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Scope and Method of Study: The question as to whether or not mammals
exhibit population cycles, and if so the cause or causes for the
cycles, has been, and still is a controversial one. Much of the
literature contains theories and conclusions that have beem: dis~
proved sinece the time of publication of the article. In reviewing
the literature the faulty accounts were separated out and only that
evidence and those theories that have been: accepted by the mejority
of investigators were considered.

Findings and Conclusions: Definite accounts of population cycles have
been published for lynx, hare, lemming, various foxes, some voles,
and muskrats, There are two distinguished types of ecycles shown
(1) .cycles of ebout ten years, in the snowshoe hare, muskrat, lynx,
and foxes,, (2) cycles of about four years, in voles, lemmings, and
the carnivores of the arctic,

Postulated ceuses of mammal population cycles backed up by serious
evidence:includet -a depressing factor brought on by stress,
mineral deficiency caused. by eradication of plands by high popu~
lations, exhaustion: of the adreno~pituitary system resulting from
increased stresaes inherent in a high population: plus demands of
the reproductive system, and shock disease dependent upon a high
density of population and related to the immediate environment,
Sunspot activity and memmal cycles have been thought to be corre-
lated,. but all evidence is negative for the theory. Disease, para=-
sites, and predators do not appear to be of primary importance for
causing decline: in prey populations. Population cycles in mammals
seem to be caused by a number of factors, all acting together to
cause-the cyclic fluctuations, '
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The gquontion ng to vhether or not nsrmals exhibBit population
gyeles, and AT so the cause or causes for the cycles, han beon, snd
still 45 & controversial one. Thors has been a zreat deal of liter~
sture published doncerning eyecleo, some of it brelod up by valid
ovidence and somez of 1t nothing more than guess worky To review and
svaluate this published matorial is the purpose of this report,

‘Bafore a report can be written o complete review of the wvast &munt
of literaturs that has beon publiﬁhad on cyelos in mormel ponulations
mist bo mades luch of the literaturs comteins conclusions and theories
that have boom dloproved sinmes the time of miblicstion of ths article
oy arcticles, These foulty accounts knve boen szmataé out and only

that svidonse an? thoase thoories thrt heve staed up urdsr comtiued

fnvastipation and shown to heve merit hmve beon unzed in the roports
Indebisdress iz nelmowledzsd 4o Dree Ja He Zert avnd L, H. Brmesu

for thair valuable puldences
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ITROTUCTION

For centuries it has boen recognized that some species of erdrals
at times occur in such abundance as to become serious pests, and at
other times sre so roedused inm mumbers thet they cen scercely be found
anywheres It is only during the last three decades that any really
intansive study has been nade of the mechonics and csuses of these
fluctuvations. Moot of the worl hasg besn donc in North Americay Pirst
under the inpoius provided by & more widespread interest in hunting
pare, and seeond, followving sn awelening awareness thet the behavior of
anizmel populetions constitutes o larpsly unexplored frontier, one which
may quits possibly lsad to a better understending of some of the
problems invelving human populntions and 4o methods Por zelving them,

Of gil the specles for which there is en sdequale rescerd, the
beaver is the anly one known not to fluctusto, There sre doubtful
cases of fluctuntions that resomble those of cyelic cpociss, ut are

not vet showm to be eyvelic, Definite accounts are nublished only for

1z, hare, lenrdng, various foxes, some vales and miskrets. Thore are
two distinguishad tipes of cyeles in mammal populations as fallowes

(1) eyeles of about teon yesrs, in the snowshos hars, nushkrot, Iz end
Poxan, {2} eynles of nboud four years; in voles apd lomsinges and also

in ecarrdvoren of the arcliic,

There have boen mony couses postulntod for ecycles in =marwnl vopue



lations,. 3Sone of thage heve bsen thorsuchly dieproved and are not
included in this popere 7he ones that are backed up by sericus evie
dence inelude: o depressing faotor brought on by slross, minoral dee
ficiency caused by the eradication of plants by high populations, exe
houstion of the adreno~pltultary gsyatem rosultine from inersased
sirosses inkerent in 2 bizgh populetion plus demanda of the roproductive
systomy éﬁé shosr diseese depondent upan a high density of sepulntion
snd relsted to the Lrowdiate envirowent. Sunspot sctiviiy ond manoal
ayelos have been thourht to be correlsted, but all the prosent evidemse
i nopgtive for the theorys Diseases, parasites; and predators do not
appoar to be of primary importance in rogulating memel cyelas, but
thoy do show fsmamiary importance for cousing decline in prey ‘zmpuﬁ

lations,

The belief of moot investipstors is that eycles in masmed BODU-
lations are not coused by one major factor aoting alone, bt sre brought
about by the scoumlated affect of sovernl fnetors, esch contriluting

to the ovoreall couse of the cyoles.
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SR DY POPULATION QUunLES

There are thres genersl Lyoss of papulation {laelustions to be

notads the Flat, the irruptive, =nd the cpelice The Pist Lupo is

underrong by the zrast maderdty of enimslsy the ninor, your to yoor
variations in munbsrs of individuels way be duo to cwailability of food,

gondition of cover s brooding sonditiongse Such wriationn arn locale

ized and entirely drrepularg the total mumber of individusls of the

spaeios Involved tonds to remnin relabtively constant over on indefinite

moriod of tine,
The frruptive typs of Pluctuntion iz charmcterized by the apuciss

exribits

- tho flat type of veristion for o nenringly indePinits porie

ody ther in the short span of o w:z:zj‘ oy tuny it inersoses nosrly o

plague proporiiona. Almost Inwedistely thersuftor thero logiro & cane

im rorial or

parnble desrense in nunborsy tho populstion droppd
51&5‘%2, holow,

The cyelic type of populeiion behavior, omd the ome thet will be
reviewed in this papor, is cheracterized by o rhytiode chwmee in the
mn}z:ra of individuslsy tha d‘,l‘c waves ixz enzth fron thres or four

yours to ten or eleven yarrse The rise is tizdeally sradus

over spproximstely tuo-thirds or throsefourths of the tine zremired io
corplete the cyeles The mhwaumt glawolT cceurs more rapidly i» and

ueunlly results in o loso »f about seventy=five pavcont of the pesl or



maxinum population (Eltom, 1942) ,

There are two important aspecls of nmarmslian cycles to be considered
next: {1) the Pixed cycle length for sach general sigs of memmel, and
(2) the difference in degres of eycling betwoen the subwarctic and more
temperate and tropical climates. Whet follows applies primarily to
rodents, since predators merely reflect the cycles of their food supply.
For example, the foxes of Ungava closely follow the vele and lemming
cycles upon which they depend for food (Eltonm, 1942).

Yoles, mice, and similsr mammals have en approxi@ately four year
eycle (Hamilton, 1937; Eltonm, 1942; Clarke, 1949). Larger mammals,
suﬁh as heres, rabbits, and muskrats, have about a ten year cycle
(Eiton, 1942; Clarke, 1949; CGreen et al., 1938a), while still larcer
mammals have still a longer eycle (Clarke, 1949). The first fast which
striles one is the apparent relationship between cycle length and bady
size, but this in itself does not ssem to be the enswer, It secems
likely that the shert peried of sexual irmaturity, the shori gestation
periods; end the large litter sives of the sgmller mamsals are'the'prime
factors in the short cycla? Those factors lead to o lower reproductive
potential in the medium~sizsd mammals, for example, snowshoe hares
require at least a yeser to reach sexual maturity and have a gestation
period of 33 days (Aldous, 1937) as apposed to 25 days and 21 days
respeetively, for the neadow vele lierotus (Ranilton, 1941} The largsr
animals, such as caribou, probably have an even longer cycle correleted
with gestation period of 7=8 nmonths, and reach sexual maturity at 1.5
years (#sdell, 1946}, In other words, it secms highly probable thsi the
evele length is a functian-af ths reproductive potential of the glven

animal, Those with the highest reproduetive capacity btuild most repidly



to o populntion penk in excosa of the eprrying camcvm ol tho spvivdnm
morbs It i3 notable that the moot prolifie amimals of thalr rags 3ctiv®
aize groups {s«0» condow volos and snowshos hares) ars the most ‘nrcri«
aontly eyelic. Starting vith & population low, there is 2 period of
telau:wclv heavy prodator pressure on & minimsl vemulation {Nlton, 15428).
&% this Limo the excess of the births over the decth rats will be very
smli, but must exist for a populntion inerease 4o oceur, and it is the
axcoss which is of primary Intersat. Teldng only this sxcess, it ia

‘ imﬁg:@mﬁabm thet this gogment of the population will incrense

axponentialiy .’m roletion te its roproductive potenticl. In the b
prolific needow vole uith a short period of immmturity swd short resw
tation poriody an average 1i%tor sies of 9.5 {A8dell, ¢ «?&’333 npnd Gt
able of hroving up to 17 1itters samuelly (Bailoy, 1024), 1% enn bo coon
that rapid incromses to onormong levels are possille, and do ooour, An

additional foetor, nointed out by Hamilion {1'33?}, is the progron si‘miv

it 8 rosulti

inereasing cmmm af immediste postemarturisnt m‘b}. S8

ﬁmi

ineressed mmbor of lliters por yesy aon the population ris 8
cantracts between sexes increase, A fuwrther woll-lmown Dnet tending o
geoelorate the rete of reproduction is the incranse in svernre 1idte

gige for about the first halfedozen Iitterss In on incroasing popue

Istion the avernzs age is ol zzilm-l;gr Ancrossing, which meons that nove

asxlsumesized 1ittars are born, 48 well ne nors fomslos recching repro-
duotive neturitys 4ince the potentisl reproductive cepnciily of oy
apocion, ne well as the decth

Iongth will be reloted diroetly

sxeeny

\.@

ovor the deatbereic Yo ponlt to n polrd boyord

of the enwirornmant, and hente highly



It con be asen thet in this fashion the lower the reproductive cnpaeity
of the species, the longer will be its cyele. Enviromseni in this die-
gupsion i3 used in the broadest semse, including prodetors, inteye
speeific relations, and all other factors. Duceptionally sevore or
favorable environnental faoters could possibly shoriten or lengthon the
eyele a yoar or so, dopending upsn vhother aperative eorly or lete in
the eveloe If extrensly unfavorable conditions wors brousht to bear on
a populatfon el its obb, it is conceiveble that penl sitaiment eould
ba doloyed 8 yoare Converssly, i this sceurrcd vhon the populntion
wae bighy but not at its peak, a relative ponk would bo caused with a
resuliant dle-oll,

The opacies bolioved to ozperiones cyclic populaotion chonpes ooom
to bo almost entirely confinod to tho Horthorn Herdsphere, althouch
madonn {1302) montions eyclos in the Southsrn Hemisphers rodents.

By and larps, the number of species exhibiting eyelie bohovior

B2

incroases o one proceods morthunrd in the Yorthern Hemisphore, This

a

3,

is true throushout the temporste regions, nnd in the aretie, vhero thers
are martedly fever specissy the Tluctuctions resmeh thelr grestost
extonty both in spresd and viclence. Animals with plenty of spoce and
& high blotic potentinl bave eyclese The seme apacics, whore eramped
and roctricted, ond abt the lisdt of their rense scense to be cyelis

{Z1ton, 1942},



CHAPTER 11X
BYTDENCE OF POPULATION CYCLES I HATMALS

Yhe literature giving ovidemee of nopulation cyeles in mamwals is
well summarized by ¥ac Lulich {1937), Blten (1942), Dymond (1947),
Sitvonen (1943}, and Clorle (1089Y. Thase sutbors temd to divide the
endmals which porticipate 4n oyeles into two classess prev enlmnla
such ag nics, rabbits, snd lemsingsy and predators such 2z lynx end fox.
The main aasumption in the litorsture iz that the prey cyole 4s tha
busic one and that the predator ovele mersly fellows the proy ong.

The cycles of the pormmelisn sredators ars well docummied threurh
the fur sales of tho Hudson Bay Company, smalyzed by Blten {(1942) and
Llton snd Nicholoon (1942 ayb)e There is & be~year cyele in the tundra,
found in the sretic Cox which proys on lemmings, a Leysor eycle in the
subaretic opan Yorest to the south, Jound in the red fox and ths marting
which there prey arimarily on volen, and & =yesr svole in the northern
forast region, Tound in the lynx and othor semmsls which proy primarily
on tho smowghos hore and is less slear in the rod fox and othor speclos,
shieh furn rather fresly to other prey vhon herass ere scayes {Laek, 1954).

Starion and red fox have a bwvear ovele in northorn labrador and
Hudson Stralt, where thoy pray ehiefly om volss, and a H0evear cycle

n the forost bolt fariher south, vhare they prey mainly on the snowshes

ol

hare (Blton, 1942). Also on the Vencouver Islend, the marten eats

abieofly nice and sauvirrels and has fluctusnted indopendently of the



woll=mariked 10-yenr sycle on the adiacont seinland of Pritish Colusbie
{Oouon, 1990Ye Apnine the sretic fox hus a d=yoar eyele in those parts
of Greoenlend where lesmings ars presant, i Fluetustes frresularly

whers lemmings are absond end it wsts mainly pteymizsn ond arctie hare

{or

aontrun, 1941} .
Traring the rodent declines the cornivores nre ofton found weslr or

starving and Poosd shortage ig eiaarlv the rain couse of thoir doath,

Discasne hog beon reportcd obf times, nartiaui“rlv aeaong, faxns (= t@ﬁ,

The aﬁxﬁ@:&- sa of red fox in Ontorio show n ropulsr cyole when sume

ovor o wide aros, bu:% fluetunte erreticelly ol individunl collecting
nosts {Cross, 1900). Henee there are locsl varisiions, Thare ave alse
regionnl differonces, sines in the lynx the poel of the cyele may differ

by from 2 to 4 years in difforomt parts of Canaday but the dsgree of

divergence doss not inercsse ths *:._'im;e,. ary ront orens tond to pot

2iton and Eiﬁa olson, 1942a). Such local and veglonal

boek into siep |
yoristions soenm to be chovecteristic of oyolic endrnds in generals The
tondenay for tho pradator cycles in gifvarent rogions to gl baek :‘mté
shep with each sther mey bs dus tfa a similar tondency in thelr rode |
wreyy Db it 12 almost cortainly essisted by amipgrotion (loek, 1 %’1} .
Thus the lvnx sometimes enigretas insgrest numbers, as in 1916=17

following the snowshoe hore peak of 1914-15 (Hewitt, 1921). ! Hovamants
ales ocenr in tho red fox Butler, 1951} and in the arctic fox, which
mhy ovsn sross from Jamadn to »rﬁmiané oSy t’m fce (Brasstyup, 1941).

Thes evidence piven sbove should be smouch to chow thet eyeles of

the predotors depond baplenlly on those of the rodentoe The undeps

lying caugen of the rodent ¢ycles are sucsh more obsoures The aadn
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vy of thess cyelos have boon summrised by Zlton (1952}, and Chitty

=y

{19908) & First, the suecessive peolks come ab extrouely regular inbere
voloe Becondly, the peolss mmy be up Yo Deyoars out of slep, ond in the

anuwchor hrre up to © years out of siap, which are the grestest possible

dizerepencise in o Sevesr and o 10wyeor eyvele recpactivelye Thewve was w

paslk for tho snowshoo hare somovhers in Oanndn evory yoor batween 1950

e,

and 1958 (Ohitiy, 1950h). Thirdly, the size of ihe svcesssive pesk

o

s &2 woll shown for the Iynz (Eiton and Micholson,

> penkes ars waually rmeh lorser in the north than
the south of the reange, o voind which holdz for 2ll the ovelic onimals

in vhichk it boe baen swnoined (Cowmn, 19379 Dymond, TOAT).
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POSTULATED CAUSES OF POPULATION OYOLES IN ¢

Thars geons to be two naln Lypas of ewplanations that have bean pub

Torvard to ewplain the mormal cyeles, one cnvolving an exbrinsic conee,

Lin, and ths other an intrinsic esuse, usunlly 2 predabore
prey intoraction. Advocates of the Pirst type of seuse have usually
1a2d main emphusic on the inorceso in the roproductive rete lesding to
populotion pealm, and advocsien ¢f the second type on the heavy nor-
tality in the poriodic crashose ds rightly pointed out by Tymond (1947)s
it i85 the poricdic declines, not the inercssesy which reouire expla-

nationy since mermnls can ineromse extronely rapidly wheon unchscled.s

ny postulsted eouces of populastion grelos in mecmals heve beon

i

of those hwve bogn thovoughly disnroved end ethors

mk forvnrd,
are not supported by snourk serious evidenss to worrernt discussion at
the nregsent tinse The sunepot theory, which had boen hold by nose

investigators to be the couss of cyeles in mamwls, has b setis -

o sormerizod briefly

gag for pomals

be tolen up separstely, bub some of the
explady the princinles of soch moy tend to by intercrades in éxplaining

s

“he reogon for thin 48 2had there 1o mo ovidercs vhich

all af thorn,
sointy Lo one and only ons isalsted esuse of the eyeles, b instond all

of the eouses postulated tend to sporate together to o

10
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Brelose
Bunapots ond Oyeles in Dammals

Sunspot cyclos have bean recormized for & long time, and atiempts
hove beon mude, ot one tims or anothsr, Lo corrslote with them almost
every phase of elimetie variation, huren netivity and vlant and lower
animel behaviors At fivst thought, of course, it soems somowhed
obsured that Popots® on the sun, about 97 wdllion miles distont fron the
oarth, could have any appreciable effeet upon, for instanes, tho snou~
shos hare in Hordh Anericse Hovever, the sunspots undsrzo n eyele
increass and dderenss with o pericdieity of cloven yoars, Parhaps this
ginilority botwoon animsl cycles end sanspot eveles is mercly & colneis
donse, ond porhops nots It will be noted thet spocies afTboted by
eyelic fluctuations moy be divided into two rrounst thoge fhot obiain
their food directly from plants and thoss thot focd on these nlant-
eators, Towy 1T thore 1o v drastic reduction in the mesbors of 2 plent
sating {(berbivorous) spocies, it is inevitable that thore zlao b s
senporable reduction in the mwsbers of mentwenters (earnivorous) foeding
upon them, Ths latter will storve simply bocsuse there is mot onouyh
proy to go arvounds It svems logical, then %o loohk to the horbivares ...
the rodonts, the harse and grouse ... Tor an expiamation of the causes
of evsles Spaseuch sa they sonstituls the first step in the "food ehain’e

Doring the mexirum of the sunspol oyeley l.sy when the surfoece of
the sun boare the grestect mmber of "spots®, the proportion of ultros
wislet roye in the sunlisht reeching the enrth is highey thon st other
tires. It iz lmowm that o hich proportion of ultra=vislet licht hms &

»

grtording offect on plent provthe It hos elso boon apeortained that
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during the yesrs of cunspod maxirs, more inelemont warthor occurs than
ut othor tinous ith less food aveiladle, even by & 11itle {due %o
retarded plant zrowih) and with less favorable westhor conditions pre-

exg thet herblvsres,

vailing ot these times, 1t spocurs roasonoble to w2

eapecially those fseding on tendsr gresn poriions of the planto, would

suifor, both through direct starvolion andy, lsae obviosusly, throusd
zonsral wonlmning of the populution becsusy of pelmitriiions Poorlypefed
individusle succusb mors readily to the effects of pornsites and digense
than do vell-iod onesy hence & populntiony having by 2 lowercd food
supply i m inereasing valnerability % disoasey is inevitably reduced.
This reduction is, thon, one of the {actors which met Yo prevent unrow
strainsd incroass in ﬁp&-{:iﬂﬂ uhich 'é'.‘ahevﬁriss izt concelvebly incresse
- Endefinitelye

This theory is subjech to meny eritisioms, In the Firet place, it
i epperent fron the vecords, thot the cyele does not set simdteveocusly
turgughout w spociod, oven in & relatively amnll arca, Oross {1900) 4
working in Omtarie, ond smolysing the ludson's Day Company reports of
1713 thwourh 1953 in that provineo, has shown that the rod foxy elthough
axparisncing loenl chenges in numbors msultinfﬁ from chanving loend
conditionss On the besis of hio rosults, Oross stotes That ",.e fluctus
alisng in the marber of the fox in ﬁsﬂmri& are definitoly nol correlated
with sunspols «.o" The sunspot theory was iven ancihier sot back by the
worls of Hac Lulieh {1937} who, afbtoer studing the records for the suows
shioe have and Comnds lyns, concluded that tho Tluctuations of neitbor

ape correlated with sunspotoe



The Influonce of Food on Herpal Cyeles

Braostrup (1940) suzgoated thet n decline in the quelity of food as
a result of & regular olimetic change may ganse hare syclos, but subses
gquent study bas not borme out the climotic cyelese ho slso expressed the
belief that nutritionnl problems may resulit froo {:své;f utilizetion of the
food epseies long before eny gonsral over atﬂizﬁ;tim of the food aupply
in apparent, CGrange {1049) propased that cycles wers the result of the
interreaction betweon horbivorous mermals and thoir food supnrlye Such
& siople cycle aosumss thet the animals® populations build up until they
sonsurie all of the food, then dia of T and rohuild again after the food
supply has recoversd. Studics of lemsing populations at Point Barrow,
reported by Thompson (1957), sugpest o oyele almost that simpls, He
raports that almost all vopetetion wos consuned at tha penk of the three
to foureyvorr eycle. Althourh Thozpson soncludad that the cvele was due
te & cowbinetion of predation ond food and cover depletion, it is ouits
aprarant thot some eycle would hove reosulted even if the lemnings talken
by prodetore wers alrzedy donmod to starve. 4An indication tha% rabbits
ney also regpond to much o simple stervation cyele is found in ropords
that they sometimes severely damage thoir winter food plonts during penlk
yeors {Ballsy, 1946), However, such exomples of dircct ebarvation
limiting berbivore populations are rolatively uncormon in neturs, nalwus
trition, not storvation, usunlly sets the population limits, in the
opinion of the authore. ost animls resort to so~called Yetuffing foods®
{Loopold, 1953} rather then sucound to direct staryntions Aetuelly, the
rabbity montioned above which wers damnizing their ronges, probably wore

consuxing foods that wers bslow their mintsun motritionsl roguirements,
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Host living things have a reproductive capscity thet kseps thelr
population at environsentnl copacityy ond the meoot Important sinsle cous
ponont of the environment iz foods This iz borne out by Lauk (1994),
who concludos thet many bird opecies ars ¥linited in rumbsre by their
food swpnly.” Leopold (1957} gives further support to this conmelusion

when he states that feod 1s the "alleimportant® reguletor of deer

Horbivores consume first thelir sustaining food plantsy when theos
BYo f*unev, thoy turn Yo marsibnl facd plants, and 1f they in tzzm‘aw all
used, they must resort to submerginesl speeles thet ere bolow their nine
foary roquirenments. During the winter vhen t-,ha‘ food suprly io st iis
lowsst lovel most northern herbiverous populntions ars mest liksly to be
forvad 4o wiilize foods that are nutritiomnlly closs to the minivum
nooegenry to waintaln health or sustain life, The pressure of repros
duction tonds to %eep the populstion ot this malmetritisn thresholds
The andmals thet are foreed balow this threchold do mot Lwredistoly die,
but penorally wesltoned, are loss able to protset themsclvess They are
mors suseoptible to the atizels of poresites and discase, and they show
a lowor rate of roproductive survivel (Allom, 1954}, These ars al}
syeptoma that are commonly found in & eyelie population inm ils daclining
vhases Por srxsmple, Trasn's work (19%9) on "sheclk disease® of rabhits
sugrosty & nubtritional deficiency sg tha prixary cousee Moo lulich
{1927} showed that several disonses may be inwolved in the decline of
same eyelic species, Low reproduction, or low survivel of wvoung, has
besn found in moot studies of the decline of eyclic animnle (Biivonen,
19523 Lok, 1954), These correlotions ars circumstantisl evidence that

evelic desline is nubritiounl, probably ssveciated with oither m decline
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in the gquentity or quality of the food supply.

fan {1959 suzcests that syelic lossss of northeyn herbivoras
are biolosieslly noecosanry to protect the slawerrowing morithern veges
tation from overeutilizotione 11 meoms thet the oyeles must have sonmsg
survival value, o7 the snimels would have dzvelopad edaptations to over~
gone thome Anparently the aﬁi_mis and their fasd plants svslved to=
pother and those that overeutilized and destroyed their food suprly slse
dostrayed thomaclvan {Allas, et als, 1940}, Por exmmple; 4P a snuirrel
yars evolved t‘@t eold € 1** ve on any or all fwiss and buds of cordfses
onn trﬁ@g, there would bz little to halt its inerscse unti 1 all comifers
uore illsd, boseuse thoro 1o no .,,,,r i whlch A Yras sould sscane from
a %’*ard@ af h‘mf"rv sqirrala, Fowever, if thers were eaveral speciss of
gord foraus food plants prosent, each of a diffaront mbritionsd value,
the souirrels would uﬁdmbﬁeﬂ“ amr-snt«}im and poscibly 2311 4he nnes
o high food value, bubt tracs of marzinel guality eould »rebably sur=
vivay They would be protectsd if only o part of the Tolasze ai"v an indie
vidual tree wors nut?ﬁ;tinmny aﬂpqm‘w to serve as sguivrel Taedy or IT
only & fov individusl mwbers e plant opseies ware vigorous smd rich
anouch to sustain souirrols. “;’%" sue ars all p@asible rothods by which

pargineal plants moy ratroat bﬁlm@ tha motrit iﬂna'i in'zi»"“’vv

mq_,uimd by
andals, I would soem that a1l plants mat develop some method of
gaeane froz total ntilizetiom by horbivorsus emimals wilh the reeult

thet many have evolvsd near to this malmitritionsl throhelds Those

£ donond upon these plonts of lovered mubritionel walus

must find o new sourds of food or dogling in mmbzrs or poazibly disap-

paar from Yaturs's pletures

i



16

Exhaustion of the Adrenc~Pituitary Syotem as a Causne of Yasmal Cyeles

Althourh it may seen reversed, thism discussion will start at the
end of the eycle, because the die-off is its most startling phenomena
as well as one of the mejor problems %o be explained, This crash has
baen oufficiontly describad by Elton (1942} to make unnecessary any
further deseription of its genersl aspects here, Sufiice it tg say
that the erash vccurs following & pemk in the population, and tormi-
mtes a eyele of increscing abtundances More detailed accounts of
several investigations on crashes are given below to lend evidence for
goncluzions drawn later,

In 1909 Pirer deseribed an cutbronk and subseguent diseoff of

meadow volos (Uierotus montanus) in Newade. The penk was raached in

the winter of 1507-03, and followed by the erash {rom Jununry to March
of 19083« All atiempis to relate the die~off to & cousitive orgenism
failede

Elton, Pord, Beker, and Sardner (1931) intensively invectipgated e

predicted erash in Apoderus sylvatieus in late vinter and early spring,

and wore wholly unable to demonstrate any causilive orpanicme o recoss
nizable pathological lesions were demonstrateds These authors did not
definitely rule out the possibility of a virus infoction, but they
believad it extromely unlikely on the basisz of nogptive lesions
findinges Their conclusions were thet "some obscure biochewical or
phrvoiolerical condition of the mouse population causcd the animsls to
die in ceptivity, after being brourht in from tho wild, with the most
wmasual resularity ond rapiditys? Animels brought ints the laborstory

died within ¢ day or so under Identical condiitions to thoss previously
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kept for three wooks or moree They ctoted thet comething was at work
in the mouse population that was able, sither without shock or strsas
of the mice boing trapped and drought irto cantiviiy, or wilh the aid
of thess Pachors, to destroy the mice extremely gquislhly, and bafore any
imporiant leslons had developeds. They assume that thoe mice were
wealsned by soms factor the investigntlon did notl rovaals

Pindley and Yiddloton {19%) definitely rulsd out bacteris end

v?;ms!:c::x as ceuzilive agonts during a die-off of Hlicrotus ngrestise

Frogeding denth in thess snimnls thore wns a lotharzie poriod followed
by o pariod of comvulsive activiiye. Ths authors stated that the nies
ezhibited hoad retyaction, eirculer movemonts, hunching of the back and
frogquently paralynis of the hind limbs assoeiated with periedic con=
vilsive povonentas They found thet pomeiime sudien destl scourred
during the convulsions, but that nore comsonly the voles pnssed into

camntagse eondition, followed altsr & shorl pariod by denth, Oysts of

Tozonlosms were found in the breins of 10 out of 34 voles in sufe

ficiontly good sondition for corsful expminations Thic organims is

quite videspread normally, end scourred here in over half of the

nls thet dinde I% hordly seoms prokable im view of the authers®
Piodinge that Toxoplasno con seriously be conciderad ac the prime ecounos
of docimation in the volsse The salient fect iz thet here agpin are
aninele dving without domonstretinbls causss

n the

ote

lanilbon (1937} studied Nicrotus ponnsylvanieus population

region of Ithico, Uew York, from 1924 to 1938, with intensive work from

the soving of 1953 40 tha fall of 1935, Over 24,000 eulusls ware

et

exsrined during this timoe. A populatiosn Bigh was rocorded in the wintor

of 1055 « 56, and was folloved by a perisd of morlod mortality from
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Moreh o Juns 1936, Hanilion as:umed thet disease wae the parssount

mctmr foducing the spring population, snd points oub thet epideni~
ol *imllv idonl conditiona existed for the soread of disense during
e population paeks Anirmls of all sges were aflfocted, The syaptons

fohnassy taffled fur, and letlmrove

faﬁ"iw L *1 ] u,q!,’.,ng

ar Inciplopt dreveiness, o charnetoristic sppamodic twiitching of the
paels and shoulders securred with ¢he sndrals faliing on their sides
The erdrenls Pinally diod in comvulsions sfter proliminery extensions of

the hind lezne Thess syuphtons ars romarkably like those doseribed by

Pindlay and 11dd)cton absvse  Loborsbory exssinations of niee dying in

gonvrulsiong ! no petholoricnl lesionsy anor could enusitive organ-

fome bo & Lemin & Piliorable virus eould ot bo definitaly
rulad aut, Demin exceinsilons ubre cospletely nogative. Sxtorned

iy shundont, but Slton {(19%%) has showm bhat this

L oof the Irversaged age of the and thich have wmwraé

m the proceding fall. Ones soain the desths are unexploinads

gjq
5
[+
1
=
Ly
)
‘3
;:
o
Fiod

{19330, 1973, 1935}, during un intensive

%

whudy af wriodis dis-off in pnowhos hures in Yianosotn, were sble

 yvory sazll rnombor of denths could bo siiributed

to dopanstate

Lo infoetions disoroee The majority of sndmels edibited o characteye

istic nvndrone vhich the authors have teroed "shock dissase™s This

W ax

rily by Jebily degencrotion mmd atrophy

strildine deoresse in liver plucozen and

stochinl or seshyoetle braln hecorslnges
o o7 the adrasale, thyroids and Widnoys were
mbey af apdonlss The hores charsciore

fotienlly 4328 inm convulsive selouvres with sudlen onool, runiing noves
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aante, hind-lor erbonzions, rotruction of the heod ond neelny snd ouddom
. &, a3 e

loops with elonde solizwres wpon alirhtinze Othor amirals wore typleally

Iethargie and comntosse Sone showed n conbinntion of thaepe two olovose
as sizilarity of these syptoms, and those of the mics shovs, to those

of hypoplyeonic convuleionn is notable. UYest and Taylor {197%5) rive

the Colloving decorintion and sysplomn of hypegiyeomia produssd by eny
e of FAf W A L ki - + 04

Basnss

"Tho slung in tho rebbit are "%wparmmitaiﬁl* Ly and dosiro for foode
The exeitabllity bacomes zranters snd oild and ﬂ*aﬂ seversy conmlsions
are oxhibited, Tho head ia retenctod and hind linbs extonded in the
intorvals batusen convulsive soizmmre, Comn is fzfeq-uem,. The anfmnls
zay evhibit ripor ooriis im‘eéiaﬁaly after doathe The oimms in dopo
are quite ﬁi’il&:’. Bioo, fm some instances, mey boooms corotons withe
ot exhibiting convulsions®

treon et els (1930) erphneiced the Inability of the andenls o
withotand any undue sxertion or stress vhich would lesve norsnl andends
welfectods. These findings wors domonsirated oqunlly in all hares
older then soven weels, and This o importent, sinec it shows that
fuetors which induee shocl disonze axert sufficlsnt inflvencs to
produes donths in both youbg end old endmels in nobures The popue

iation stwiied reachsd $ts mealr In 19%%, and the decline wons conbinue
? 3

ous Lo 1957, with the grestost diseoff being in the fll and winter
of 19%%. 8iniler ohosrvations ronshed wvere thed sheelr diconce o
prizarily rooponaible for decimation of snowshos hores, that logel
onditions ware ottribulable, and that soverc upsets in carbohydrete
ootabolion were the prinery effect on the haress
Throushout these verions invostisetions thers is o revnrbeble

s

eoncisboney in the £ ¥ith possible

P a4

porde srsonizng could be doconstratods The onsel of syoptors, tormis



ghoug o airilar pabbarn in overy omeey ond 2ll

4o bo hyposlyeonde in mture, 411 suthero pointod to the

suserptibility 4o stresse It seons, thon, that vhed is boling

0

: wore s o phonousnon covon to all of the anivels, snd thad

vy aad

Greon ood Lavaen ! ‘195305 have edequately deseribed its polhole

hrsiolonve Univeraally thecs diewoffs follow & vopuloilen nenly, secour
prizorily 4n the lato winter and sorly spring, nnd involve sovere mifbe

bolis disturbanees coincidont with marledly dooronssd rocishbonge to

an cause for th@sa chnne

» xfzmm {1946, 195% pmvi don on answer to the
problem,  Im othey uowis the symptons of adrenal sihoustion on & popus
 are baing dealt with lLiovss. Solye (1088 hos oupe
n¥s ghocl diseaze in snowshoo horos resembles a dissans

sdoptation syndvorne s the sum of ko nomopecilic

3

shress athor 4hon the

rieal and mor

renctions, cuch recctions Y& spoeilic

antigenss Sazlys hme divided thooe into (1) shoels (B) sowrtoreshecl
{those two condblued are the "alorm roaction™, (3} rosistonce, and

{3} axbevstion pheso (Selyey 1247), lile Yhoso of ths slars rosction,

i e o
BYS oy

porin

&

erila, invelution of lympholid tissue, alremml cavtiesl

o

i

werlrophyy dooreased liver plycopom, diminished fot contont of the

adinoge tiosue, 1inid deposifion in the livery revorsel of the albumen/
glolulin ratiog decrcose in blood chloridso, Tise in blosd potassium,

ol o

rized doeroene of the assorbic ecid, lotostoried, mnd plasmal

ZrAn the ndronnl eortoge Ureguently during the stege of




erhunstion, the adremal coriex ie Poumnd 4o be hevarrhasics Ofton the
liver only shows pigns of clowdy swelling and decrsase in size; bub ooy
havevar, show mors intensive atrophy end degenoretion chencens Thess
liver chongas woy be surumsnted by muscular exereise (Selye, 1959b)e

In Ilcting the chonges during the exbuustion, er nlarm resotiong

phage of the adoptation syndrove the Tindingn in andrals during the
poriedie die-off have praocticnlly boon repactode Srcon exd Larsen
{19%8a) cloarly ghousd thet the convulsisns in hares did not ocour
Cambil the liver glycosen dropped bolow 0.2 porconty demevmlrating that
they ware eouzed by a wrogressive fell in tho glucose Tosorvods ol
perizenbelly thoy were able to step or slleviote the comvalsions
temporarily by introvensus glucese injections, dolinitely m”i‘immg,
thet the convuleions wers hypoglyeenie In netures Spinophrine ine
joctions vers inefPectives It sooms wore than 1ilely thet in mooh diew
ol in mevenls o penifestaiion of the adaplation syndyome vwith the
torsined commlolons pracipiioted in sany coses by some suddon eliessy
fuch gz fpary cnptlivity or exertion is being deolt withe
Tho adrennl response to stress is stivoleted by thoe sseretion of

adronocorticstrophbie homono from the enterior pitulterye The mochas
nims by vkich the pituilary is stimuleind is as yeb wimoim, b sy be
brausit about by the rolesee of advonalin ((Hohnel 1940} A8 & resull

o g A " B B
of depends on the

%

vitultary of greatsr life-sustoining irporiancs in

-

v

raaponse to stross, there 4s o chift %o this funotion from sonad [Selyoy
19700} snd srowth (Sclye, 19%35) stimuleling functions, so the grouth
alous or coones ond the nonads way become atrovkic or ot leant die

wiulshed in functiomnl aetivity, The importencs of this factor will
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be discussed bolows Also of aignificance is that, vhen the adeptation
syndrone is olicited Yo ons strese, the mnizsl bocouso rore suscapti=
ble to othor stresses (Selye, YT} e Fasting {Selyey, 1948) end swecular

canrtion (Belvo, 19500} marlodly inercase the cuscoptibility of mamwnls

to nlarsing stimuli, ond moy eugpent the changes whigh have alroady
talem places Thia is espeefally true of the hyposlyveenie phasey, end it
is prolebly these fectors which detorming the finel ouleone in the form
aof hypoglyeenic convulsionse

The adeptation syndrons may be olicited by n vide variety of

alorsing nfiolis onvironsental changes, prograney (Bayers and Sayeors;

1949y, touic chonionls, bmelorial infestions (Zolye, 1954Y, Tonry rtopges
emetiovnl upsots (Bolye, 1541), cold, vusculor oxertion, end o 2rost
oy other (Selye, 1948) .

Assumling the dlo=of! is dus Lo n menifestation of the adeptation
syndrome, an investization of the stresses vhich are ob wark ‘La Prow
duee this effuet on o populationswide basis in mormnls sust bo mades

In oll the studiss so for rescordedy tho dle-off hog boon in the
winter or enrly soring folloving s populntion poals the precsiing

autveme  Henoe thors iz an extrenely hiszh pepulation coring into s

pariod of rolative food seareilyy cold and othor sevors elinntic

stresses with thelr atiendent sequelsgs Along with the etleinent of

highey popuioilon lovels, onimels ars progrocsively erouds® into less

sl loss favorable envirorments from an erigineliy grohls

%)

nuclous (Sltom, 1942)s Thiz wmeens less favorable feads, leas good
cover, and often wnfaverable waler supnly, end othor factors of sube

morginal livinge In sll probebility every populstion peslk fnm the wild
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oxeasds the normel corrying eanselby of the environmmnt Tor that and
other spanies, in partionlor during the suceseding wintore Under thass
sanditlonn the Tolloving shresses would bo sxpoeteds (1) Tood seoroity,
{2) lnek of propor cover, {3} imcroased musenlar szertion resuliing frem

loveor food forson fripm, (4) fishis with othor individusls (usii Ny

1ehoY, (BY ineressod exposure to cold from Yonrer forare trips and

inadequats covery (6) fichtine resultins from torritorial oncroachment
(Burt, 1290Y, {7) wilizotion of insdoquate Poods, (8) incrossed ome
posars bo prodefors dus to lack of cover as well as mizrotion of predoe-
tora Into arsas of shundant fesd supply in the form of & moalt population,
and {9} outritioml doficionsen. In mprory nearly all emstionnl nu-
&ﬂﬁé‘.w@i, exertionnly and elimtic olrosses are sugmented and opersble
upon the outirve populations It is of Interect to note that this worald
inpons sixiler stresso on animale of oll onese asresing well with

freon ond larsents Pindings in hares (19902 and 1970b) In which o1l

s aver sovom wesln of age were involveds

The populotion st hend is wmder highly strecsed comditions ard wne
doubtedly taxing 1ts adrono=pitultery ayston fo the mxdireme AL ks
tineless in ecorly wintar, the day lenrth Beging to incronzs and stinus
date the piluitery in oot emdrels 4o seercto gonedbtrophic hormones

. - .y
whith yany LA

wd devclommnt nrior o the brooding sonsone That

L aben ‘LM eonnds vin the pitultory hes boon shown fov
the snowshos hors (Lymen, 1951}, mondow vele (Balor and Bancowm, 19520,
' 19

W4 bos mo affect upon the poved dovolopnonty, Wt g

whtboePooted mouss (Vhitalner, 1040Y, and minl: (Sancson, |

porisd of lov terworaturss mey susgnont the reproductive asotivity

In any ovent in a1} mrwals y o gpring brooding
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gonson thore ic a fuetor plneing ingrosscod demonds on the pituitery ab

N = g

a e whon 1t 4o alresdy moxdrelly atismlatad %o produce ndronos
gortictrophic hormono in rosponse to strescy Thet thoe gomadotrophic
funstion iz otimulated in spite of adromal dovonds io evidont from the
Faet that the breeding season with production of youns doss ensues The
srrunant misht be afforddd that Iin somw morenles the molas are primerily
affostad by lighty but this may be ansvered by prepnomey demonde in the

fonnle {Sayers and Sayerse 1959} and provth domeands In tho

cennot simultancously reapond maxdmally to incroosed dememnds of all
types, but that ome type must sucounb to anethors Ify then, the pituis
tary in uwndor moximunm domond as a rosult of tho alresdy=-listed olresses
and & direet stimwlusy in tho form of 1izbd or low fomporeture, ceuses

sbizuletion of gonndotrophie mctivity, it ctonds to reason thet this

lattor st oeour ol the oxponss of the adrenotrombie solivitys Homse
at o tize vhon otresses are maximnly thore ils o sudden incrcased piluis
tary load, ond ardmols bogin to succunb with symptons of oshaustion of

suinge ALl of the snluels succumbing at more or les: the same time e

. Donstion of the nizh populstion with its inherent ctrososse

Tha tine 1t talog an aninal to suceusd dononds upen the sovority
and durstion of the apriicd stresse Thun, In & population wiich
reockes & poal In o brisf fine, the sccormpaning strosees would be more

aeutoly dovelopod and thelr aprlication more intences rosuliisg In a

wors cwldon and pronounced population death, Uhen a population develops
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nove =Yovlys the stresses incresso st o qlmﬂar mte, ond sre applicd
more pradeslly whish tend to stiomuste the Pimsl eollepse (Sayors snd
dayern, 1949) .

Sorty of the fosgeing thoorics for the cause of momel population
eyeclos boo boon tentod undsr complotely natursl conditions. The

thoories havo boen postulatod from Yimited field obsorvetions, which

2oitd mot B aondrsll Mf te  Hare study ond Inveztisstion nnede to be done

in 1vlio eren of populsation fluctustion, The investisstor mwt feln

it of wdure dnla eonsidoratione Uis oboervatisn mmol eaver

3 g

2t fMesnd

s onourch Jand aren Yo oive sis
ra‘ml’uﬁ@ Theso two foelors Inpoze prablens thel vill require the

gombined effarts of nouy Invectizetors to av:rca::ag The

Alasim 4o carrving on o study of the enoushes hore=lim oyele vhich will

b dong ow

r o loneihy poviod of tire anmd covor pmyt of Alnste and the

Tuleoriy I8 12 hopod thed inforcation golien Irem 3his study vill enouer

the guaestion for the cnuse of oyelic Cluctuetions i exdanl pqmlatirzms,._
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