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literature contains theories and conclusions that have been1 dis­
proved since 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,acaepted by the majority 
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 distinguishedtypes·of cycles shown 
(1) .cycles of about ten years,. in the snowshoe hare, muskrat,, lynx., 
and foxes,, (2) cycles of about four years, in Violas, lemmings, .. and 
the carnivores of the arctic. 

Postulated causes of mammal population cycles backed up by serious 
evidence'.·include: a depressing factor brought on by stress, 
mineral defic1.ency caused, by eradication of plan~s by high popu­
lations,, exhaustion, of the adreno-pituitary system, resulting from 
increased stresses 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 mannnal cycles have been thought to be corre­
lated,, but all evidence is negative for the theory. Disease, para­
sites,, and predators d~ not appear to be of primary importance for 
causing de-cline,, in, prey populations. Population cycles in mammals 
seemto be caused-by a number of factors, all acting together to 
cause,·the cyclic fluctuations. · 
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'lrho quO"lltion a.t? to w."'let.hS\~ ox- nat t':!a?Iim.alo e~hi.bi t popnlatl.en 

cycles1:. a.mt i.f' so the ;e;ause ei- eausee;i for' tht:1 cycli9s,, }u:ur be~n;, and 

at!U {{S ~ oontr~versial me. "there httn \)e.$!1. a great deal cf lit.el'-' 

ature pub! !shed ooncerni:ng uye!es... some of it ha.eked . up b,y w:t!d 

evid~-.~ and s~ of! it notM.ng ffl!l're then g,.t:ess t:cdr., To: rev!~w ffld 

~tua~ tld.e publish~d mterial ts the p.tt-pon .of thia report. 

·B~fo:r~ a l"eport ce.n be, '\'tritt.~n l!. eompllllte review of the ~t ~unt 

(:>£ U.tt,raturo that has bea11: pubU,hed on cycles in m~J; popu1atlotm 

W'St In ma~. !!ue'h of the l1t.~rE!:turo co:rrb!iins eonolusi<ma: :e..llil th~rus 

t.lm.t l1~vc ho~ disproved sine'!! .ryf 191 bli¢:~rti0:1 1:>f tJ,1 t'U'tielt 

'it)!" ~'tieles.. Tlie-se faulty 1J:C:en11nt.n have been ~eynr:attld out ~n~ :o1'11y 

t,}',.41t. e:v1ltono,e :a.r11 tb;;tire th(~t>l"U>I t'h,:tt, h~~S; ~t,_.,od i.1-p ur:e!,c;:;:r c~-ntiu.~i 

1mGst1,r,at,:16n at".d sho'!it~ t(f bnvo, merit ~,re bee11 t.i$ed in th~ 1•,,porl .• 

l~d0btedn~ss is ne1tn.O"~led2'$.d ·to D:rs~ J. E!., Z~nt ~.tA. ti. ~ ... llt".ffl'Mtl 

fftr th'lll.t" va.11.l~ble gutdanee .. 



~·'hmepots and #fcles tn. Ma.~1a ,. ~ .- ,. • • ..- .., 11 
Th{!J Influence oi' Food on M~l O~lea • ., ,... • .. ., 1, 
E:zlm.urs,ti.® or the: Adr.on&o-Pituita:17 Sygtoa as, a 

Oauatt of: t~l Oycl.ea "' * ,. '<W' •· •· • ., * * t6 



For oGnturie,J it hae be;en :recognized that ~ spe-oies t.)f am.mah 

at t1mecs occur in ouch abundance as to bee.~ serious pest&:,. and at 

other times $ire so reduced. itt ntm!b$rs. th-9..t they -can scarcely be- i"oum 

a.~there. It is only during the last three decades that. IUlY really 

intensive study ha..s be11n made of' the mechanics and causes of' these 

i'b.tctuat.:tons. Most. of the work has bes,n done in Nerth AmrimtJ tint 

und:er the im.ps-tus provided by s. more wt.despread. intere~ in ht.mt.ing 

game• and second• f'o.-ll~~;n,g an awakening: a,iareness that the 'bebe:vior ~r· 

~l J>O?l'ulations constit.ut-es a. 1nrg.e1y unexplored. fZ'ont:1:er• &no '1.thich 

may quite po~oi.bly lend tc a better understanding or eom of the 

p~blams involving human populations and to methods f'or solving them_ 

Of all the species for which there 1 s an adequnte record-, the 

beaver is the only one known not to fluctuate., 1.'htJr.e are doubtful 

euee of :f'tu-ctua:t.ionS' that- r&somble those ot eyeli.c apecies., M are 

not yet ehQ'tffl t.o be cyclic,., Dt;finite account$ are pub11shod. ~Y fol' 

i,nx., bar~., le~ng, n.rtous foxes, some v<>les and ll:lUSkra.ts. !bore u~ 

tw~ dietinsuished typeti'l of c;;,-oles in ~l populaM.onn as fallowst 

(1) cycles of' about ten yoStr-a,. in the Emoweho.e h.a;re,, t'ru:B1crat, 1}"1'1-lt and 

fcxeo. (2) eyeles of about. four yet1,rs* in voles 8nd le-.mine;s and also 

in cnrni vo~s of' t;he arc:tio. 

Th@re have ?men nnny causes p!:>-Stuls.tod. for cycles in ~ial popu-

1 
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laUona. SOt'Ae .r tba,se have been tho~1y disr,NYed mm v.e ·m* 

ino:ludeil in t'hi:a l*Pff'• !he ons•. that. Sl'1e baetmd up by ~~- ,&'fl"'1" 

~e incltid,e;t e. depressing tru:,tor brought on by strea~ · m.im~l ~ 

f1,c:d.enoy caum,d bN the t'iimd1eation '°t plants h:IJ hlth poputatt~ •~ 

hnu.eUon of the ad~itttltuy ~y1tma t'esult:t.nz free 1nereaH4 

•'tre#:sGa inherent in a high p~ula.tion pl~ dema.."lds of' tr~ 1'$pl"Qdueti,n, 

•~tem• ,l'tJ'ld sho-e!t disau~ dei,;0ndea't upon. a. his.It E!e."l::lity 0,f po,pule.ti• 

and r&lausd 'to thn L~d:1atl!l ~mi~l!!1ant• Suns~ activity m1d -1 

c~l• hlw bes th~ t~ he correlaW.1, but all the pf'0~t w!ilelte$' 

le negat.ive for' 'the theory,. Dl8$!lsefJ~ parasites,, and predaten ~ •otr 

a~r ,t,o b& of prtm.ary lmportan:ea in re.gul,ating ~l t:yclu., mt 

they do show ~at'y lmpol'ta.nce for ,cQudns decline 1n pny ~ 

latiom,."' 

flm b,ltef of mri. inveati91tors lo: that cycles in~.~­

laUQttS mte· N>t ~s&d by .,. majQl' tutor acting e.1~• btlt ~ brm.tght 

about. by the accumulated effect. at' event fac:tortJ* each ~cnttlbdtl• 

to ~ ov~ll c~ cf the C7t1l•-. 



!~'re a:r• 'tl~ ;nettersl ti,-.,iu, ot· populnt1on flu.e:tua.t!ons t.:0 ha 

note«,. the flat, -\~ 1~1ve, ~ the i:~oliQ• TM fkt i:.J?PO U 

~f#~ ~; the ~t xajorit:y Qf t.Udm!DJ the uin~z-,., y~ t.o yoor 

~attorill L~ nuubsrtJ (J'f: indlvi,tlual$ ~}· ~ iktc to ~valtnM.l!t:, i/!:t ~ 

4®<11t!on oF e~ nnJ br.~~atn:; eonfl5Jt.!~ Stt~h vnr1at1onn tWe local• 

i•<t and ent!ri3ly inegt..darJ t.~ tot.at nt1mbe,r of indiirlduals: of· i~ 

, ~~le:$ invol'V$d tends. 'to refm;)J:n ~lat.ively c()nfli.ant. (tve:l' ~a bi:defin1tt 

~od of ttr.a-

!1ffl irl1;1.ptive t,pt of fluct.mtt.1a !At Ql1r.u-aeU)ri.ir.,d b;}" the 01eci~a 

exht.Mtin,g ttw :flat t;i'PO- or ve:r.1@rf..im £o'l" 0, aem.wgly ir.tkJ!'in!te: ~rt:· 

· o-4• thlm. ln th~ short sz:,m ,or a :,reu_r ol" tvo, it im:re'noos ~ly to 

plague p:ro:portf.<:m~. Ah1ost. imlled:iatel;t thereafter the,r.o b~gu.,n o,, a~ 

pambJ:9 decrease !n nwnoora-1. ti¥J popuJ.tition d>:opp!ug t.~ t'Ar.$1 @ 

sU.ghtly ~1~. 

Tbs, cyclte t:rps ~t population ~j\\viM",. nre1 t~ .or,.e t~t ml.I ·be. 

~~d ln this papr,r> ts ehanct~ritW,d by f1. r-hyth.::Jlc. cir;u'.Jze, :tn U1S 

Jmmbet's of individua!SJ th~ cyel:te tmWfS i'n l~n~}l fror.: t}Jre& ·•~ fotl!' 

}t'fflt'.t'S to. ten ·t# el•ven ,Yea'.M• Tl» r'{S$ :ts tmea1ly ~dttal.t e~nd!ng 

oft!" ~r.ox1mat$1y tv~hirda or thne-tatU"th~ of 't~ t.~ r~uitgd to 

oomplttte the .~te. '1'M aubse1u;~nt 41~t:t ooeun ~ rapidly• and 

ufflttllly nsu.l't$ 1n tt los.s of nbo-i.tt s&ven:t:5<1-o.f!ve ~r~~m of· the. ~· or· 

' 



maximum population (Elton,, 1$)42) .. 

'l'hera are tw& important aspectl!J of mammalian cycles to be et>nsidend 

nerlt {1) t.he fixed eyole length for eaoh general si$6 of ~1;, au~ 

(2) the diff'erenee in degree of <tycling 'b_et.lfeen the sub,,,aretic and mON 

tempe-rate and tropical olimates,. What f'ollows applies p1timarily to 

rodents, sinoe prede:t.Grs merely .ref'leet the cycles o.f" th6'i:r foc,d supply• 

For example, the toxas of Ungava olo-HlY follow the vole and 1e:l:1llldng 

cyel:ti3s uport which they depend tor food (Elton,, '1942) • 

{Elton~ 1$)L}2; Clarke,, t949; Green at al.,. 1938&.)¥ while still larger 

m&.mmals ba,V'e a~ill a longer cycle (Oluke,,, 1949). The tirst fao~ whim 

e:t-rtke$ OM is the apparent relationship between cyele length and: bot:ly 

si~e, .but th!s in it,se:lf does not seem to be the answer. It. seems 

l~kel;r that the short period of sexual immaturity, the short gestation 

peri<>dt and the large litter, ,sizas of the sJ31a1ler ~ls are th& priN 
t • ,1 

potent.ial in ~he medium--s-i zed mam:tnalS:t tor example., snOW'Shoe hares 

requiNl ·at leaet a year to naeh ae1ttial maturity and have a gesta:tio»: 

period ef ;a days (Aldous,. 1937) as. apposed to 25 days and 21 day$ 
. . s 

animals., sueh as ,~aribou, probably bav..e an even longer cycle eo:rralated 

with. gestation period. of' 7-8 monthsfi ~d ree.eh sexual m.a.turity at 1.,.5 

years (Asdell;. 1946) • In o.ther woi-de• it. s.eems highly probable that t.b 

eyols leng;-th is a :function of t.he reprodt.tctive potential of· the given 

Animal._ 'fhose with the highed, reproductive oapaeity build most ra.pii:lly 





It. c,m. 1- ~,1 that in t.hl.a i\u:1hlon the lom,r the reprod.ucttv~ ca,ae1ty 

0.f t.be a,aciel'J,, the lon~r rill be: 1'ta c,ycle. ~ro.nmsnt. in t.hla dis­

~ssion !a us.e:d ln the broadest eeme, inclui:U.ng pre4nto~., int~ 

sp$alt:lc relationa, and al.l othsr f!lectors. E:ceepts .. -onall:, oovore or· 

favorable environmental f'Qo,tors could possibly ohoru.m or lengthen the 

:cyclG e. ~r or· so,, de:~nd1ng: 1.lptln ,;nett.her operat.! ve a!!Jrly or la.to in 

tl1e e,y,a];e., It ext-~sly untavom.bl.e co,ndit.:10!1.$ W31':e hrought. to bea.r oa 

a popula.Uon at its: ebb• it ta c~ivable that peak at.tdl'l';!Ont c0ti14 

ba ifolnyei a ~:• OO'l'iVer-9$1)1'1 1f this occurred uh;)n 'iM pt>pulttf.ifflt 

•• high,, but mt at tt:s pea~ tt nle:U.:~ peak would. be ca.used wttb a 

Nml.ttu'1'f. d!~ff';.-

'l'ha spec:te-s · 'bolte"ted to e~1once cyclic po!)Ul.a.i.ion e:hrm~s s~ 

to be ahnoat entirely confimd tq the '.Nortm)m P~sph&re,, although 

Rtu1~ (1892) msntloM. eycle·a in the, Southern Hmr,.iaphere rodent,. 

!y C1nd le;rge_. tho nuabe-r or s,eele-!t exbi biting cyclia b&ba.Vit# 

inc'raaees tt-o: om proceeds nor"'Jhlm.rd 1n the northem Hcmnp~m., '?bis 

ie t.roe t.hr<r~ghout ~he temperate .ref;iofflJ,- and 1n the f:U"Ct.!e:,, vhero, than 

are ~dl,:, touo:t Scpeeios, tho fluotu:e.tions reao,h ·their greatest. 

extant,, bath ln sprerul and 'ri.olenee. Anina.ls: with plenty of ~a mt4 

a hi~ l>iotic po,t.e?ltia.1 ll!l'!J'a' oycle,a:. The ~ ap&cios,... 1ih.19r,s c:rmmpat't 

~ ro~c.ta4, Md at the limit 0cf tooir mngG ceas.a to be- c,Yelle 

(Elton, 1942.} • 



'?he Ut~Mt.w-'~ ,;;iving o,·ridenc& o·f population e~l&s ln maama:ls !$l\ 

wec11 ~ri1'4d tr.1 !'1tlc tulich (19'.71)1 Ett1>n (1?42)" O,;monli (1947),, 

SU.vo-ne:n ( 1948),, t\nd Olox-rm 0949) ii· Tha:se .authora, tn-nd to· d1vlde tilt 

ahi.malt1 whio.h pnri.i:eipats !n ~yele-a into tvo cla:sm,01 pn.;y antma!a 

sueh .as mice-., n.libito., and lemtrl.ngsJ and prEHlat.O"r-a sueh u lymt ·tmd fmt., 

Tm ·~m aeauttpt:1on 1n 'the U.te'mtu.re io that the pn:, ~yo.le ls th& 

basic one ad that t,'ru, predato-r cyele- .~rely fel'.Jow.s the ~Yon&:• 

th~ eycles of the ma.'!l'IMU.an. pred.aton are i•ll documated t~..h 

the f'W:>· oele.s 0:f 'the b'ud&on !n.y Oomptmy• anal)"Zed by Elton. (1942} ~ 

Elton ud Nicholson {1942 a,b)., Th&N: 1:$ a 4-y{9ar eyole in th$ tun~. 

f'ound in the arctic !'ox which preys on lemin~o., a 4-.~l" ttyele 1:n t~ 

-~.tic open f'ora.st, to t,h.s sQ!Uth. ~nd !n t.be red fa .~ t..lm mnht., 

wh1ch theN prey prim.M'ity on wtee,, ;ffld a 10-yec.r cyole in t'b;, nottbti:~ 

fore-at regi~ fou.."ld .!A too 1,=; ·~nd ~hof' tm~ls whl.,eh. p,1"$';9' ~rib 

.cm t.h~ S?ffltlaho$ ti.are and ia less clearr in the r~ f'u arid otntlr ttptfe!:1.HJ.J: 

uhieh tum ra.tr.ar :f"Nely to o~r trey tihG11 lm:reiJ aro saear"e (ta~k, 1954,). 

l1aJ'tgn: ar..d red fox. htlv<ilt n 4-~U' cyo 1• in m,rth~rn tal>maor and 

Bulson Strait, -where th~y prey -,hiefl.y Qn· vo:loa,. and a, 10--y!ltU" e.yelt# 

1n the tor-est ~lt :f'U"thel"' south, wh•M they p~y minl'y on ~ ~~ 

tmre (lilt.on:, 1942). Also en the Vmreouver Isbi:nd• the ~tu1 •t:e 

ebiefly mice and squi"rrels ·imd hA.a flug,tuated independently oft.be 



\\~11-mnrked. 10-ji'e&l" e:yo-1~ on the ndjttcent. t'l!linlnnd -of British 00iil.ffi\'ibla 

(O~n, 19,S}. A~in, the arctic ftn has a li...,y,$ar e~le 111 those Jata 

ot Gn~nltmd where lemm:ngs fU"tl pre$e.nt, but tluetugtes 1ne5t1la-r"ly 

·t1he:te t~r:ir.'\ings are a'bsont ~ it •tS' •in1Y pts.~r,1n and aret.ic hare 

(~B'tNp., 1$)41} • 

Durtng the rodent decli·ruts th-e carnivores B'i"e often. t~ wtlk or 

•~mng and f-ood shOl"tagt, 1,s clearly' t:m min enun~l of their d.1:!at~ 

01sette ha.s beett nportoo at time:s;, _ pl.\rl.icuwly tm0ng f()xee (i'l~ 

1942)., 

Tho cm.tehes of red fox !:n Ontat"1o; s,1-v s. mgu;la.1' eycl6 wheft ~d 

O!/el" n tdd;e ttl"Otit wt fluc:t,.JA~ erratlcal.ly ttt ind1:ridfflll eo.lle:eting 

posta (·O::n,-m11. 1940) . ., fltmetA· th~ ar') li:>eal ·vttrtati:0-ns:., The:re: -~ ~:l.$0, 

Ngiom\l difi'eren.cec,,., sinee. in the lyru( the peak o'f the: el,rcle my '11ftar 

blf f~ 2 to 4 -~ in d1:f'f'enmt parts, of CanadaJ but the d:ag,ms- at· 

iiver&"6?le$ dQ<en not. incroo.se t-he time, tmd. ditterant at<eas t::md t() ©3t. 

back i~ trtep {l?;l ton od Nichol S(m;) l942a) ,., Sueh lec~l Gnd. n:tgional, 

Vtll"iAtlons -~ to be ~ht1.ractertsUc ot .cyol.1~ animnlc !n gerun-Al•, fh, 

-t~emy for the predat'Ot" oyo~~ in difi'•,Jl"-ent regions t;o. g:?.tt back 1nto 

:S't$p l:11 th each ~her may ba due to a . aimitar tendeney in their rodmrt. 

prey,. k>-t U, is ahl'l4Bt tertatnl;v esisted by .emg:rt:ition (Lack, 19;,\) .• 

1'-m4 'th~ lJlfflC somllttim,e;1t emigmt!ut tn·{&l'ent. nttmbara, a.a 1:n 1916.t7 

t~loong the sntWshoee httre pe-11.k ot 1914-15 (Hewitt,, f921).. Mo~ents 

also oe,eur in thin ~d fox Butler,. 1951) and int.he ucticc ftffl'j: ~• 

•Y ffml #,..0$S from. -0$mda to Or@:enland 01rer tho- !CG' (Brae:atrup_. 1941)., 

'l"he a.videnctt given ,,a~ shfflll4 be tmough to ~hoi1 that e.yeles o.f 

·"t,he ·pndaton depend MIJical ly on tbose o:f t:lw r-«l~nt..e., Th$ UJ.me""" 

lying aa~ or t.he rodent. cyclms ~ much more obscure,., The llaJ,n 







Stt.nspot :c':f(:,lo8 have 'bean ~oe,ni.ffld fm- a long ttm,., 4nd e:tt~t• 

hi\~ been mule" at; one tlmtt or &not.her., to cor1"'~1tita. id.th th~ a.~t 

~'f:1' pna• of <tl1mt1c vatiaf.to~ ~ ,o.ctivtty and pl.Mt .nm ~ 

rm1ma:l ~mr., At. fiM thQUt.,ht, ot caune* it tifOEu,,s ~lw.t. 

r,~ that tt.spata' on thl irun,. about 9:, milU.on mle• distant. ~ the 

~h,, could bava any ap-preoi11t,ble efh.ct tlp($n., f'or i~e11 the ~· 

shoe haN· 1n Nol"th Amrtce.. Ron·Gvo:r,,., the mmspelt:s: undS'rgo a eye%~ 

btcreastt and decrease w!t.h a perlttdtcl\y of eleven yeo.r1t., PerhapB thi~ 

1Jtmllarlt.y ~tt!.~tm mwnal c.yclS'Si and ffl.lnsp()t ey~les 1.s tJal"Oly a cobmi­

ih.m""'~• ffl'ld p$!'Mp1t mi.~ It Will 1m Mt.ed Ut.at Opt.lciea trl'faeted by 

,a.yell~ f!u.ctuatioM may be divided into ~10 ;uroupet tho:ze th,q,;t. o'h'tA1n 

tba:t.r f&oel d1r~ct.1y hffltl plantn and thos~ thr,it :reed on t:l1ese plant­

aateN,.. · Now• if thore i.a e. d.raist.tc reduct.ton in the ~be:rs {'}fa pl~ 

~ting (lier-bivcro1.U1) apecf.~s. 1t !e itlSVittlhle Ui<lt. thero Qlao ·~ & 

~~rable r0duci1on in the numbers :<>f' me::tf.-oo.teJJO (t-~im:rou.a) fa(:f4ing 

upon t~ Tb~ latt~r ttill mtnrv.«, ~$mply because there 1~ ffllt ®ffi~ 

preiy ·to go around. Its~ l11Jgico.l,; then to look to tht: barb1vttl"ft -

th,e: roa~ts., t'he, haros and ~1ae -· for a e:~t.:ion ttf ·tru, -~ 

of ~yel~s ina~b ae t~y conriitut~ tho first at~p !n the, •-t1'od OM-in*., 

Durlng the ~,ria.mi o:t tJt.e, :mmspot cycte, i . .,e., ... whan 't.'ha tiu~e fiif 

t.be :mm bean t.ba g1"00teut n~r of' 'lln:potG:•., tb) propo;rt1on at uitnt­

v!ol~t l'ltt;vs 1n tl-..e sunlight raaobing the eru'th is bi&l'i~r thtm a'\ ·oth.e1r 

t!.Ma .. , It ia b~m that. a htr,;h pri,poriion cf u.lt~olet. ligl1t lm11 a 

~turding ct"teet., .on plant growth., lt lms also been ru,cert~ t.mt. 



d:iu•i:r.;$ of sunspot 'mftXix!An,- r.lO'f'e inttltr,·e:ii}nt t:1-aatber Metira tlmn 

1it t1>thot- t:Lmo~,. le."S;;; i'ood u.in,d.1nt1e, even by ·t1. littl't' (due t~ 

nuii\,r• hCJth thi~ough direet st;'.'.lrvat.i.on imd, leai3 obviou.Gly. tin-~ :a 

[so.nar11l ,,oa:kanit.ig, of t:bo !'(lpulat1on beeauo,:, oJ.' m.a.lnutr:t tion. P¢ttrly-ted 

111d:i11idu1!llo m.1ccwah ll'.Qre readily to tho eff aet$ of' ~raaitea and. d:bren:s~ 

than do uell ... /od ones;. }'1.,3:noe a popult\U .. on,. hnvint b7 n lot1&l"Gd fQ!')d 

s-upply rollil nn i:::laronsing w:tnernbility to disease., is u1e1r:tta'bly radue:~d,. 

t'edu~tlon l,3* tlt;:;tti one of' tJm fMt.ors. which act t;q Jll'OYent \Ult'e­

l\lttair~d in;0i,".otule: in $pecieu uhie}1 0'.1:.hon,ise d6ht conee:t~hty t~..cr-~a~ 

:frar:1 'tha ~ecot"r.ls,, t'ha.t thrl i;ycla d;i;1ss. not aet. Sit\11-tlta1.1eo~isly 

1;,.:..,1,ts:1"J.."',uG•i.1r ..... 11 apr.Jceieu;. ~van 1:n a :relai.lvGl!!' ~11 .area,1., Orooo- (:t9lt0)1 .. 

<,$~1w.itit,1r;::;:,,., On tile lmri.e a::'/~ bi,s roS,llts .•. dross st-e.ten "ihat n.,..,, •. fluc't.t.t•, 

ttt.11iliaG thia l'.:.'U:mber o.f t,hr:i :fox in Ottta1"1o t1i"c def"ini.t,oly 11Q,t. corn:tlQtai 

•ifl;t.b sunspots ~·•tt nunspo't. th,,~l"'J 'WaS givon .~,\1;;;~1· not ba~k by thl!1i 

wot'l!: l:%nt'li Llllieri (19.57) who,:Jl a.:i"'t,er· :Stu,linfi the raeotdn for t.b8 an~ 

~M')t.,1. l~~$ Oa.ittidn lyi~.,, coocludcd triaJ. th:.:1 i'luct1iat:i®o rJ1i! ne:iJ·,he:,c 



Btaost-ru.p (19lro) ffllPf,.,~t.ed t.'ha.t a deelina bl the quaU .. ty o.f .food :e.,~ 

a NGt.tlt of a re,ttular e.l.it!!t:tt:te, ehan.~ tt1.a;r c-a:use 1'..are· .oycle$,, wt subsei­

qu:cent 3tudy Ms nost borne ou.t t.ho climntic ~yelea. h~ altio ~:pressed the 

beli~f' th~t. nu.trtt.1.1':Jrnl.1 probl.em1): ooy re,s.ult f"l"om over trt.ilt~ti"n of the 

t~od ~pe,ei:et:J long bo:f'ore any general over utlliza:tion cf' the fuod sup~ly 

i.$. appo..i-ent,. ~ran~ (1949) pr:oposed 'that eyel~s we.re th~ re·sul:t of' the 

'int~~n:cftion beit.y1esn h~rbiv«r®s 1~als and t.h.~ir foo,d S'l:.:tl>I?11• inch 

a simple cycle as.m~s: that tha a:mmn.le' l)Opu.lat!t,m build up.· uutll t.h~1 

consume all 4f the f~od., then dit:1 otf and reht:Ud. t\gla.i.n aft~r th,:zc f~i::id 

ffll:pply has. reeov~ed., Stttrft:to,a of' 1&n1ming pnpulaticms at rQin:t; &trrw,, 

rep0crteu b'J Thompson (f:9!:>5) ,,, fflltlm;est ~. eyole almost that ~ple,., lei 

re:po,rte th.at a1oof3t all ve&ete;ttonwaa ~ona.u.."imd .at t:ha pe:nk ot· t~. thte~ 

to, f~Y(!)~r eye.le~, Althoug,r. Th~prion. eoncltided the:t the ey0te vu due 

to a e.omb1nat1on of pre-dat.itm and food and e~l" dep1.e:t1t')l'lt: !t .ts qu.ite 

nppar,~nt t.hat SCI!'.\~ eyo:le voUld: rt<\i:vo resulted oven 1.f t.be l~.-.dngt t~ 

bu pr~wr;i we:re, alr~dy d~e.d. to .stt:u.•v:e., An. 1nd!oe~t!~n thai. rabbits 

i~y tll.so roopond. t.o such a simple stttrvat1QU cycle is- f'mmd 1n t"eport,s; 

that, tllt'JY a«:1etil!l&S &1:r.reroly drunsi~-e thoir w.biter food plonta during ·~tut 

ya~ra {13e1le~~, 19116) ,., 1-Iowever, weh ~n,,-npl.e,$ of' dir,:::c't $tnrvation 

limiting herbivore populations 1nrei :rglat.ivtdy tmoonmron bi ,w,ture11 mai:1:au .. 

ttitio~ 1,1ot, ste:tvatian, usunU.y set~ th® population U .. rrJ.ta .. in th~ 

opini® o.f' the m.at:hor . .., m,·at ®i?mltt resort to e~lled 11stut"fi.ng. f'o.odtfw. 

(teer,old,, 19;5;5) .t"at'!':e,r "Uie.n sueett,";'J,b to dJ.rect MO.l"'ffl,t:ton. .\ettm~ll:ir, the 

ra.b'b!t,s nJJo\1'.e ,ihicch •were dru1:nging th~il' rnng,es, probably w~~ 

40,nnv:i:dng foodn that \'1er-e beiltn.r t.lleir 111in!r11Um n'l.:d,1"1:ti,:);ntt~l ?><tquin~nts . ., 
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Most.. living thil'lg& have a r$pl"Oih1etive ·ettpaclt.y tba't. keeps tbtftl" 

pt,pul&ll.t.ton at envlronmtutbl capacity,., and: the ~ f.mporlant. $1.ntlo e~ 

~ .t th$ e:nvlrommt !a :fo.Qt\4 lfhls !s borne out by~ (1~}. 

who ~11.14• t.hnt M1'Y biri specl•• ~ •11mted in nuBlm:.rs by 'thd.r 

f~ $1pply.• L.t,opold (1955) ~v•s further support. to this coml~ 

~ he s~~tJ that f'oud 1~ the •atl•imporitm.t.• regula:tol'' ,of 4eff 

Ht,rldvoi-es con~ first their imata1ning i'¢:od plants; vb.an ~. 

are gom,, tzhey tum i. mar~1 fooo :,lent•• and 1.£ th¢1y in turn .an all 

uee4,,. they must reoort to submarginal ~bu, that ot'G lielmt 1'.he1r· mt~ 

1tmlit ftiqutl"'ement$., During the tdnter tlh~ the. food ffllpply ts at, 1t.,o; 

lowe~ 1ev(l!)1 most no:-them harb1?o~u1' popw.l1t:iona are •Gt 11koly 'to bo 

.to~ ·to ut.!U• :fooda tbat are mt-rlt.iOMlly clo$$ 'to· the mi~ 

Mml•i7 t<t mt!dttt.!dn h$~l.t.h ~r sutrtain life. The pres:~ of Npro­

&tt:t.icm wn4t, t.o, lt®p the p6pu.latlon. at. this mlmttrttion threshc;,ld. 

Tb ·am.•1• t.hai. a~ t<rned ~1ow tht·• threw.old do mt 1r,1tJSdiaiol.y &1c 

bat gtma,rally ~,n~ are lGntl able to p,rote~~ themselves., Tkey ar& 

~ $WJC,~pttbUi t,o. t~ e.tt@b of pal"ad~e ·t:m.a dtsea~ and they shw 

a, ~~r ra.tG of reproductive ~vat (Allen, 1·95,4)., The9$ an alt 

~ that are emru~nl:; fomd in a cy~lic ~lation in 1t..a wcilnlng 

plmse,. For example,, croen•s wo;rk (19'9) on "sh~ck di.eease8 1>£ :rabhl\s 

•ge$"S:W e. nutr1t.1om1 det!:cieno1 as the p?i.wu:•y ots.tule• Mao wlich 

( 19,7) show~d thtlt se1re:rm.1 dis~aee r:na.y be involved ·in the decU• or 

~ CfeliC $~es,., Low reprod:u.e,t.iottt, :0:r low S".1rnval of y~, 1-• 

~n f'~ in most etudio3 of' the. dt"$lim of eycUc a..~ml).1.e (S1!v~, 

1952; Lac~. 19;}4)., '?M:sa col"relst1~ ar~ cd~al e-dilanc. that 

c:ycU.c det;lim is ntttntionat., prtibably ugocia.tGil wt th t'>1 ther a ~cline 



1n the qtm:11tlty or quality of the f'ood supply. 

Ko:Jkimias ( t9'5) sttrrreata that cyclic ll}tses: of nO'l"thom berld.vorer, 

,are bioloi;!tmlty n9c1!t:1;isary tQ: prot-0et th.$ nl~a~ nol'thani: trege-. 

t:atton from 0'/1$,-.Utili~tion. It "®e that the eycleg must. haft sGr'l.e 

ftl'Viva1 vnltffl;, w,· the ard .. AMls \fattld: bait& dneloped tu?apt:o.tlon• ·tt> ov~ 

oome them.; 4ppuenUy the ntmal• .atd t.hai:r fi'JOd plQf.ta- evolv~d ~ 

e~he't' ·amt these t'hn.t o.ver....ii'til:t~ed m'ltl deatrayod; tbm.r rood ~ply ttl13tJ 

dostt"o~a: t~,olves (AUo~* et al •• ·1949),. lo'@' cexs.mpl~t it" a aqtdr're! 

vs- ~v<.>lved \lmt e~uld thrive on any -or all t:ms"S and bnd;:, ot' cont~~ 

~ t.~,s;. th.om ffl>ttld ho littl~ to belt itJJ :tnora~sa unt.S.l. a:U ~onif~N 

wi"e lid 'Ued,. baca.uae th.era !n no i:my ··in ~thieh a 'tNi/i!i could ~~ ·t'ror1 

a horde .of h'u~cy tJ.".J,T.d.n":1le •. Howev(')t',. if' th~re t1ere s~vffa.l S'P$c:1• of 

~if:l::t'®& f'Qod plants: !)Nsr:)nti," ea.ch o~ a d!i'f1''f',~nt nutritio.r.al valtt$11 

tM s~ff#.J,ia wnuld undaribte<lty owr-tttilir» Md posoibl2r kill ·t.ho· on~a 

(ff· high f'Ot)d. "1'41~ but t.r,ms .of' mal"'sbml quality ci:mld. p.l:'o~bly ~ 

n~ They vould be· p!"0t.e'd.ad if onl;v a J)ttl't. of' the !'ol~ge of' an indt• 

'ri<lual trae wars nutrit.io~llya.dequau., to aerve &$ nquirr~l til~ or, li"' 

:eml:, a :few i.:ndi:d .. duat mem:b&l'S o-f a plant. tt:pec:tas W(llla ViSC'tOU$ ~ .rtcb 

enough to m.:tst.ain sqtd.rr~la.. 7hase ,are: all !)@at111ble method.$! by "'"hi .. eh 

sf'e:tml plnnts. ooy ravoo.t. 'belw thoe nu.trit,ioml mlnimm Mqtd:re4 hy 

~~1~- It ffl>tttd seem 'hhat all plante: mut!!t d$Wlcp .~ mt;hod. of 

,iJSc&.~ from ~1 ut.tli~tion ·b? holf'hi'lfO?GUa ,;mmln 1i'1th the· r0.tt. 

tmt ~! have e'!ffiil~tl me.r· t;.() t.;his mlmttrtti,:me.1. t'hreho'ltt. '!hose 

md ... ~la thnt :!l'l'..!ti\ dl"'.1'<:md upon t.ttei,e plqnts of' lwam~ nli',l"itiom..l vntu, 

mi'Jt t:bld, ,a mu· SOtirei:t of' food. or doeU .. ne in ~bars or 1)00~1 bl:r di•l"""' 

,.«r ~ !fa.tun• s pic-tuttt,. 



Althollgh it may nea rever~ this tU.seussion will st.art at the 

end of the OY'Cle·,, l>ecautte the d1~ft .la 1 te most startling phe~na 

a:a well. ~s om of the major- probleme te be explained. This on.sh. ha.• 

boen euff'io1ently d1.:>scd.bad by Elton (1942) to mak9 unnecesm\ry ny 

further de.scrl.ption of 1t11 general aspec,ts Mre• sut·:tica it to say 

that the e.ra.eh occw-s fol t-owing a. peak in th• population• and tel'ffl!• 

mi.tee: a c-y-cle of increasing abmdance:., More detailed acc:oun-ts. of 

s~eJ>al 1nv&st1gatlans on Cl'$.ohes are given belo,, to 1&n4 erldance for 

ln: 1909 fl.per 4e:seribed a.n outbreak a:n.-d mtbse,q:tt.Gnt die .... off o-1' 

meadow •les (Mic.J."o-tua monta®S:} in NGvnda,. The peak wae Natlmd in ·'·- . . . . 

th.a, winter O-f 1907-08,. and followed by tbG crash from Janufll"Y to !!~b 

~ 1906,. All at.tempt& to .-eb.w the die-off to a ee.u.sitive crgants.m 

.f'411ed., 

!lten,, Font, Bak~" and Go.rdne-r (19,1) lnt~na1ve'ly :lnvestigat.ea a 

p~ctri emah in A2odemt1s :ay1~t.1cma in late winter and early spr1ng,i 

am wen wholly unab1t to d.em.onatntt.e any causiti ve organism., "NQ recog-

n!oohle pltbologieal 1esiona were demonstrated.. 'l'hese m.t.th.ors did: ltot 

cl&t'1ftltely l'Ule out the posaibiU:t.:, tt£ a rlrue !nfacttoi. but they 

1-1!:~d it extremely unlikely on the bao1s of a,s~tive le&1ons 

ph,siologlt:al condition at t'he mffl1Be population caused the- nn!msl.s t,o 

di$ in capt1nty., .rt~r b&S.:ng broueht 1n from the mtit_. with the •st 

um:aual. ngulmty anti .npi.dtty..,• Antmals brout"ht into the ieJ.»rn:to:ry 

died td.thin a 4-et7 or so under id:ll)nU.•1 ~on.di tic.ma to t.hoaa: previoue:ly 



virmra.!1 as eaus1.t.ivo ag5nts d.urlng; a die-~i;f of' r~icrotu;i ~s:~s:t.1.,s.., 

dea:·th in t'.'he3el art1:tm:ls thcr~ WG;I!) :a 1ot.11arg;i.c po,l:'io.tl ft}llow~d 





~tg,. l'iitlii•leg i(;}lftr;)itfiion-o,, rotrnet.1.on °'f the l»ad ;and nee~ mm su~dffl . . 

'2h9 tdzd.lM'lty of t.hess !!~..i1p:tt.i~s11 Md thoaa Qi" tho ?d..ee ato,ve: •. to, tho• 

o.t 11~1:Y<=.emie conwl\ll!iont 1n no:tahle. B$s't and Taylor { 1939) giVtJ 

tt~ :fol lotdt1g deeeript:lon and sjllnpi:.ams ,of hypo~lycor3io. produee:d by 1U1Y 

tl'fho Digna in the .:rabbit-~ hyparel«!itnb1U.ty end ,defJiro fo-r ~ctr., 
The ~it..9:b11it.y becwea- trrea.t!'l)l'iJi and nild 4t1tl thm 1Je'!leffl1t convuts:t._. 
&fie e-,:bib-i tea,., 1:h'l ~d is J<et~~ted tmd Mm limbs: extamled in the 
inttlt"Val.s betwefl eonwleive selmre-. Cor:a is hequant. •. The ~1$· 
m.:, ex.hi bit ri.~f" ml"tilt ~d11J.tely a:f'te:t dootb. The td,Ji'ffil in ~ 
~ quite, ,it:'!311Qr,_. ttice• in~ in~o •. my boo.~ c:«:1at-oe mth-
t)rtt. ~xhtl,i ting C()n,.mlslon•• • - · 

G"en e't alill (19,9) ~si.~d the 1mh11.1ty of t;oo tmimls to 

,dt.h..~ an;r undue tlmrticm: or atren:s t:hich would ltimve no~ ~1$ 

umtteat.ed. The-o.e ftnd.1n~ wl"e d~M\9d equally 1n e.11 baren 

tfldsJo t~ Qmfeln it4a~ks• and tbia la ~nt,. 1.d.mo it atat1G t.Mt 

te:o\o~ uh:ieh imnee aho.ek dis~so exert au.ffioimrt. 1fff'1~ to 

pr~ -deathp !n both ~ tm.d old: animl-s ltt no.tnr.e,., 'lbc p~ 

laticm :studii;;d reaohed its pMlc in,,,,,, tmd the de,clins t~ eont~ 

OW'J·· 'to, 1957., 'W.th t.he greett.ost dis-off ooi~ i:tt t.he fall en! td~~ 

of 19'5~ Sitdl~ 0,boervatiom .ro:e::e.b$d t-tero 't,brat ~hoek Mm:1~ in 

~:r.11~ .ntoponsible tor d"irnatci<m ot ~mhoo hares*' that ll)Cal 

(ltfflditloos W$~ aUr!btt~bl~., ed tJ:ua-t. m,verc upaeta in C9'~~tt:a 

t-t~tt:d:>ot1em 1-1~re the prir:JSl":,' effect c-a the mt'ea. .• 

~h,~gllOttt th~se vutou:s invosti;ga.tlomi thsiro lo. a ~.rl«thht 

cor~:tsteney in Uie fi:nd.i~ rcg-nrdloi'.ls of ·the t1,eo!·<J.t1., t'!1th ~G1ble 

~~~t1on of Wiml~y- -a.nd Niditotm''jlJ ~<t!!mlns.ma im'aetimm m.,; l?(tt:~ 

~niC. ~~!UD~ C'f>,Uld be C®m.nstmtodw 1'lw ffllfJOt Of $.~0'$~ Vftl1• 
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!~1·ca.sel tlu:isoe·ptihility to s.tr.o:ll.s., It •ens,, t.hnn., th~t w1nt in bo:ing 

d$ltl t uith 1b:&1~ is a phonooenan eo:t!';r.f!>n t.o Gll of!' 't.;.."t' a,.~lali and tI~t 

G~e:n awl La-rsen ( 19;8a) havo a>1eq1.1at-al~ described it.a patholot-r and. 

p?'ir:ID.rily ·tn the late tt!nter" f6:nd early Sl)r!ng,. and imrolw eevere ~ 

bol:1e disturlm:neea eolno.i.d{lnt ,.,f!;:th tinrlted.ly .rleerea.~ r~u1$~'G to 

$e:1~~'s adtiptati•:ln o:,,nd::rom. {19461 1'947( ptovideo a tllnmrer 'tu, t.M· 

p~obtE'>m., !11 other uor>altt the S;r-".l.lptco::...s of adreml ~:..'t:dlttStion on tt pQ~ 

Iatl~trl.d& hs1o ue b~in$ dealt with !1~:rt).~, Sol.3,~· (1,.,~) 'hr~ wg-

·nn't1~ns.#, Ssl:,"CJ hae dlvided the® into (1) fll~. (2) ~ito:t'"'•llhoek 

(those two eo::1h1¥W'd. am the 11nlarm reaction"),. (;) l"Ctll1nttt~. Md: 

(4) exlauot1on phese (Sel~. 1?'f7),.. lilcc thooo of the: ala!'tll roa:ttt.ion.,. 

c.n h}1l)0:;1yctY.die.,, invol.uM.on cf 1)-mphoicl Usm.:e. OA:roml. eo.rl!C't!l 

1*1>el"tr:opl;i;sr, de,areiis.ed liver g;l:;,~gon),. diminish3d fnt cont.ant ,tf ~ 

aitpoae t.is.euo,. lipid d,e,o:s1:tion '.L."l the livor:t, r<tircrasl of th~ al~»/ 

glolr..tl!.n ra.Uo,, deot1i!a~ in bloat ~hto1"ide,~1, rioo in blQQd p.t)uuint~ 

e.m n. ?:Jtrr~d da,eronse of th.$ ·e.s~orbi..t$ :aeid1, t~tos'tflrioo, .fflld pburr,aa:t 



exhm.li:tl.1.~ the adreml cortex is fmmd t.o be ll~rrl~c., Oft.Git ~ 

Uv.er tmly sboifo oigns of <'iloudy •rellint a.mt. decretuie ln st•• lffl,t. r$JI 

howeftl"i, shot.,~· !ntenoiv-e atn;pby and degeml"S:ti<m ct;Jm~• f~ 

llvttr ~e$ ~ be, ett~nted by ~ttls.r e:0roi~ (Selys• f9;9\l) .,, 

1n lis,ir~ t,}l..e chau~is du:tittg t~ ~st.ton. $" ft:la:m. re~~ 

pm~ of th$· adnpta:ti.on J:,yndr~ the fl~ in tmim1s 4uring ·t.b,· 

peri~ d!..~1' ha:vtrt pracit!cnlly 'be~ ~tod• Green tm.d: Ls.rs• 

(t9;&) cl.es.i"l.y ffllmre« t;ba.t. the ~wl~!on& in Mrio/S dU ·J»t ~r 

tm.'tll. t.h.e liver glyeoge:n 41'\1ppad '.bo-lfflt 0,.2 ~rcont, ~rating tla't 

thliy ·t»re e~uood by a Jl"'~$a'lm fall bi the glu<10$e roee.rv•.s,... ~· 

peru-1en:tatly tltay we.re ah~ t.G stop or allevittte too ~ulelontt 

t~n ly by 1ntnvaru>tto gl.1.tet'.$~ in3®t1:~ .. , ..tefini:taly atfiffii;t,g 

~t -tllo oomn.11sicna Wt"& hl1POg1yc.de in no.tu.rt,• ~mphrine: ~ 

jeet1~ ffi.1l'e inaf'£eetive• It Beltlr::ta more than 11tto1.y th~t 1:n .~ di~ 

iii'£ts .ill twmmn.lu a mnif"estat1on of ~· dap:tatie &yndrQmC wtth ·~ 

t.~na1 mmvule~ ~1pita.t~d 1n ~· ®oos by Sot'O ddr:m ~as •. 

such~ £ear,., ·<",a:pt.irlty or e.x.erlion ts ~i~ denl.t with. 

fh$. tuh•timl ~spoma t.~ et:N$s ts riia1lated by tho $)C'Mim .r 
ad~rM.cot-fflphic hormmlCJ ·~ the nntertor pit.u!tar;,. 'lb& !mC~ 

m.m ·bw ,t.aich tha pitu.1~ :lo stimulated tn as :,-et ~in, but.·~ be> 

~~~gl'tt nboot b;y th111 release· of ad.romlin {Uic'r.nel, l~~9) • As, a ~eul:t, 

of ~a tffi. tha p!tuttnry of greater u.re--su~inil\'t 1mpo:ttatme tn 

~sponSG to stresa1. tm:ro 1$ a obi.ft to th!s fu~ion fro..~ ZQM« (S~v&,:, 

1·9'90;) bd grt:Wth (&otye" 19;6) 0t.!mtdat!ng tunet.1~,., s0, tho gl"0t'tth 

rft«m or co:aMs ;and, t.be ~d11 r.~.:11 Wtt®EJ. Qtr-ophl,o Ol"· at leaot d~ 

!d.ntmied i:n ftmoUotial actln:t:z,:,.. Too :tmpo~ o!: tllle tnew td.U 



ha 4lncu~d bi!il~w. Al.so of td.g,d,:M.c!UiCe is t~t* i11Y.m the ndnpio:U.oo 

~~ ls e15.e1.ted to om otres~, to'he md~l h,oa,aen ·~. suaeqt.1 .. 

bi. tooth~ ~SSC:$\ (SelYG •. 1947). Pasting (Selya,. 1946) l'm4 ~ ... , 

~®' (hl.1.,~ '19'9.b) ~1y !no.rea.as tlm wsccpt.1M.Ut:y of ~b 

t<.t ~~ .Umru.14 . ann. r.~.::, ,au~nt <the chainge9 which 1"£v>e: a~dy 

~ plaee-., Thin l!i $specin;U.y mie ot t:'he llypo:;lyc~ Jhas~· m'ffl, $;\ 

ta pN>'bably these factom w1ch d~te~ne t~ fiml .ouf.c~.o in the., fom 

ttf ~r;1ycemtc conVtda!om• 

~ adapta;tiM eynd~ my b& ~lic:i:i'Ad by o:. tdde vfll'iot.;r of 

al~ &~.t envtrmml9nta1 Q.~ pragn.~y (Say~ and ifl:ysrs,, 

1949l,, ·to.-uc char.iic:ala,, .. ba:e.torin.1 tm>aeiion~ (Selye., 19'~. t&ar,,. ~. 

~tlomt u~s (.tan:l.YE'• 1941). c&14 .r.mm,ular ~xet1;,1t>n,, mid n ~at 

.. Qitb,~ ca~l~. 1946). 

M~ too aa.-otr 1~ due to a mn.!fe~tion ot the adaptation 

~omef!, $Jl 1:nve.stlgation ·of t,~ si. .... ei3; i~ch ~ .a\ ~k \o iro­

.. (t· this Gffe.et on a Jcpulntl~dde litu;ltt !.n :ms.i~a msi\. he, ·~. 

ltt all f.ha :OtudieD ao ~ ~o.rd~, tbQ. dl0-~f ha$' ~ft in tJm. 

wtnter 0;r ~rt7 ~ .fQlli!ming a popu;laticn pettk the pr&ceat~ 

~tllfm• R0m'$ tho1'0 is· an ,~~""li:~i;y bi;;h povulation e:~~ !mtA> fit. 

period~~ ~cle.U.V& :t'®d se.~td.'.ty1i tte)ld and o:thar a,,;,,em, ~li~tlo 

#~4~ t111ih that.~ nt.tf;Jnd{mt aaquels11, At~ mth tl10 attrd~nt. fit' 

'hi~ pt>piilati'cm lo~lS:'li nnt~:tD artJ progressiV1-:,ly crm1de!l. intt> lesa 

$'ll ~t. :faYQnb1Q enxtlror:lll!.'~int& from tm. orlgtml~v htg;hly faV~bhl 

mu,le~ (Eltffll,, t942:) • !.h:br ~ 1'11•s fn.voreblco fGodtt•; l~so good 

eo.~r*' .am oft~ tffif'a'Yt"Srabt~ wate-:t- r,:;~ply• nnd ot\10:r ~ of sul,.. 

~~m.1 U.:vt~ In all. probab!.U.t.y 'ftfil'I:':/ populs!t.iott pet\k 1n tl-•43 w11d 



(2) look e!' plNl~r· ooVi'.l't._. (!'>) incn."'~a.~ed mu;$e,ulnr exorti®. ~s,.ilting; from 

.u,u-,_,,,_,<c,- t:ripn,, (4} f:te:htll idth 0ct'hor indi\lid,»J:ls (Calhou.nt: 

t?,ti9), (5) !mc:rett.\9iad ()~at~ tl) e,otd from !.i:tnger fo-ro~ trip$ -tmd 



is a f"'ucto1~ pfoe:tng inc:roo.sad, en th~ pii,uito...ry at. 

:1 t. in' :atl"etlldy rr:i,s::rdi:mlly ~t:i1:iult1:l,p,d to produe{) adro:no,,,, 

.... ·"',u"'"""'""'i,k i(li :l()ti11.'lllnte.d in s,p1t,o or ndri~l dcmr.u:1d~ evidzint., tro,m th~ 

t11t1:t hr<:>~ding sr2fu,on wlth protlucrtion of ensue,. 

e,tt'"l.r::1ont .miht ~. affon\jd toot in ~ooa ll',:H:1rc\'lls tl10 1...'!.nlas ~U!'a pr:iJr>$rl.ly 

aff(.te.tad 'by ltc;bt,,, but thia r1n:y b() m1m,Iered by p;regnr.:."lcy i®?JtU'J.d.f! irt tl"W 

u~a~t ttinrulto.ncou~l;;t respond m~11l£lU~, to, increased: dor'1ttn.da of ~11 

l)ne t2rpe t1ust wo.cm1h to .€00Qcthnr:. 1£',. th,;:;n1 the pi.tu!-

and e. dinQt otim1.aun" in tho t'oi,n; cf lirJxt. ()'r 1fJu t.o~::,£:..r~:ture,. tt!ilit.1otm 

la't!t,:Z,tlati10n 601:m.tlotr<rphie netlvi:t:r.r,. it ot.0.nd.o: t~ rsu.so,11 tl1at t.hir! 

1.atltol:" OC<:ltl'.I' O,t too O~i:c'll'iti~ of: U'l(r u.dranot,.r,;:;pb.i,o $\C'ti'lfitJw 

si~,U 

.~. ftinotion tho hti:h po~1l~.t.d .. on 1,d:ft1 its: !nh,3rr:~:nt otr~sr:ca,. 

it, trut!l}8 lln nni'lXl..nl to w~eut1b dcpsnil.o upon tti,:;i ll!:&Vc'.Jrlty 

~, !'.!h.tr~ti.011; c,t a;pi:ilicd. st~~:12.,,,. Thuac,,. i.n a: populntio.n 1-1tie1h 

·ri:)in'<~tll;.l:Si' tt m o. bd,et t!:ne:1 1:•toc«i1;1tuu.nr,· strc.n-cart t-tauld ·~ -moro 

n.:etd:,~l1r i!Isv:e<lo:pod and their ,app.11.enti!l'll ~'Gl-C :u1tf;:l'noa.1 ro~l:tir~ i:n :et 

more ®<l p:r'Qfmunoed ]?opula.tton d:en:t11. a popul~tiM d$'\fe,~'U~ 



~ ~1oull'.°fi the etrae:$Gff . !;nl)reruao: st Q slarror re:te.,, t1;."'ld are e.ppl:Le4 

ml))'~ grabll,y wtlich trm._d to nttsm.ata the fim1 collalJS.e (~B B.'!'lt 

s._;ve~ 1949) • 

N~ ~ the f'oego~ tlmol'i..GrJ tor the ca:use· of' ~1 JO!'Ulatton 

oy.el• he.a 'bof:m· tel!Jtcd mdcl" c~let-e,b' mtuml conditiions1,. ·'l'he 

~orts.s ha.~ been po1rtu1awd from l:tmted f'ield cbsel"'Vations1; ·~ 

,toulii nt>t. M ~!4~.:.ro1 tcd,. rt~ stu!l._v ffl1d 1mr!t~ttvititm ~a 'td 'b$ a~ 
tn th.to e~ or poptii,.tion fluctuata~ ~ i.,rw11s.t!gt:"tor ~ ta!~ 

ttV{t;'t'Y ol1::i11:i:1'.t. (J? l~tt"itret into ctJ!$id.~mt1on. n1a f>boertmf.imt mst ~ 

.a. length ,Cit time ~d n ltir~, omrurJl 1..~t! ·M°ett to t-:lvn ~~:r.t~ 

~,Jau1ts:.. Tbt."S::J 'b.1;.."0 tactol'S 1.npose; pr3blewl tb2t trill ~r~ the 
/ 

bJ ~ O'll':ti'i:' G: l~~li.y i,eriod of t.!.m~ anti cover part of· Ala,$;!~.;_ anr1 the, 

·':lukon,, :It is llo~ tl:1...,t Wt>twttion gt;tttn:1 :Prom ,~hi.a ~Ud.j" uil1 m~ 

tm queztlfln for tlw ·0$tuso or eyel,S.o fluetmti:.!om in a."11.'llt.\l Jovul.at~+ 
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