all €ctotharns,
These groups wi-ll be discussed phyloqenetíca11y.

The activity cf olíqoehaetes is positivety corïelateil
with temperature {Satche11 19671, uhÍI* suililen drops in
tenperature and cool neather incluce activåty in qastropoils

{Daintou 1 954n Bisinq anrl Arui tage 1969) and in Chi-lopod+ts

(Cloudsley-Thompson 1951 , 196B) . psËuiloscorpions {åxhibit
little activity in l¡orth Am*rican wínters {NeLson 1c?3) ,

while ín fiurope they remaín active throuqhout the cold
season ($eyqol¿lt 1969) .

certain famil"ies of spicters ardè '*inter-active antl coltt-
resistant, €,Çr clubionids, l-inyphiiôs anil lycosids {üolska
195?, willíams 1962, Buche 1966, Kronesteclt 1968, Kirchner

and Kestler 1969, Hágvar 19?3), Breymetêr {1966) and üets

{1975) founil nunbers of spiders decreased from July to a low

i-n Novembet and February, and increased in Àpril. ln EuropÐ

mites l¡êre recoriled as colcl-ha¡ily {sfimne 1965b, stenset,h

1q65), and in North America Èhís group is acti.ve Ín ltarch

{Ðos¿ly 1965" !li1-1ard 19?3}. Some species of phalanqírls can

survive exposure to -4.5oc, but ilo not exhj.biÈ much aetivj-ty
at these 1cw temperaturës {Toåd 1949) .

colle¡nbola are coLl-hardy, activE at 1ow temperatures anil
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have been coLlected frorn th* snov surface in t.he northern

hemisphare (ltolmquist 1926, Âgrell 1941' Chapman 1954'

üolska 1957, Simon 1961, Kaczmarck 1963). Coleoptera ar*

also active at 1ow ternpêratures in winter {Holnquist 1926,

Chapman 1954, H yelemann 1956, Rê1kËn 1956' !fí1}iams 1959b'

T{o]ska 1957, Gr€enslade 1965, l'lason 1972 ônil 19?4) ' and aI4

a weLl-known colcl-hardy group {Sa1t 19 61' Baust and l1|il]er

1971 and 19't.2, Kaufmann 1971). Ðiptera contain ^ few

winter-active families chich have boen col-IectÊcl on snol¡t

(Holmquist 1926, Ilo'ltusiak 195'1, Chapnan 1954, Renken 1956,

Dahl 1969, Hâqvar 1971, Hågvar anð östbye 1973) ' Iow

temperatrlre aetivS-ty was record.ed ín hynenopterans {floln-

quist 1926, ÞIellanby 19tr0, lenken 1956), ês sas colcl-

harclÍness {sa1t 1950, 1959; Ohyurana anil Àsahina 19721 .

TI. RNSULTS

The numbers of families collected from October to npcil

of each trappinq períod are presented in Figures 16-1 and.

16-2. This pattçrn uas lte11 exÉmplj.físil in all- maior

g¡oups, excepting Àcarina and Collembola, The famílies most

frequently col-lectecl in winter were Eupoitidae, Bhagíclidae'

Clubioniilae, Eríqon!-ftae, tYcosiclae, Eatonobryidae, IsotonL-

dae and StaphYliniclae.

In 19?3-1974, the nunber of families exbibitinq activity

Orad¡a1Ly decreaseil in autumn, followeil by small peaks ín

early to miil-NovembêI, to a l-o!r ín the period from December

to February shen thtee to five famj.lies t¡çre active. In
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l'tarch activity by other families resuned, ancl grailually

increased from Aprj.l onwards. In October morÊ families !{ere

active on the ridge than in the ïoods ancl meatlow {Figure
16- 1) .

In the autu$n of, 1974, the nurnber of farnilies exceeilerl

that of the pr,evious year, clue to the prolo¡¡ged ryarm autumn

and late estabLishment, of pernanent s$o¡i cov€r {Chapter lï).
A sharpcr clecline in nunbers occured by the end of Nov€mber,

shen soil surface ternperatures r¡ere approxinately -BoC

{Fiqure 16'21 ' The last peak of t}¡e y€ar occurred iust
prior to pernanent snolr cover in ¡nid-Decemberr ârìd from that
time on numbers gradually decreased to three to five
fanili€s per habitat, followed by a sliqht increase in March

ancl a ilefinit,e rise in .april, An Ëxcëption ïas no catch on

the riilge ín mífl-April, when 1ocal conilitions flooileil anrl^

froze all the traps, The fluctuations in numbers of

families in the meadoc fron february to spring nay have heen

due to coinciilent suilclen chanqes of 1 {s).
The nunbers of faurilies colLectert rdas cotrrelateil agaÍnst

T{s), anil the corr*raÈíons $ere found Lo not be siqni-fícant
in both y€ars {Fíqur+ 16-3) . For inclividual habítats, the

correlatj-on coefficient was signíficant only on the riclqe {r
= 0"?B; P

ancl the temperature clifference betueen T{s} ancl T{a) r¡ras

also not siqnificant {figu e 16-4},

240



ITI. DTSCUSSÏON

The ilecreases j.n Èemperature wbich occur in autu¡nn induce

activity j"n slugs, snai 1s anil cantipedes {Dainton 1954,

nislnq and Armj.tage 1969, Clor:ilstey-Thompson 1951 and 1968) ,

as the hiqh hurnidity does for oligochaetes {SatcheS-I 1967¡.

At Fort Hhyte thase orders 1ç+re most abundant in October'

uhen tenperatures flerç {lecreasÍng and relative humidity $as

hiqh.

Activity ef spíilers, mj-tes and collembolans Ín Hínter was

notecl by nany authors, with cl-ubÍoniðs, li¡ryphíicls' lycosids

and i-sotonid.s pretlominati.ng {Holska 1957, Willians 1962,

Buche 1 966, Kronestedt 1 968 , Hágvar 1 9?3 , Do Hdy 1965,

wi1lar¿l 1963; IIolug¡ist 192(), "[gre]1 1941 , Chapman 1954'

Tfolska 1957, Simon 1961' Kaczsrarek 1963) . Tn southern

l{anitoba the orders repr+seated by the same families pro-

viderl the larqest number cf flinter-active f arnilies ' Ïn

Poland anrl i.n Ðe1aryare, the ileosity of spi.ders was hiqh in

,Ju1y and low from Novenber to February, trith a rise in April

(Breymeyer 1966, Uetz 1 97 5) . IÌr southern llanitoba ' t be

number of spiders $as clecreased from Octob€r to midryinter

antl gradually j-ncreased fron Àpritr after the snord melteil

(Chapter IX),

Hinter activity by coleopterans was studied by Heyilênann

{1956} and Renken 11956)" tho noted staphyLinitls and can-

tharids tlere espêcially acti.ve. Àt l'ort Hhyte staphylini,Ls

Her'+ very abundant i.n Qctober and Novenber, but temperatutes

less than -4oc appearad to restríct their activity, Can-
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tharids l¡êrê occasionally t.ak*n in the sa¡nÊ nonths. Ðip-

terans of the families lrtycetophiliclae, sciaridae, Tiputidae

and Tríchoceridae were recorrled as uinter-active (ftojtusiak

1951, Chapman 1q54, Renken 1956, Dahl 1969, Hásvar 19711,

and a1l, these families, exceptinq tipulids, Here taken at
low temperatures at Fort Ehyte. Lorù temperaturê activ j-ty hy

hynenopterans has been ¡ecorcled {flolmqui_sÈ 1926, t{Ë!"1anby

1940, Renken 1956), but in southern Hanitoba thi.s order

ceaseil to he active after nirt-November.

Thë correlation between numbers of families and T{s)

cle¡nonst¡ated that tenperature plays a minor role uith
respect to eessation of activity in autunn by most fau¡ilie,s,
except on the ridqe ancl in thê woods in 19?3-1g7tt. Other

variables, such as photoperiocl, i-ntensity of solar radia-
tion, litter clepÈh, relatíve humiilíÈy anct availabilitv of
foocl, urust affeet the families to a greater extçnt than

changes of temperatÐrê. À1so the lack of signif,icant
correlati.on bctceen numbers of famj-lies ancl teurperature

dif ference between T {s} anil T {a) irrdicates that the ternpêra-

ture difference tloes not substantially affect activity,
especially in the cases of uites ancl collembolans.

IV. CON CT.US ION

The numÏ¡er of fami-lies exhibitinq activity Has hiqhest in
autumn, decl-Íneil graduaLly to three or four active families
j-n mid-wi.nter and slowty increased in April tovards the
summer naximum each yÊar. ThÐ nunber of active famil_ies sras

242



not siqnificantly correlatef, with T {s) ån either
period, nor r¡ith tha tenperature differenc€ between

T {a) Ín 19?5. Ilence, other variables must have a

ef fect orì n um bers of f ani- lies to cä.us€ t he

decrëase,

trappinq

T {s) ancl

greater

autunna1
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Figure 16- 1

The nunber of fanilies taken seasonally f¡our all habitats
at Fort Hhyte, flanitoba in 1973-19?4
{A - riclge, B - voods, C - neaclow).
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Figuræ 16-2

The number of fanili*s taken seasorrally from all habitats
at Fort I{hyte, l,lanitoba in 1974-19-15
1e - riclqe, B 'Joocls, C - neatlow).
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F5-gure

ThÈ r€lationship betïeen the
at. Fort. Í{hvte, l4anitoba { A

16- 3

number of f ami-lies anil T {s}
1973-1974, B 19'14-19751 .
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Fiqura 16-4

The relationship between the numbe¡
tamperature difference between t {s}

of familias anil the
anil T lal in 19?5 .
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Chapter XvII

s,u-UHAE_I¡._PÏåer_s.ÞIgI_Àu!-çg-uE-LgÞIg.u

The coniliticns under sno$ allow some invertabrates to

remain active Èhroughorrt the winter, Dansity of àhe snorr

cover aff+cts its insulating propertj,es: snos of 1or

tlensit y provides greater insulation than that of hiqh

density. Subsequently, the subnivean tenperatune lT {s} )

fluctuates more in late winter as snoï clensity increases ilue

to metamorphism' rnereased densiÈT aLso al-lows lonq HavÊ-

length liqht to pen-+trate further into the snoï eover in
late winter. Thickness of snow cover musÈ be a ninimum of

2Ðcm to provicla proteetion aqainst the ambient air tempera-

ture lT {a} ) ; in southern ttanitoba the fluct.uations of T {a)

have a greater eff,ect upon Tls) than snon thÍckness, wíth a

1aq ef,fect of tl¡lo to five days. The amount of insulation
obtained f¡om snoï covêr is indicated by the temperature

profilc within the snon.

The snow conditions in southern $anitoba necessitateil the

use of cylinders j.n the second uinte¡ to prevent soft,
friable snoH from fallinq i n to traps, a problem r{hich

probably is nevet or rarely €ncountered i-n Fenno-scandanavia

where the method of usinq the ring and ti-d with pitfall
traps llas clevelopeil, The cyli-nðers prevented a large
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increase in density above the ùrap sites and therefore

rnai"ntaineil insul-ation i-n th+ snow cover similar to that in
unclisturbed snol¡,

Thc number of actíve families declined fron a hiqh of 30

to 40 in the autumn to three or four in the wínter, rÐse to

six ox sev€n in the sprinc anil ti¡en to Èhe hiqhest, level in

sunmÈr. Thç nunber of fanilies active $as not correlatecl

wittr T{s} or with the temperature clifferenee betu*en T{p)

ancl T {a). Ilence ot,ber f,actors arè mainly responsihle for
the autumnal decreasp in numbers. Ir¡ Europe the snow tlepths

are generallv less anil T {s} hig her, providino les-c s*ver€

coniÌitions than those in l{ani-toba. Àt Fort ldhyte, Tls} in
¡rÍnter averaged abouÈ - 30 t.o -6oC r while in Suetlen it has

been recordeil as 0o to -zo9.
Lunbricids, gastropods anr{ centi-peiles rere not r¡ínter-

active, since their actåvíty r¡as rest,¡icted by low tempera-

tures. The threshold tenperature for activity by lumbricids

nas about 50 to ?oC in autunn and about 20 to 4oC in spring;

by gastropocls, near OoC in autunn; and by centipedes, about

-1.soC in'autumn, The gastroporls üere active when tenpera-

ture rdas tlecreasing to 0ot. SummÊr and ¡rinter collections
contained the same sp cies. Four of the eleven species hait

holarctic d.istributions.

Pseudosccrpions and. phalanqid.s rÂrers rare. Thê former

orde¡ had peak nunbers in Noveurber and December in the

meaclou, ât tenpe¡atures betryeen -1o ancl -4üC, phalanqids on

the soil surface i-n autumn sëre probably nigratinq tÐ
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overç¡j-ntêring guarters and ¡rÊrê nobile iu the temperature

Eang€ of -0.6oC to 4oc. Norre of the four species collectecl

had holarctic distributions.
Spiders contain five families whi.ch have winter-active

specie s: Clubioniila* , Ðr igoniclae, tinyphiidae, Lycosídae

and Thomísiilae, of thc 49 species taken, nineteen H*re

winter-active (38. B%) . Species cliversity ïas hiqh in
autunnr lou in winter ancl qenerally increased in spring to a

sunner maxi"mum. An analysis of the advantaqes and disadvan-

taqes of thc use of pitfal-l traps to catch spiders was qiven

in Chapter TX.

fn the fj-rst wintær t.he decrease of f {s} in micl-Decænber

linited activit,y of all fanÍU-es except eriqonicls anit

lvcositis. Numbers active and T {s) FrerÐ positively corre-
lateil. In the sacond sinter perioils r*ith the late
appearance of snow covÊr, clubionitls HeE€ also winter-
actiye. Neqatíve correlations betw+en nunbers trappeil anil

the temperatur* ilif ferenc betilêen 1 {s) and T {a) oecuxtrÊr1..

As T(s) grailually increasecl latÈ in each winter, activity
resuned very slorrly. å11 species, except cenÈqo$eEl¡g sJlgq-

!i-c-u.E, harl mÐEê than one age class pr*sent in the ovÊrwint-

ering p+riod. llost of the autunn and. cinter fauna !"ara also

collçcted in sunmer also, thus, no exclusively Itninter

speciesrt u€re found. col-d room experiments on iuveniles of
ggrtlgqa sp. and ÀgroÊcg sp. indicatefl that norural activity
was possible for a short period of tine at, -9.5oC and -1ZoC,

Sêven of the 49 species hacl holarctic dj.stributÍons.
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I'tites wçre the most nuilerous wint,er-active qroup, espe-

cíally the faurilies Eupodidae, Rhagicliidae ancl Parasitidae,

Their activity vas not correlated ryith I (s) . there l¡ere no

exclusively winter specíes, but four species uerê winter-

active. Only one of the 26 species had a holarct.ic

di stribution.

Collembolans irere anoÈher abundant rinter-active oriler;
isoto¡ni-ds ancl entomobryíds were taken êven at -9oc. In

sunnex sninthuricls r¡r€re nost numerous. Isolgrna suÞgggealis-

fgn¡-¿ç,9 grcuF repr€sentetl a first recorcl for canada, and

Eglonglgga sp. near gi!ågiçg-g.Uånggg1i4eê!g sroup rÐprê-

sentecl a first record for North America. These speci-es anil

six others ïêre winter-active, Ten of the 27 species hail

holarctic clistributíons.

Carabiils anil staphyl-ini-ds comprised those families of

coleopterans nost acti ve doçn to -zoc j-n October anil

Novçmber. They flerê rarely uroï¡ile below -4oC, â tenperature

at ryhich staphylinids lrerê norurally active in cold room

experiments. I{any other fanilies Here active in summår.

Sev.en of the 87 specios had holarctic ilj-stríbuÈions.

Dipteran activity was sêÊn on tbe soil surface in october

and Novemtrer, with almost no act,ivity in uínter and early
spring, In late spring anil into summetr, activity by flies
resunècl. Hyneuoptêrans, espÊcially ants, wêr€ active in
sumner, but in autumn ancl early rinter their activit,y (i.È.
of para.sitic wasps) Þras closely correlaÈed yith that of
dipterans, many fami-lies of which ars kno¡rn hosts for these
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nasps, anil therefora suqgesting parasi.tisn, Both ord*rs
wÊr'Ð restricted i-n activíty at low ÈempÊraturÊs of -3" 5o ancl

-5.5oC respÊctively. ân exeeption is Sgqglgglilq fgggoggn

which was active at -9.soC in cold roon *xperinents, Eleven

speeì-es Hêrê taken at low tenperatures. One of the 78

species had a holarctic ilistrlbution,
The orilers Hemiptera, Étomoptera , Le pidoptËra, Neuroptera,

orthcptera ancl Thysanopt+ra *xhibiterl activi-ty in autumo

when tenperat.[rês approachefl 0oC, except for a fe,¡ cicadel-
lid nymphs coll+cterÌ in the temperature range of -1.50 to
-tl.5oC. Àphids and a f ew thrips ¡{êr+ active at about the

sam€ low t€npêrature . In a colcl room experiment, the

lygaeirl !remoggllg feg.gs exhlbit,ed nornal activity at -40C.

Six of the 112 speci*s wêre activa at 1or+ teruperatur s.

There 1rËrê no speci*s that had a holarctic distribution.
Most of the çint*¿r-active spacies trer€ predatory, except

the colleurbolans anrl son€ nit+s. Hènce these p¡eilators may

feeil on other arthropods in the subnivean space, whcther

they arê active or hibernating. Collemtrolans may forn the

basis of a food chaín under the sno!{: possibly dipteran

larvaç and pupa€ arÊ parasítized by ffasps active at the samê

tírne, Most species wÊrÊ inactivç below -2oC. Felatively
few specj-es of the totel yearly catch ¡rere flinter-active t61

spercies or 19'Ál . SÐmâ of thesc species luere activ,e at lou

tenperatures in ilanitoba (i,a. -2oc) ; in other locat,ions

wj-th norÊ moderat.,e elimates, these species r*oulil pcobably be

ca1led wint+r-active and t.herefore arÊ classified here as
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ûinter-activ€.

Conpariso,n of ryínter and sunmÊ,r f aunas at Fort ilhyte

showed that almost all species taken in wintcr llërË also

coLlected in lçarner months. The qrsatest number of species

tlas collected in sunmer, ancl sonË species Ìrer€ taken only

then. ID sunner th+ number of j-nd j-vi"iluals p€r species whieh

lrer active on the soil surface r,¡as not as híqh as in the

autumn. It ilay be assuüeil that j-n sumn*r a variety of

niches ar€ avaíl-able in three clínensÍons ¡ùhile in autunn

those niches are being abandoned as invertebrates seek their

overwintering quarters in the litt,er or in the soil,

Species iliversity for nost groups Has hiqh íu autumn, low in

winter anð qradually rose in spring to a summêr maximum. rn

winter the numbor of indåviiluals ¡ras as hiqh as 40 per trap

at tim.es, though species clj-versity uas 1.ow. Tha fen

cold-hardy specíes l¡lârê vÈry nunarousì, especiaLly mites and

collemholans in February anil llareh.

Tryo species of spj-ilers, four of, coleopterans, onË dip-

teran ancl one henípteran t¡êre test.ed. in cold room axperi-

ments. The spiclers wâre most col-d-resíst.ant {tolerant of

-12ocl , followeð bv the ili-pteran anil somÈ carabids {tolerat-
ing -9,5oC), Staphylinids and the hemipt,eran demonstratad

normal activity at -4oC.

Thirty-seven of the identi-fied 320 species col1eete,1, or

71.6*, have holarctic distributÍons. It Þras inítía1Ly

assuned that winter-actj- ve speci.es wor¡1d have holarctic
distributions. Thouqh nany Ðf the rÍnte¡-active g€nef,a arÊ
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holarctic, the assumption tras not true in general.

It. col¡ cl,{ts IoN

the conclitions in the subnivean spacê under sno+r cover

a1lou scme inv*rtebnates to b+ acti.ve throuqhout the hiemal

period. In southern Hånitoba 320 species û€rË trapped over

a 23-ncnth peri-od, 19. of which rere *inter-active or active

at low temperaturesr âDCl 11.6% of which had holarctic
tlistributions. The orclers that exhibited activity freguent,-

ly in winter l{ere Acarina, Collembola, Aranêae anrL Colçop-

tera, and. activity was sÈen 1çss freguently in other orders,

In the first tËapping period, snory conilit.ions $çre close

to normal. In tha secondr pÊ¡manent snor cover arriveil
about six weeks later than usual, and a nr:ch hiqher

propcrtion of invertebrates rl€rs active prior to that time

than in t.he previous year. A change in collection netho¿l,s

from di.qqinq out lid.s of traps to the use of, cylinders Èo

retain snotr undisturbed ahove the trap may trave account+il

for sone of the difference i-n catch which ensued in the

seconð hiemal period.

the nuurber of iailividuals actåve on the soil surface and

the speci*s diversity r,¡êre greaÈest, in autumn, probably

attritrutable to migration from other veqetation lavers to

overwinterinq sites. Both uer€ low in winter anil øradually
inereased in sprinq to a suilm€r naxi-fiülrì, This pattern was

genera L f or nost orders i #xcept,ions $er€ the mites and

collembolans lrhj-ch had population peaks occurrin 9 in
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February anil tlarch, ât 1o1r T{s) . This may be due to

inc¡eased liqht pænetration into the netamorphosed snolrr êDd

the activity on the soil surface woulcl be the resultant
çffect of photoperioil and not of tenperatur*. The actívity
of thesc trc groups was not correlated rith ?{sl as the

activity of many of Èhe other ordërs was.

The winter and sunm€r fauna of southern l,lanitoba did not

vary greatLy; more species HÈrê active in sunner, especi.ally

phytaphagous ones.

À f aw spícl+rs, beætles, a f ly and a buq flere tested in

colcl roon experinents of short duration. The spiders

tolerate¿l -12oC, the fly and carabicls -9,5oC, and all others

rlere normally active at -4oC. In the fielil some of these

families did not exhibit, activity at sr¡ch 1ow tenperatürêsr

only 11,6% of the total number of species coll-ecteil at
Fort Ílhyte have holarctic distributions, and feí of, these

species that rlêre winter-active iu I'enno-Scanilanavia u{sre

r¡inter-active in North America. However, the gen€ra whieh

are Hintêr-active in Europe yeEe usualLy liinter-activc in
southern Hanitoha.
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