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wor k has a risen f rom a n in t.orcst ill e-xtending the 
con cepts of tho s trnggle f9f exi s te nce p ut fo rw a rd 
us a n evolut iona ry mech a nism by D arwin pra e ­
t ieally a ce nt u ry ago. S uch wor k, of which Lack 's 
recen t contrihu t ions provide a di s tinguish ed ex ­
a mple , te nd s to concentrate on rela t ively s table ' 
in t erac t ing popula tions in as und isturbed com - ' 
mun iti on as poss ible . An ot her fer til e field of re­
se a rc h has b een pr ovided by the sudden increa ses 
in nu m ber s o f destructive a nima ls, ofte n a ft e r 
introduction 01' d is turbance of nat ur al envi ron­
m en ts. He re mo re th an one point of view h as been 
appare nt. W her e emp ha sis has been on b iologi cal _ 
co ntrol, t ha t is , a conscious rebu ild in g of a co rn­
p lex biologi ca l as soc iation , a vi ew po int n ot un­
like t hat of t he evoluti on is t has em erged-whe re 
emp hasis has heen pl a ced on t he actua l events 
leadi ng t o a ve ry st riking in creas e or d ecr ease in ' 
a bunda nce, given th e im m ed ia te ecologica l co n ­
d iti on s, t he la t ter have appeared t o be t he most, 
s ign ifica nt variables , Labor a tor y wo r ke rs ha v e 
m or eover tended to keep a ll b ut a few fac tor s 
con stant, a nd to vary these few sys tema t ica lly, 
Field wor ker s have tended to em phas ize th e eve r 
changi ng na ture of th e envi ro n me nt. I t is abun ­
d a ntly clear tha t a ll th ese poi nts of view a re 
necessa ry 1.0 oh tuin a co m plete pictu re . It is a lso 
very lik ely that t he diff eren ces in ini t ial po int of 
v iew a re oft en respon sihl e for th e d iffe ren ces in 
the in te rpretnl.ion of t he d ata. 

T he in iti:l.1 d iA 'erel\ ce~ of poin t of view a rc not. 
t he only d iHieulty . I n th e fo llowing sec t ion a n 
analys is of a mthe r for mal kin d of on e of t he 
concepts f req uent.ly llsed in a nima.1 eco logy, 
namely that. of t he niche, is a t temp ted . Th is 
a na lys is wi ll appear to some as compounded of 
equa l parts of th e ohv ious and t he obscu re . Some 
p eople h owever may find when theY,have wor ked 
th rou gh it , provi de d th at it is co rrect, th a I. som e 
rem ova l of ir relevant difficul t i e ~ ha s heen a ch ieved, 
It is n ot Ilf·ccs.sa ry in a ny em pirica l scienc e to 
keep an ela ltllra te l og i ( ~o lllat hem a t ica l s y~tcm 

a lways a p parent , a ny m or e t ha n it i:; ne('essary 1.0 
kecp a \'a eUUIll cleane r cOl l5picu ously in the m id ­
o le of It room HI. all ti m es . When a 10 1 of irrelc\ 'lln t 
lit l.e r h a..~ accumula teo l.he ma ch ine mus t be 
b roug h t out, used, a nd then put a wa y . I t m igh t. 
he useful for th ose wh o a rg ue that th e word en ­
vi ro n ment should refer to th e en vironmen t of a 
p op u la t ion , a nd those who co ns ider it should heen 
th e envi ro nment of a n organism , to usc t he wo rd 
bo th \\'ay i' fo r a c'oup le of months, wri ting " ell ­
vi ro llme nt" wh , ~n a sing le indi vidual is in volved , 
"Env iron ment" when refer ence is to a pop ulat ion . 
In what fo llo ws the ter m will as fa r a s pos.~ih le 

1I 0t be used , exr, ~ pt . in th e non-com mittal ao jec ­
t.i val fo rm e n vironmen t a l, mea nin g I1,ny pr opl'l'ty 
out ,,; ide th e orga nisms un d cr co nsid emt.ion . 
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Nic he space and biotop sparr 

Cons ide r tw o in ocpend ent. en viro nmout a ] vuri­
ables X I a nd X 2 ;vhic h ca ll be measured a long or ­
d inary rec tangular coordi na tes. Le t the limit inz 
valu es pe rmi tting a species 8 1 to surv ive a nd r c~ 
produce be respecti vely 2: ' , , /' , for XI a nd :c', 
2;", for I2 . An a rea is thus defined , ench poin t 01' 
whi ch corresponds to a pos"ihle onv iro nmen tn ] 
s ta te permitting th e species to ex is t ind cl illite ly . 
If th e varia ble>; a re independ en t in th eir net-ion on 
t he sp ecies we may regard this a rea a s the rpd angle 
(X l	 = 1/1, z , = X " l ' £2 = x':?, .1': = :e" 2) , but 
fa iling su ch independ ence the area will exis t 
whatever the s ha pe of its sides. 

We may now in trodu ce ano t he r varia ble .r" a nd 
ob tain a vo lu me , a nd then furth er vari a b les 
z, ' , . In un til a ll of the ecologica l fa ct ors relutivo 
t o S I have been co ns id ered. In this way an n-di- ,</ 

m ensio nal hypc rv olurne is d efined , every poin t in 
which cor res ponds to a s ta te of the en viron ment. 
whi ch wo uld p er m it. t he species .)1 to cx ixt in ­
d efini tely . For a ny spec ies S I , t h is hy p erv olurnn 
Nt wi ll be ca lled the [undamenial n id7 "~ of 8, . 
Simi la rly for a second species 8, the fundamen tal 
niche will he a sim ila rly d efined hyperv olu me 
N, . 

It will he a pp a rent th a t if this p rocedu re co uld 
b e ca rried ou t, a ll X " variahles , ho th ph ysical and 
biologi <:al, heing eonsidered, th e funcl a nwn tal 
n ich e of any species will completely defin c its 
eco logica l proper t ies . T he fund amenta l niche d e­
fin ed in this way is merely a n a bs t ract fo rm alisa ­
t ion of wh a t i ,~ u sua lly mea nt by fl U eeo!ogica l 
n iche, 

As so d efined t he fun damenta l ni che m ay be 
regard ed a s a se t. of p oin ts in a n a bst rnct TI-d imcll ­
siona l N spa ce . If t he ord inary ph ysi cal ~ Pll ( 'C B 
of a given bi ol,OP he con side red , it. will he a pparen t 
t ha t, a ny poin t p (N ) in N ca n cor ('( ~" pond t o a 
n um ber of p oin t.s p . (B) in B , a t eneh on e of whid l 
t he cond it ions spec ified by p(N ) arc rea li::;ed in B. 
Since t he va lue s of the en v ironment.a l va ria ble;.; 
2; , X 2 . . . X n a re like ly to vary ('ont inuollsly, a llY 
suhset. of poin ts in a sma ll eleme n ta ry \'o illme 
~N is lik e ly t.o cor respond t o a number of ~ma ll 
elemen t.a ry volumes sca t terpd a bout ill B . Any 
vo lume B ' of the orde r of th e di m en sions ('If th e 
mean free pa t.hs of a ny a n ima!.'> u nder ('ousidera ­
t io ll is lik e ly to co ntain poi n ts ror respondinv; to 
po ints in various fund amen tal nich es ill N . 

Since B is 11. limi ted vo lume of ph ysical span: 
comp rising the b iotope of a definit.e colJel'l ion oj 
::;pec ies 8 1 , S, , , . S" , th er e is no reas on why a 
given point in N shou ld correspond to a ny po i n .t~ 
in B . If , for any spec ies S, , t he re a re no P Oil l t~ I II 

2 Thi< INm i$ du e (.0 :'>1a c:\ rl hil I' TIo" gCllend rOII<:"p L 
h ere tleve l(J pf~d WU .~ fi r~ l - p u t fo rw u l'tl vc-r." b r\fdl y i n : 1 

foo t llll l" (Il ll tc hin, o ll . 1!IH ) . 

B co r res pondi ng to a ny of the po ints in N , , t he n 
B will be sa id t o be inco ncplelc rcl utive to 51. If 
some of the po ints in N 1 are represent ed in B the n 
the la t t er i~ pl/rtilllly in com plet« rela tive to 8 1 , if 
a ll t he point" in N I nre re presented in B th e la t te r 
is com plete re la t ive t.o ,,,', . 

L im itat ion s oj the set-theoreti c mode oj ex pres­
«ion: The foll owing restrictions a re im posed by 
1h i" m od e of d esc ription of t he nich e. 

I. It is su pposed t ha t a ll points in each Iunda ­
m e ntal nic he im ply eq ual prob abi lit y of persis ­
t nuce of the species, all p oints o uts ide each ni ch e , 
zero prob a bili ty of su rvi vul of the rel ev a nt spec ies , 
Ord iuuri ly ther e will how ever he un opt ima l part 
of the nivhr- wi th markedl y su bop t ima l cond it ions 
ncar the bo u ndaries . 

2 . It is a ;.sumed that a ll euviroume nta l varia ­
b les ca n h e lin early ordered . In the presen t s ta te of 
kllo \\' ledl!:( ' th is is obvio usly 11 01 possib le . The diffi ­
culty present ed hy lineal' ordering is a nalogous to 
t he d ifficu lty present ed hy the o rderi ng of de ­
~r ees of b elief in non -I requcn ey th eo ries of pro ba­
bili ry. 

;1. The m od el refers to a s ing le iustunt of t.ime, 
:\ noctu ru a l an d a diurnal species will appear in 
q uite sepa rate nich es, eve n if th ey feed on th e sa me 
food , have the sa me tempe ra i u rc ra nges etc . Simi­
larly , m ot ile spe cies m ov ing fr om one part of the 
biot op t.o a nother in per f'orrnau re of d iffer en t 
Iunc t iou s may a pp ea r 10 co m pete , for exa m p le, for 
fOlld , wh ile their O\'erall fundamental niche :; 
a re separated by F t rik i n~ ly d iffer en t reproductive 
requirements. In suc h l'a~es l.he nich e of a speeies 
may perhap~ eonsi~t of t.wo o r more d iscr et.e hy­
pel'\'olurnes in N . :VI tll,Ar th li r prop osed t.o cOllside r 
a mo re reslric ted n ic'he desnihi n!! ou ly va rinb les 
in rcla t.ioll t.o wh ieh competit ion act. ua lly oe('u rs . 
T his ho", e\' er ooes 1101 a holi"h the di fficul ty . A 
form al melhod of avoid ing the oi ffindty migh t be 
deriv('d , in \'oh-in v; proj ec,t.ion on t o a hypersp ace of 
I Cb~ t han n-dimcn s ion ~ . Fo r the purposes for which 
t lw llJod el i~ devised , Ila mely a t'lar itkn. tion of 
n iehp-spel' ifil' ity , this ob jec t ion i-; l es ~ >;er ious 
th a n miv;ht at first h(l sllppo.~ed . 

-:I . Onl y a fel\' :>pceies a re to be eo nside red a.t 
IIIH'e, so th ai :tI' '' l r:w lio n of t hese makes littl e d if ­
fprene e to t he whole l'om m u nity . In terar t.ion of 
a ny of Ih e ('on ~ i dl'r<'d s pe('ies i ~ 'r('g:Lrded as ~om ­
pf'ti t.i\'e in sen:>e:2 of Bi rch ( 1957), nega ti ve r om ­
pptit ion h ('i n~ pe rmis, ib le , I,hough not. ('on,;id cred 
h('re . :\ 11 spe<'ie ~ ot he r th rtlt 1h ose u nder cll n~i ocm­

li on a rc rcga n.l('d ..,., part of th e ('oordi na t-e sy stem . 
TerlllillOlorl!1 of ." d",,·l ,~ . 11' N I a nd N 2 he 1,\\' 0 

fllndamPIII:i1 ,til'h e" th e'v lllaY eithe r hav e 11 0 

point " in ('O,nl llllll in wh i..h e: l~e Ih ev a re said t o 
hI' ,,,'palo /f', or they ha\'(;' poi n ls in eo mmon a nd a re 
,.,:t id 10 in!t','"rc!. 

[n th (' Intt ('r ( 'a ~(' : 

(N, - N ,,) j" th e "ub~e t of N I of po in ls not in N , 
(N, - N I) js t Il<' bnh,pt of N ~ of poin t.' not in N I 

N i : N 2 is t he subse t of poin t" com mon to N , a nd 
N 2 , a nd i, a lso refer red to as t he intersection. subset. 

Defini tion oj niche specificity, Volt erra (l92u, see 
a lso Lotka HI:{Z) dem onst rated b y ele men ta ry 
anal y ti c m ethods t hat und er co nstant. cond itions 
two sp ecies utili zin g, a nd limi ted by . .. co m mo n 
resource ca nn ot coexist. in a limi ted sy ste m .' Win ­
so r ( 111:34) by a s im ple but e lega nt formul a t ion 
showed th at such a co ncl usion is independ ent. of 
a ny kind of fini t e va riations in th e lim it ing re­
so urce . Gause (19:'\-:1 , lin» con firmed t h is general 
conc lusion ex pe rim entally in th e se nse th at if [he 
two spec ies a re forced to com pe te in a n un d iv ersi ­
fied e nvironm ent one ine vitab ly becom es ex t inc t .. 
If th er e is a d iver sihca t.ion in t he system s o tha t 
some parts fa vor one species , ot he r par l.s th e 
ot her , the two spec ies ca n coexis t . These find ings 
ha ve been extende d a nd generalise d to th e conclu ­
sion t.ha t two s pe cies, when they eo -occ u r , mu s t in 
borne se ns e be occupy ing d iffere n t nir .hes . T he 
p resent wr ite r bel ie ves tha t. prop er ly sta ted as a n 
em p irica l genera lisation , whi ch is true excep t in 
cases where ther e a re goo d rea son s no t to expect 
it to be true,' th e pri nci ple is of fu ndamen tal irn­
port an ce a nd m ay h e pr operl y ca lled t h e Volte r ra ­
Gause Principl e. SOllie of th e co uf usi on s urrou nd ­
jllg the p rincipl e h as a rise n fr om th e con ce pt of 
tw o spec ies not bein g a b le to co -occ ur wh en th ey 
occupy id eut.ica l nich es, Accord ing to t he Iorm uln­
t ion giv en ab ove , id r·nt ity of fun d am en tal ' Ii<'h e 
wou ld im ply N , = N z, that is , eve ry p oin t of N 1 

is a member of N , a nd eve ry p oin t of N , a mem bel' 
of N I . If t he tw o spel'ies .)1 :ln d S2 a re indeed 
valid spe ciet' di st.ingu ish ahl e by 1I sys l. emat i ~ t and 
no t freely inter breed illll;, th is i" so u nlike ly t.ha t. the 
case is of no emp irica l in t.('J'( " i.. In t erms of the 
se t - t. heo l'(~t i(' pr esenta t ion , what the Vo lte rra­
Gau"e principle meaningfull y s ta tes is t.hat for 
a ny s ma ll cleme nt of th e in ter ,,;eet ion s u h~e t. 

N I · N , , t.he re d o not exist in B eOl'res pond ing :;ma ll 
pa r t.s , som e inh abi ted by SI , othe r,; by .) , . 

O m itt illg t he (Iuasi-t.tlutotogiea l case of N, = 
N , , t he followin g cases ea n h e di stingui sh ed . 

( 1)	 N .! i ~ a proper su bse t of N, (N , i., " ins ide" 
Nil 
(a )	 l'o m pe ti tion pro(' eed ~ in 1'<\\ ' 01' of .) , ill 

a ll th e ele rn en t.~ of B co rre spo ndi ng to 
N I ' N ~ ; giv en a d eq ua te time only .s, 
~u l'\ ' i ves . 

(h)	 compet it ion procee d,., in f ~l\-o r of S ~ in 
a ll elemen t.s of B corres po nd ing to ~o me 

pa.rt of th e inte r"eetion s ub:>ct lind h ot Ii 
,;pec'ie'S ~u l'\'i \ · e . 

(2)	 N I · N ~ i,,; a p ro per ,.,ub"e t of hoth N I a nd 
N z ; 5 , s lIrv ives in the pa rts of B spa('c 

' I t e!:f( ·t t h a I I lI l1l Iln uhl e t o u p p"ep iu te I3riull 's 
co n(.elltio n (1!J5G) ( hil l (h e Vo l te rru morlel rc rcr~ O Il J ~' 
t o ' "(' I'fe renc(' , and the Win sor mode l (.0 ,, ~p lo i ' :Il 'o ll . 

I (:{ . ~rh r(l( li ug~ ! r· J1. £JL II IOll "l r('~t a t e n) t ' lIt o f :\' ('\\' Ion ':., 
F i l";-..! L,t\\' o f :\.lo t io u . I ha l U htHh ' I }(' r :-; c vel' l' ~ a t n ~ :-.l 
or in lIrli ro rm ' Holi ol l in n. n ~h [ li nf>, c v 'upl " h e ll i t 
d Of> sll 't .	 . 
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correspond ing to (N I = N 2), S2 in th e parts 
corr espond ing to (Nt = N I ) , the events in 
N1 = N2 being Il5 under I , with the proviso 
that no point in NI ' N2 ca n cor respond to 
th e survival of both spec ies . 

In this cas e th e two d ifferen ce subsets (N1 ­

N,) and (N, - N I ) a re , in Gause' s terminology, 
refuges for S , a nd S 2respectiv ely . 

If we define t he real i:;ed niche N /, of S, in the 
presen ce of S, as (N, - N2) , If Jt exis ts , plu s that 
part of NJ ·N, as implies su rv iva l of SI , and simi­
larly the realised niche N '2 of S2 as (N, - N I ) , if 
it exis ts , plus that part of N t ·N t corres ponding to 
surviva l of S 2 , th en the Volterra -Ga use principl e 
is a statement of fin empirica l gen eralisation, 
whi ch may be verified or falsified, that realised ] . 
niches do not intersect. If the gen eralisation I 
pr oved to be universall y fal se, th e falsification 
would presumably imply th at in nature resources 
are never limiting . 

VaJidily of the Gause-Volterra Principle. The 
set -t heoret ic approach ou tl ined ab ove permits 
cer ta in refinements whi ch , however ob v ious they 

. may seem, apparently require t o be st a t ed for ­
/	 rnally in an unambiguous way to prev ent further 

confus ion . This a pproac h however t ells us noth­
ing about the validity of th e principle, but merel y 
where we should look for it s verifi cation or Ialxi­
fication. 

Two major wa ys of a pproac hing the problem 
have been used, one ex pe rime n tal, th e other ob­
se rv a t ional. In the expe rime n tal approach, t he 
method (e.g. Gause , 19:14, 1935 ; Crombie , 19·15, 
1946, 1947) has been esse n t ia lly to us e animal 
populations as elem ents in analogue co mpute rs to 
so lve compet it ion eq ua t ions . As analogue com ­
puters, competi ng populations leave mu ch to be 
desired when compared with th e more conve n ­
tional electronic machi nes used for instance by 
Wangersky and C unningham. At best th e results 
of lab oratory population exp eriments are Qualita­
tively in line with theory when all th e environ­
mental variables a re well co nt ro lled . In gen eral 
such experiments indicate that wh ere a nima ls are 
forced by th e partial incompleteness of the B 
space to liv e ill com pet it ion und er cond it ions 
co rrespond ing to a small part of the intersection 
subse t, only one spec ies su rv ives . They also dem­
onstrate that the identity of th e su rvivor is de­
pend ent on the environme n ta l co nd it ions, or in 
other words on which part of th e intersection sub ­
set is considered, and th at when delib erate niche 
diversifieation is brought ab out so th a t at least 
one non-intersection subset is represented in B , 
two species may co-Occ u r indefinitely . It would of 
cou rse be most disturbing if con firm a t ory models 
could not be made from ac tual populations wh en 
co nside ra b le troub le is taken to co nform to th e 
postulates of the deductive th eory . 

The second way in whi ch confirmation has been 
sough t, namely by field s tud ies of comm unit ies 
cons isti ng of a number of a llied speci es al so lead to 

a confirma t ion of the th eory, but one whi ch may 
need some degree of qualification . Most work has 
deal t wit h pairs of sp ecies, but th e detailed stud ies 
on Drosophila of Cooper and Dobzhan sk y (1956) 
and of Da Cunha , El-Tabey Sheka ta and de 
Olivera (1957) , to name only two groups of in­
vestigators , the investigation of about 18 species 
of	 Conus on Hawaiian reef and littoral ben ches 
(Kohn, in press) and the detailed studies of the 
food of six co-occ urr ing spec ies of Porus (Betts, 
1955) ind ica te rem arkable cases among many 
co-occur ri ng spec ies of insects, mollu sks and birds 
respectively. H owever mu ch data is accumula ted 
th ere will a lmost always be unresolved questi ons 
relating t o part icular species , though the pre­
sum ptio n from this sort of work is th at, in any 
large gr oup of sy m pa tric spec ies belong ing t o a 
single genus or su bfamily, ca reful work will 
always reveal ecologica l diff eren ces. The scept ic 
may reply in tw o ways, firstly po inting out that 
the quasi-tautological case of N I = N 2 ha s already 
been dismi ssed as t oo improbable t o be of interest, 
and th at when a gr eat deal of work has to be don e 
to establish th e difference, we are ge t ti ng as 
near to nich e identity as is lik ely in a probabilisti c 
world . Oceasiona lly it may be possible to use 
ind irect arguments to sh ow that the diff eren ces 
a re at least evolut iona rily significant. La ck 
(1947b) for inst an ce points out that in the Ga la ­
pagos Islands , among the heavy billed species of 
Geospiza , where both G. fortis Gould, and G. [uliq i­
nosa G ould co-occ ur on an island, there is a signifi­
ca n t se pa ra t ion in bill size, but wh ere eit he r 
species exis ts al one, as on Crossma n Isl and and 
D a phne Island the bills are intermediate and 
presumably adapted to eating modal s ized food. 
This is hard to explain unless the small average 
d ifference in food size beli eved to exist bet wee n 
sy rnpa t ric G. forti s a nd G. [uliqinosa is actually of 
pr ofound ecologica l sign ifica nce . The case is par­
ticul arly inte res t ing as most earlier a u thors have 
dism issed the significance of th e sma ll alleged 
diff er ences in the size of food taken by the species . 
F ew cases of specific ecological diff eren ce en­
countered outsi de Geoepiza would appear at first 
sight so t enuous as this . 

A more important obj ecti on t o th e Volterra­
Gause principl e may be derived from the ext reme] 
d ifficulty of identifying compet iti on as a process 
act ua lly occu rring in nature. Large numbers of 
cases ca n of cou rse be giv en in wh ich there is very' 
strong ind irect ev ide nce of compe t it ive relation­
sh ips between spec ies actually determin ing th eir 
di stribution . A few exam ples may be mentioned . 
In th e B rit ish Is les (Hynes, 1!)(j4, 1955) the two 
most widespread species of Gammarus in fresh­
water arc Gammarus deulwni Lillj: and G. pulex 
( L.) . The latter is the commo n spec ies in England 
and most of the mainland of Scotland , th e form er 
is found exclusively in Ir eland, the Shetl ands, 
Orkneys a nd most of the other Scottish Islands and 
in Corn wa ll. On northern mainland Scotland only 

G. lacllstris Sars is found . Both deubeni and pules 
occur on the Isle of Man and in western Cornwall. 
Only in the Isle of Man have th e two species 

. been taken together. It is ext reme ly probable t ha t 
pulex is a recent introduction to that island. G. 
deubeni is well kn own in brackish water around the 
whol e of northern Europe. It is rea sonable to sup­
pose th at the fundamental niches of th e two species 
overlap, but that within the overlap pules: is suc­
cess fu l, while deulwlli with a greater tol erance of 
salinity has a refuge in br ackish water. Hynes 
m ore over shows that G. pulex has a bi oti c (re­
productive) potential two or three tim es that of 
deubeni so that in a lim ited syste m inhabitable by 
both spec ies, under consta nt cond it ions deubeni is 
bound to be replaced by pulex . This ease is as 
clea r as one could want except th at Hynes is 

~	 u na ble to explain the absence of G. deubeni from 
( va rious uninhabited favorabl e localities in th e 

hie of M an and elsewhere. Hynes a lso notes that 
St eusloff (1943) had similar experiences with the 
a bse nce of Gammarus pulez in various appa rentl y 
favorable German localities . Ue no (1934) more­
ove r pointed out that Gammarus pulex (sens. lat.) 
occurs a bunda nt ly in Kashmir up to 1600 meters, 

. and is an important elem ent in th e aqua ti c fauna 
of the T ibetan highlands to th e eas t above 1800 
mil es, but is quite absent in th e most favorable 
localities at intermedi ate a lt it udes. These dis­
conce rti ng empty spa ces in the distr ibuti on of 
Gammarus may rai se doubts as to th e complete ­
ness of the picture presented in H yn es ' excellent 
investigations . 

Another very well analysed case (Dumas, 1956) 
ha s been recently given for two sy rnpa t ric species 
of Plethodon, P . dunni Bishop, a nd P . vehiculum 
(Co oper), in the Coastal Ranges of Oregon. Here 
experime n ts and field observations both indicate 
that P . dunni is sligh tly less tole ra n t of low 
humidity a nd high temperature than is P. vehicu­
[um, but when both co-occur du nni ca n exclude 
vehiculum from th e best sites . However un der 
ord ina ry condit ions in nature thr - number of un­
occupied s ites which a ppea r enti re ly suita ble is 
cons iderable, so that com pet it ion ca n not be limit­
ing except in abnormally dry yearn . . 

In both th ese cases, which are tw o of the best 
analysed in the literature, th e ext reme proponent 
of the Volterra-Gause pr incip le could argue that 
if th e investigator was eq ui pped with th e sensory 
apparatus of Gammarus or Pleihodon. he would 
know that the supposedly su itable un occupied 
sites were really quite un suitahl e for any self 
respecting member of th e genus in qu estion . This 
however is pure supposition. 

Even in the rather consp icuous case of the in ­
troduction of Sciurus earoliniensis Gm elin and its 
spread in Br itain, the popular view tha t the had 
bold invader has displaced the cha rm ing native 
S . oulqori« lR-tU:ounls K err, is a ppare ntl y mytho­
logi cal. Both spe cies are persecuted by mnn; S. 
carolinien.~is seems to stand this persecution het­

ter than does the native red squirrel and therefore 
tends to sp read in t o unoccupied area from whi ch 
S . vulgari s lew::ourus has earlier retreated (Sh orten, 
1953 , 1954 ). 

And rewar t ha (see a lso And rewa rt ha a nd Birch , 
1954) has st ressed the app arent fact that while 
most proponents of the competitive organisation 
of commu ni t ies have emphasised competition for 
food , th ere is in fact no rmally more than en ough - ­
food pr esent. This appears, incidentally. m ost 
st rik ingly in som e of Kohn's unpublished data on 
th e genus Conus. 

The onl y co nc lus ion that one can draw at. pres­
ent from the observations is that although animal 
com munit ies appear qualitatively t o he r-on­
structed ns if com pe t it ion were regulating t he ir 
structure, e ven in the best studied cases there are 
nearly al ways difficulties and unexplored possihili­
ti cs . These difficulties suggest that if compet it ion 
is determina t ive it either acts intermittently, as in 
ab normally d ry seasons Ior Plethodon, or it is a 
more subtle pr ocess th an has been supposed. Thus 
Lincoln B rower (in press) investigating a group of 
spec ies of K ort h America n P apilio ill whi ch one 
easte rn polyphagous sp ecies is replaced by t h ree 
western oligophagous species , has heen impressed 
hy the lack of field evidence for any inadeq uacy in 
food resources . He points out however, that 
specific separa ti on of food might lower th e proba­
bility of local high density on a given plant, and 
so the risk of predation by a hird that only s to pped 
to feed wh en food was abundant (cf. de Ruiter, 
1952). 

Unf ortunately there is no end to th e possihl e 
erec ti on of hypothesis fitted to particular cas es 
that will bring th em within the rubric of increas­
ingly su btle form s of competition . :,o me ot he r 
method of investigation would clearly be desirable . 
Before drawing attention to one such possibl e 
method , the expected limitations 0<" th e Volterra ­
Gau se prin cipl e mu st be examined . 

Cases where the Volterra-Gause principle is un ­
likely to apply. (a ) Sk ellarn (19.51 ; see also Isria n, 
1956b) has co nside red a model in whi ch tw o species 
occu r one of (SI) mu ch lower reproductive poten­
tial than th e other (S. ). I t is assumed that if 
S , a nd S. both a rrive in an elem en t of the hio­
tops S, a lways displaces ':" , , hut that excess ele ­
ments a re a lways available at the time of breed­
ing a nd dispersal so that some a re never occ upied 
.'3•. In view of th e higher reproducti ve poten t ial, 
S , will reac h some of these and survive . The model 
is primarily applicable to annual plants with a 
definite breed ing season , rand om dispersal of 
seed s and complete seas ona l mortality so all sites 
are cleared before th e new genera tion sta rts grow­
ing , Sf is in fact a lim iti ng case of wh a t H utch in ­
son (11.151, 1953 ) called a ( \l~c _;;~j es wh ich 
could only be esta blished in random ly vacuted 
eleme nts of a biotop , Sk ella rn's model requires 
clearing of sites by high dea th rate, Hutchinson's 
qualitati ve statem ent a formation of transient 
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s ites by rand om sm all vatustr ophes in th e bi otop . 
Ot he rwise the t wo concepts develope d ind ep end­
en t ly a re ident ical . 

(b) Wh en compet.it ion for resources becom es a 
con tes t ra th er than a sc ra m ble in Nicholson's 
nunurable termi nol ogy , tt lef"e-is a theoret ical possi-" 
hility th a t th e principle m ight not a pply . If the 
breed ing p op ula ti on be lim it ed by t he number of 
territ ories t hat can he set up in a n a rea, an d if a 
number of unma ted indiv idu al s without breedi ng 
te rritory a re present , food being in excess of th e 
overa ll requireme nts, it. is possib le tha t. territories 
co uld be se t up by a ny sp ecies entirely ind ependent 
of th e ot her spec ies , t he territoria l con tes ts bein g 
co mp letely intrasp ecific . Here a res ource, nam ely 
a rea, is li mi ting but since it d oes not ma tter t o 
one species if anot her is us ing t hc a rea, no in te r­
s pecif ic com petit ion need result. K 0 ease a p pears 
y et to be kn own , t ho ug h le-s ex t re me mo d ifica ­
t ions of the id ea jus t pu t for ward ha ve a ppa rently 
been held by several na tural is ts . Dr. R obert 
MarArt hur ha.~ been s t udying a num ber of sy rn ­
patric species of America n war blers of the genus 
Dendroica which mi gh t be exp ect ed to be as likely 
as a ny organi sm to sbow th e phen om en on . H e 
finds however ve ry st riking ni ch e specificity among 
spec ies in habi t ing th e same trees. 

(c) The v ariou s cases where circ um stances 
cha nge in tlu- biot op reversi ng t he direction of 
co m pe t iti on before t he latter has run it.:> cou rse . 
Ideallv II ' P lIlav f'on sidl~r two ex trl'Jne cases wit h 
regard t o the erred. of cha n!!;in ll; wca t he r a nd sen ­
~o n Oil co m pet ition . In nutur:d p opul a tio ns liv ing 
for a time under co nd itions s im ulat ing th ose ob ­
t.ain ing ill la boratory c ul t ll rt~ in a th ermosta t , if 

, th e com pct il ion time, th a t is , t he time need erl t o 
pNmi t re placf' mcn t of one species by a no ther , is 

:' \'e ry s ho rt r ompa red with th e peri od s of the sig ­
ni ficant en \'l ro n men ta l va riables , t he n ('om p le te 
replacem ent \\'ill occu r. Thi s ca n on ly happen in 
ve ry rnpid ly breeding orga nisms . Proctor (l 95i ) 
has found that \'nrlous gr een a lgae a lways replnce 
HarmalococClls is small bo dies of water which 
ne\'e r dry up , t hOllgh if d e~i (: ca ti on and re fill ing 
oce u rfre q nc ntly enough the Hacma.{ococclI.s wh ich 
is m ore druught. f(~sis t :I nt th an it s competitors " 'ill 
pAr"ist inde fin itely . If on th e con t ra ry th e compe­
t it.ion t im e i", long compared wi th th e en viron ­
ment al periods , t he n th e rele\·an t. envi ro nmenta l 
d eterm inants of competi tion wi ll tend to he me a n 
clima t ic parameters , sholl' ing bu t ~eru l a r t rend" in 
m O'it cases, a nd compet iti on wil l ine \' itably p ro­
ceed t o its e lld unl ess so me q uite eXl'ept ion al e"e nt 
int en·en es ." 

, ][ I here were renlly t.h ree ' l'e6rs o r I1P ,nl I,or lo ;,e 
(Ilo t !t,(" hi ld, 101·S) o n TIotl r;jl;lIe " , a nd ('Ven more o n 
l\'luurili u:-> , Hnd ir tl u':..; (· " t' re ~.'" m p ft l nr an d du e t() n111 I ­
t.i r 1e ;"" "";011 ( Ll n like Ih e rIlep , on Albem flrk in th e 
C uln pajl;o, b lan (.b ) i l i, .iLl" t conef' iva h le th a i i he por Ll ­
1:\( 10n j!ro" (h W :l :--. :-;0 Jo' lo\\" I.ha l mixpd popu la l j n Il ..... P fl" 

:-: i:-: lf>d fnr (' ( ' ldnr i l' ''i an d th a l t h e ('orn p le li< JH o f C01o pe 11­
r iu n llatl n o t o('('llr rf'd 1,p f ll l f' IIl a n f':\ t (l l'm illll \f..'l i flll th e 
:-:1l(" {, l0 ~ 1I 1vo h:('d . 

H CT C!U:\ :';U:\ 

Between th e t wo extre me cases it is rc usouuble 
t o suppose that th ere will exist numerous ca ses in 
which t he d ir ecti on of «om pet i ti on is nev er 
constant enough t o all ow el imi na ti on of one com- " 
peti t ur . This seems likely to be th e CllSe in the , 
au to t rophic plankton of lak es, which inhabi t s a , 
region in wh ich t he sup ply of nutri ents is almost 
a lway s m a rk ed ly sub opt ima l, is su bj ect to co n-: 
ti nual sma ll changes in tempera tu re a nd light in­
t ensity and in wh ich a la rge number of species 
may (H utchi nson, 19·U , I 9c1c1 ) coex is t. ; 

Th ere is interesting evid ence d eri ved fr om th e 
imp ortan t work of B ri an (j %lia ) 0 11 a.nts that the 
comp letio n of co mpe t it ive exclus ion is less lik ely 
to occ ur in scral than in climax stages, which 
m ay prov id e cornpurable ev ide nce oJ t he effec t of 
environ me nta l cha nges in competit ion. M oreov er 
wheneve r we find t he type of situa t ion d esc rib ed 
so persuasiv ely by Andrewa r tha and B irch ( 195c1 ) 
in wh ich tbe major limita ti on on numbers is t he 
length oJ t ime tha t. meteorolog ical and other 
co ndi tions are ope ra t ing favor ably Oil a species , 
it. is reason a ble to s upp ose tha t. in te rspecific tom ­
p et ition is 110 more important than intrasp ecifi c 
competi tion , Much of th e a ppa rent extrem e dif ­
feren ce be tween the ou tlook of , for instuur e , t he'e 
investiga tors , or for t hat m a tte r Milne on th e 
one hand , a nd a wr it er su ch a , Lnrk ( 195c1 ) on the 
ot he r, is d early d ue to th e re lnt ionsh ip of genera ­
t ion time t o ' t'asona l cyc le \I'h il'h dille r.s in th e 
i' ISCCtS and in t he b irds . The fu ture of animal 
eco !og;y n ,, (s in a rea li'a ti on 1101. on ly t ha t d iffer ', 
en t a n imn b ha ve diff erent autel' ologie>; , bu t a l"o 
t hat di l·re re n t ma jor groups lend to ha ve funda ­
menta l si m ila rities and diff er en ees parti( 'ularly in 
their broad t emporal relation sh ip " . Th e exis te nce 
of the resem bla nces m oreo ver may be qnite un ­
sus pected a nd must be d e t.ermi ned em piriea lly , In 
a no t he r p lace (H utehiuson , HI:) I ) I ha ve ,lssem ­
bl ed su eh ev idente as ex is t.s on t he fresh\\'a t er 
eop ep od a , wh ich see m t o be remiuis('('lll of b irds 
rathe r thHil of phytoplank t on o r of tcrrestria l 
insccts in the ir l'om peti t ive rela lion~h i ps , 

It i ~ a lso im p orta ll t t o realize , as C ole h as ind i­
cate d in th e introductor y 1'0ntribu tiOll to this 
Sym posiu m , t hat the m er e fa d th a t th e ' a rne 
spec ies are I!>;ua lly com mon or ra re over long 
p er iod .s of t ime and that wh er e l'ha uge.s havc heen 
obse rved in we ll studied faun a~ such :i ~ th (' Kr il i, h 
b ird s or butterAies th ey ra il usua lly IJP a ttributed 
to delinite c ll\ ' iron me nta l ('a use~ in il ,t, lf ind i­
ra tes 1.hat t he random ad ion of lI'eathcr on gen era­
t.ion is alm o.~t never th e who le story . Sk (,llam's 
d em ollstmtion t ha t such act ion must I('[\d to fina l 
ex t in l't ion Illn .st he bo rn in m in d . It i5 q u it e pO"""i­
b le t ha t t he " ha nge in Ih(' phytoplallkt on of ~ lJ! lIe 
of t he I(':\" t l'll!turallv in[l!u'lu't'cl of th e Engli,h 
Lakes, ;;ul'b ns th e d~ sappc[\ rn n( ' (' llf Nln'zo8u[,'1I1tl 
fr om W:1,twnl er ( I\.'a r':\ ll , I ~):~ :! ) , 111 11Y prO\'id e 
a ('a se of rnlldom c'( l illt'ti " n Illld f'r ,'on ti nll nllY )"1'­

\ 'f'rsi ll ~ " Oli l!)(' l iI iOII. Thl' gl'lu'r aJ 1,\' ide lH'(' "I' 
rOllsiderablr .'ita hi lit y llndl'r 1ll 0~t I")) l(lit i'>1 'S 
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would sugges t tha t compct it rve uc t.ion of so me ex t-opt th at th ese differ ent speci fic bi ot.ops are 
so r t is nearly a lway s of sig ulri-uucc. taken a,~ v olum es prop orti onal t o N, N 2 . . . N " , / 

Uaril!J and commonness of species and the non­ whi ch is a justifiable hrst ap p rox ima tion if th e \1 
int ersccuon of real ised niches . Se ve ra l ways of species ar e of corn pa ra hlc size a nd physiology . In .'/." 
a pp roac hin g the prohlem of the rarity a nd «om­ gen e ral some of 1he spec ies will be rare a nd "orne 
rnou nc- s of species have been suggested (F isher , co m mo n . T he s im plest hypothes is co ns isten t \\ ith 
C or be t a nd Williams, J9c1:l ; Pres ton, J9c18; Bria n , this , is that H ra ndo m d ivision of B b etw een t.he 
195:3; Shin ozaki a nd l ' ru t a , 1 !J5 ;~ ) . I II a ll t hese spec ics has ta ken pla ce. 
a p p roa cbes relat ively s imp le sta t ist.icul di stribu ­ Co nsi de r a line of fin it e len gth . This may be 
tion s ha ve been lit.t ed to th e data , wit ho u t any brok en a t random in to n parts by t h rowing (n - 1) 

-'.0 at te m p t being made to eluc ida te the biologi ca l random p oint" upon it. It would a lso be poss ibl e 
meaning of such d istribution , R ecently h ow ever to di vid e th e lin e successively by throwin g II. 

MucArthur ( 19.57) h 1L;; advance d th e su bject by rand om pairs of poin ts upon it. In th e lir s t 
d edu cin g the con sequen ces of certain alterna tive case th e d ivi si on is in t.o nou -ovcrlappiug sec tio ns, 
hypotheses which rail he developed in te rms of a i ll th e second t he sec t ions overlap, M ncA rthu r , 
formal theory of n ir-hes . whose p a per ma y he cons u lte d for refer en ce- to 

It ha s been pointed out ill a prev ious para grap h th e rnnthern atical p rocedures invol ved , has giv en 
tha t t.he Volterra- Gause principl e is eq u ivalent t o the ex pec te d di stributions for th e d ivisi on of a 
a s ta tement that t.he rea lised nich es of co-occurri ng line by th ese a lterna t ive method s (F ig. 1) . He has 
spec ies n re nO IJ -ill ter~~t i ll g: Co ns ide r a B space m oreover sh ow n tha t with ce r tai n restric ti ou s th e 
con ta in ing an eq ui lib rium co m m uni ty of n spec ies d ist.rihution (I ) which cor resp ond s to non -int er­
S, S, . . . 0", represented by number , of in­ sec ting spe cific biotope and so t.o n ou -in tersec t ing 
d ividua ls N , N , ' . . .v~ , For a ny sperie-, 8 K it realised ni ch es , fit s ce rtain rnulti sp eciii c b io log i ­
wi ll be possibl e t o id en tify in B a n um be r of ele ­ ca l assoc iat ion>; ext remely well . The form of th is 
ments , ea r-h of wh ir-h correspo nds to a whol e or di s tribution is independent. of the nurnh er of 
part of N 'K a nd to 1I0 othe r pa rt of N. S up po se dimen si on s in B . The a lte rnat ive d istrihut.ion wit h 
tha t a t a ny give n moment enr-h of these c leme n ts overla p ping spe ci fic hiotops pred icts fewer 
ig occu pied by a s ingle ind ivid ua l of .)K , t he t otal spec ies of interm ediate rurity a nd mo re of g rea t 
v olume of B whi ch ma y be regarded as t he specific rarity than is act ual ly fo und; p rec ed ing from th e 
biotop of SIr will be N I( t.B (SK), t.B (811 ) being lillear ease (1I ) , t.o divisi on of a n area 01' a vo lu me, 
the mean volume of B occupied by one indiv idn a l accen t uates t.his di;;nep :\IIcy . Tw o ve ry s t r iking 
of SK . Sin ce the hiotop is in eq uilih rium w ith l';lSeS in \"h ieh di st.ribut ion I fi t.~ hi ologi cal multi ­
re ",pect t o t he n spe(' ies present, a ll p ossible ~pa ce~ spec iri c p opul a ti ons arc gi ven in Figures 2 and 
will be filled so that :1 from MacArt.hur and in Figure cI fro m the re ­

('e n t st ud ie~ of Dr. Ahll Kohn (in press\ . B = LZ~ I N Kt.B (8K) 
The lim it at ion wh irh is imp osed by th e theory 

W e d o not kn Oll' a ny thi ng (l priori abou t th e d is ­ is tha t in a ll large ~u bd i \' i s i o n s of B t.he rat io of 
tribution of N, il B (S,) , N, il B (S.,) , .. ,-V"t. B(S.) , total number of ind iv id ual " (Tn = L ;= 1 N ,) t o 

52 
TE MPERATURE 

'0 

FOOD DI ST RIBUTIO N 

0 
0 

0 

0 

0 0 
0 0 

0 0 0 0 0 

0 
0 0 

0 
-0 ,.<> 

0 0 

0 
0 

0 

.. 
o 

Q 

g 51 .. 

S, 

TEMPERATURE 

'" N 

III 

o 

0 I 5, 

0 
0 I S2 

0 
0
 

0
 

0
 

0 

NI CHE SPACE BIDTDP SPACE 

FI< :l RJ.: I T wo fUl1darn(> ll l :d 1I1eh f':-l dp filll:,d hy n pair of vlui ahles in a t '.I,:o-d impllsiollal nirlu : ~- Jl ll (· e . O nl y onp :-. pec ip.s 
1:-' ~u ppm: ( ld to be' ahlp l o pe r~ i :-;t in th e illt pr:'f'f ~li on :-:' lI b~l. r('~ i o l l . T Il( ' l i n~ :-; joiJ.illg: e quivnl ~1l1 1lO i ll t ~ ill ~h e ni ch~ 
:.:. pnrp :lnd b i() l~ l l' :",p ae(' indic'a l<' .t he rf'lnti ol,ship of . thl_~ . t wo hl) I L(~_~ S ; T~ ,p t~ h·d tl itu l iun I"Jf th ll (.wn ."{ s u· l~ i ('l '5 i llvo lvPd i ..: 
..::! hn \.\-n j ~n rhp rl O'h l \". ,. ,1 . ... ...1" 1 .. ,.,• .. • .. . .~ . . - _.. . . . .. .
 



232 Part Two Theoretical Advances 233 

422 G, EVELYN H UTCHINSO~ CONC L UD IN G REMARKS 423 

~';I 

41// 

!\II "'! 

... 

i
u 

•:I
~ 

2W~ I 

'II 

o I I [ I I 1 I I T I I I I I i I 
I~ 20 2~ 30 40 so 60 80 100 

FIOURE 2. Ra nk order of species arran ged per number of in dividuals according t o th e dist ribu ti ons I and II con­
side red by Mac Art hur , 

total num ber of species (n) mu st remain cons tan t. tion and in fact do no t do so ." Su ch collec tion 
This is likely to be th e case in an y biotop whi ch methods ce rtainly sample very heterogeneously 
is wha t may be te rmed h lJ!!) og(!!.e~ 1~. diver8 e, t ha t d iverse a reas , 
is, in wh ich the elements of the envi ronmental The great merit of ~I acArthu r ' s st udy is that it 
mosaic (t rees, stones, bu shes, dead logs , etc .) are at te m pts to deduce operatio na lly distinct differ­
sma ll compared with th e mean fr ee paths of th e ences be t ween th e results of tw o rival hyp otheses, 
organi sms under considera t ion." W'fiena 'het ero­ one of whi ch corresponds essentia lly t o th e ex t reme 
gen eously diverse area , com prising for instance density dependent view of in terspecific interaction, 
stands of woodla nd sepa rated by areas of pasture, the othe r t o the opposi te view. Alt hough certa in 
is conside red it is very unlikely th at th e ratio of simplifying assumptions m ust be made in the 
total number s of individual s to number of sp ecies th eoret ical tr eatment, the initial results sugges t 
will be identical in both woodland and pas ture (if th at in stable homogeneou sly d iverse biotops the 
it occasiona lly wer e, the fact that bot h censuses abundan ces of d iffer ent species are a r ranged as if 
could be ndded would not be of an y biological t he realised niches were non-ov erlapping : this 
interest) . ~ t ar.Art hur finds that at least some doe s not mean th a t population s may not exist 
bod ies of publish ed data wh ich do not fit d istribu­ under other condit ions whi ch would depart very 
t ion I IlS 11 wh ole, can be br oken down according wid ely from MacArthur's findings, 

The problem of the saturalion of the biotop. Anto th e type of env iro nmen t into subcensuses whi ch 
im po rt an t but quite ina dequate ly s tudied aspectdo fit the d ist r ibu t ion . D a t a from m oth traps and 

fr om populations of dia toms on slides submerged , I am i nd eb t.ud to Dr. R,uth Pa trink fnr th e oppor­
in riv er s would not be expected to fit th e distrihu- tunity to tes t some of her diatorneter cenausea. 
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SP ECIES II A... 

FI OU RE 3, Ra nk orde r or species of birds in a tropical fore s t, closely foll owing MacArtbur 's dis t ributio n 1. 

of nich e specificity is th at of th e number of species far more abundant in th e tropics whil e the Corix­
that a given biotop can support. The nature of this nae are far mo re abundant in th e temperate 
probl em can be best made clea r by means of an regions (Lu ndbla d , 1934 .J a ceewski, 1937) .Thus in 
example , B ritain there are 30 spec ies of Corixinae and three 

The aqua t ic bugs of the family Corixidae ar e of of Micrcmectinae (Maca ri, 1956) , in peninsular 
practi call y world wid e distribution . Omitting a Italy 20 or 21 species of Corizinoe and five of 
purely Australasian subfa mi ly, th ey may be di­ M icr07lRclinae (Stickel, 1955) , in non-Palaeartic 
vided into th e M icrcmectinae whi ch are nearly fndia about a doz en species of Corizinae and at 
always small , under 5 mm long and the Corizinae least ten spec ies of M icranectinae (Hutch inson , 
of whi ch the gr eat majority of species are over 5 194D) and in Indonesia (Lundblad , 1934) only 
mm long . B oth subfa milies probably feed la rgely threeCorixinae and 14 Micronectinae. A reasonable 
on organi c detritus , though a few of the more expla na t ion of t his variation in the rela t ive pro­
primitive members of the Corixinae are definite portions of t he tw o subfami lies is sugges ted by the 
predators. Some at least suck out the con t en ts of findings of M aca n ( 19::!!J ) a nd the more cas ual ob­
a lga l cells, but unl ike th e other Het eroptera they se rvations of other investigators that Micrcmecta 
can take particulate matter of some si ze unto their prefers a low organic subt ratum ; in t ropical 10' 
alimentary tracts. There is abundant evidence calit ies th e high rate of de composition would reo 
that t he organic con tent of the bottom deposits duce th e organic con ten t . 
of the shallow water in whi ch tbese insec t s live is In certa in isola ted tropical ar eas at high alti­
a maj or ecological fa ct or regulat ing their occur­ tudes , notably Ethiopia and the N ilghiri Hills of 
ren ce. ::\0 Micronectinae occur in temperate Nort h sou t hern India the decline in the numbers of 
America and in the Old World th is subfamily is M'icronedinae with increasing a lt itud es, and so 
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SPECIES RANK 

I" ' GI: Ilf: 4. R ank o rde r or species or Conus on a littor a l ben ch in Hawaii (K ohn) , 

lower average wate r tem peratures , is m ost no tic a­ TH E F UT UIt E OF CO~l PA RATI VIo; 

b le, b ut there is 110 in crease in t he nu mber of D F:MOGRi\ PHIC S T UOIES 

Carixinae, pres umab ly because t h e sur roun din g 
P erha ps t he m ost in ter es t ing gene ra l aspect of fau na is n ot rich eno ugh to ha ve permitted f re­

th e pr esen t Sy mpos ium is t he st rong emphas is nuen t in vasion a nd specia t ion . T h us in the Nilghi ri 
pla ced on th e cha nging n a ture of t he popula ti onsHi lls be tw een 2100 an d 2300 m , inte nse co llec tin g 
wi t h which a lm ost a ll invest iga t ors d eal. In cer­y ie lded three Corix ina e of whi ch t wo a ppe ar to be 
t a in cases , n ot ably in th e parth enogenet ic crusta ­endem ic, a nd o ne non-endemic species of M iero­
eea n Daphnia, (Slobod kin, 195-1 ), it is possible tonecia. Very casua l co llec t ing below 1000 m in 
work wi th elones t ha t m ust oe a lm ost u nifo rm sout h Ind ia has p rod uced tw o species of Corix inae 
genetica lly, hu t a ll t h e work on b isexua l o rga nisms a nd five spec ies of Ilfieronectinae. The qu esti on 
is d one und er cond it io ns in wh ich evo lut ion may raised by I ,HS~ lik e th is is w het her t he t h ree 
take pla ce. The eme rge nce in Xi cholsou' « ex pe ri­N ilghiri Corixinae fill a ll t he avai lable nich es whieh 
men ts of strains of Lucilia in wh ich ud ult fem nles 

in E u ro pe migh t suppo rt per ha ps 15 or 20 spec ies , 
no longer need a pro tein mea l be fo re egg layi ng 

or whd.h( ~ r t he re a re rea lly em pty n il'l1(';;. In ­
provid es a drama ti c exam p le of evol ut ion in t ilt' 

t ui ti vely one would su ppose uo th a lt e rna ti v es ' 
lab ora t o ry ; th e wor k repor ted by Douzha nsky, by 

m igh t b e par tly t rue, b u t t.her e i;; no info rmat io n Lewontin , and uy W all a ce , in di s('u ssi on , sh ows 
on wh ich t.o fo rm a real jud gm en t. The rapid holl' experime n ta l evolut ion , for \I hich ,>; u bjec t the 
sprea d of in troduced species often g iv es e vidence Carne gie La borato ry a t Cold Sp ring Harbor \\'as 
of emp ty nir hes, b u t such ra pid sp read in many fo un ded , has a t last come illto it:; o ll'n . 
instan ces ha s t,ake n p la ce in d is t u rbed a reas . The So fa r li t tl e aUention h as h een paid t o t he pl'Oh­
p rob lem d t'arly needs fa r mor e sys te mat ic st udy lem of cha nges in the pr o per! ies of p op u lation ~ of 
th a n i t ha " been give n . Th e ad dition and t he re­ t he grea test dcm o~ra phi (; in ter es t in s uch experi­
placem en t of s pec ies of fish e,>; p roceeding dOll'n a ments. A more syste ma t ic s tudy of evoluti l)llli ry 
ri" er , a nd th e eom pet.it.ive s itua t ions in voked , cha nge in fen llld ity , mean life spa n, age a nd dura­
mllY p rovid e some of t h e oes t ma t eri al for thi:, tion of rep roducti ve ac ti v ity all d length of pI."-! 
so rt of s tud y, ou t t l1()u~h mu ch data exis t:;, fe ll' reprod uc , t iy ( ~ life is clearl y need ed . T h e mo"t in­
a t t e mpt;; a t sys te m at ic com pa ra t ive in terpret a­ t eresting mod els t ha t m ight he d C"bed 1I'0uld h e 
t ion h;I\' e heell mn de (cf. H utchinson, [9:39). t hose ill whi ch "f'ied ioll op l"'a t('d in fa" or of lo ll' 

(' U:-;C U :D I " C; HE.\l;\HI';: :'; 

fecundit y , Ion /..!; p re -rcp rodurtive life a nd on uny th e am plitude of th e osc iilat.inn in Lucilia popula ­
aspect of post-rep rod uctiv e life. t io ns a ppea r to be increased or a t least not d e­

T her e is in man y g roups, uu t ubly Do.phn ia, de­ creas ed ns 1\ result of the evolu t ion he has obse rve d, 
penden ce of na ta lity on food su pp ly (S lobod kin , though t he m inim a a re l es~ low a nd t he va r iation 
H) ,')-!) th ough t he ad j ust me nt ('a n never be in­ I (',,~ regul ar , we d o no t know if t his so rt of effec t 
sta n tancous an d so ca n lead t o oscilla tions . In th e is lik ely to b e ge ne ra l. Ut ida 's elega nt work on 
cuse of bird..; t hc 1I'0rk of th e Oxford ~ f.'h oo l (M o­ bean weev ils a ppears t o be consiste nt with so me 
reau , HJH ; Lark, 1\J-l7n., 1\:1 54 a nd many paper s evolu t iona ry da m ping of osc illa t ions which" ould 
quoted in t h e last nam ed ) indica tes that in ma ny be theore tica lly a lik ely result. 
b ird - natality is reg u la te d by na tural se lecti on to ­ The most cu rio us cas e of a genet ic cha nge p laY- I 
correspond to t he muxirnu rn number of y ou ng that ing II regul ar part. in a dem og ra ph ic pr ocess is , 
ca n be rea red in '1 r-lut.ch. I n so me circu msf.anccs ce rtainly tha t in rod en ts d escr ib ed by Ch it ty. In 
t he a bsolut e surviva l of you ng is gr ea ter wh en th e view of tn e large nu m ber of s im p le ways which a re 
fecund ity is 10\\' t ha n wh en it is h igh , The pecul iar now ava ila ble t o ex p la in regular o-r-illations in a 
na ture of t he sub po pula t ions for med by gr oups of pop ula t io n, it is extre mely im portan t to heed 
nestlin gs in nes ts ma kr:... thi s reason a ble. S iob od ­ Ch it ty 's warnin g tha t the obvio us exp la ua t io n is 
ki n ( 1 95;~ ) has pointed out t hat in ce rtai n cases in no t necessari ly the true one . T o t h e wri ter , th is 
which m igr ation into nu mer ous limi t ed a reas is seems to he a pa rticu la r da nger in h um a n dem og­
possib le , a hi gh rep rod uc tive ra te might have a raphy , th ou gh the mysteries of va ria tion of th e 
lower se leet ive ad va nta ge tha n a low ra te. Ae­ human sex ra ti o, so clea rly expounded by Co­
tua lly in a very b road sense t he bi I'd's ne- t is a lombo, shou ld be a warnin g aga inst ove r-sim p le 
d r-vu:e to Iormal ise t h e num er ous lim ited a reas , hypoth eses, fo r h er e no rl'n ~on abl e hypoth eses 
the existe uve of which perm its su ch a ty pe of se­ ha ve heen sug ges ted . H u man d em og rap hy relies 
lecti on . It shou ld he possib le wit h some insects t o t oo mu ch on wh a t psy ch ologis ts ra il inter vening ­
set up populati on cages in which access to a large va ria b le tb eory , T he reprodu cing orga n isms are 
num ber of very sma ll a mo u n ts of larval food i" ta ken for granted ; when t he ir p rope rt ies change , 
fairly di fficul t for u fe rti le femal e. If t he indi vidual eit he r as t he resul t of evo lut ion o r of changes in 
masses of larvalIood wer e such t ha t ther e was a n learned beh a vi our, the resu l ts a re a pt to h e up­
a p prec ia b le chnnce that rnun y larvae on a sing le setting . The p resent " ba by hoom " is suc h a n up­
m ass wou ld di e of sta rva t ion wh ile a few la rv ae se t, a nd here a tend ency to over-simp li fied th ink­
would su rv ive, it is poss ib le t ha t. se lec t ion for 10\\ in g is a ls o a ppa re nt. If, as a ppears clea r a t. least 
Fecund ity migh t ocru r, T his ex pe rime n t wou ld for part s of No rth America, t he present b irth 
certa.i uly im ita te ma ny s it uat io ns in na tu re. ra te is p osi tively co rrela te d wit.h eco nom ic posi- t , 

The evolu tiouury aspects of t he problem rai sed tion, i t is easy to su ppose t ha t co up les now have 
hy t hose ('ase" where thl ' n ~ is a d elay of reproduc- as m a ny ch i ldren as they cun affo rd, j ust as m os t 
t ive uotivity a fte l' HJUIt morphology ha s been small birds a pp eal' t o d o. T her e is , however , a 
uchir-ved i,. mucb ha rd er t o und er stand . Some differ ence . If at a ny eco no m ic level H fou r child 
birds thou gh they ul.tuin full b ody s ize withi n a family was d esired , hu t occas iona liy owing t o th e 
year (o r ill the case of mos t pll.",,'('r ine:; in the nes t ) im per fec t ion s of birth co nt ro l a five ch ild fa m ily 
a re a p pa ren t ly 1I 0t a h le to t reed unti l the ir th ird was actua lly ac hieved , we shou ld not ex pec t t he 
or la ter y ea r . I t i" diffit -u lr. to see why this sh ould> fift h child to have a negli gible expec ta ti on of life 
he so . In a ny gi\'e ll species t here may be good at b ir th , so tha t the tota l co n t rib ution to t he 
eudoc rino log icn l rrn -sous for the d elay , hu t th ey p opula t ion p er family would be the sa me from a 
ca n hardly be e vo lut io na ri ly inevi ta b le . The sit u­ fo u r a nd a five ch ild la mil y . Y et t his i" exac tly 
a tiou has :111 a b viou » prima fad e d isad vantage, "hnt L,H'k a nd Arn (l \J47 ) fou nd 1'01' t h e b roo ds of 
"inec m ost hiI'd ,. ha" e a ~ t r i ki ng l y d iag ona l su r- , the Alp ine swift A pus melba. I n man t he c rit erion 
v iv or,.h ip cu rve lIfte r th e first yea r of life a lld 

i .~ never purely econom ic; it is n ot how la rge a
this in it:-elf ind iea tes little t a pa city for learn ing hr ood ("an he reared , hul how la rge Il. br ood the 
to live . Olle would h:1\'e .;u pposed t ha t in th c~ 

pat'ell t~ th ink they (" a n rear \\ ith ou t undu e e (" o- ­b irds, mainly h ut nCl l C:'x( ' lu,'I\'c ly large "ea bird~ , 
nomi t su(' rifiee. Suc h a meth od of setting limi ts whi ch ~ ho \\' \ ht' d f'lay , :l ily v;e lle l iC' I'ha nge fav or ­
t o natality is ohv iously ex t rem ely ("om p]icu ted. Itin/!; ('a rly reprotl ll('ti lJl1 would ha ve a g rea t ~e lt' (' -, 
inv oh 'e s a n eqll ilib l'illJll bet ween ;\ ;;('I'ic,>; o f d e­t in) ad \'a ll ta ge . .-\ny cx pe riment nl model im it a t ing 
s ires , pa rtly eonsc ious, pa rt ly u ileo ns('ious, lin d at lti" ;;it ua t ion would or of /,( n 'a t in t eres t. 

The pr oh lem of po,,~ibl c socia l effec ts of long ser ies of estimates of p re~ent a nd fu t ure rcsourr e" . 
PO;;l,-reproduct i\'C' life , whi('h ( ': 111 hardl y he sub ­ Ther e is a bso lute ly no reaSOl1 10 ,>; uppose t.ha t th e 
jed to d irect "e lc(" ion , p rov ide.; a noth er ('use in m ea n desired fa mily s ize det erm ined in such a \l'a y 
wh i"h a ny hill "- fr Ofl l cha nge;; in dem og ra phic is a sim ple flln e tion of econo m ics, u llin fluelJ('ed by 
parnmetrrs in ex pc r ime nh wou ld he m ost hf'lpful. a va:; t numher of 01her eult ul'a l fa ("t or;;. The as­
The expN illlell ta l s tu dy of th e ev olu l ion;; rY SUll1 p t io l1 t ha t a large fan lily i ~ pI'T Sf ' H good thin g 
aspe(·j,., of d em og mphy 'is ('e rt a in to y ie ld su ; ­ is o ll\' iou" ly in voh'eu ; th is may be ac("epte d in ­
pri;;!'s . \Vh ile \\ 'C ha\' C' ::\i('h olsoll '" wo rk , ill wh j('h di " idu l1l1y hy 111 0"\ pa rent" C\'e n t houg h it i" a l 
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present 0. very dubious assump tion on general 
grounds of social well being . Part of the acceptance 
of such an assumption is certai n to be due to un­
conscious factors. Susa nnah Coolidge in A. remark­
ahle, as yet unpubl ished, essay,' " Popula t ion 
ver8'lL8 People," suggests that for many women a 
new preg nan cy is an occasion for a temporary 
shift ing of some of the responsibility for th e older 
children away from the mother , and so is wel­
comed . She a lso suspects that it may be an un­
conscious expression of disappointm ent over, or 
repud ia tion of, the older children and so be essen­
tially a repeated neurotic symptom. Mo reover, the 
present highly conspicuous fashion for materni ty, 
certai nly a heal thy reacti on from the seclusion of 
upp er-class pregnan t women a couple of genera­
tions ago, is also quite likely fostered by th ose 
business interests which seem to believe that an 
indefinit ely expanding economy is possible on a 
non-expanding planet . 

An adequa te science of hum an demography 
must ta ke into account mechani sm of these kinds, 
just as animal demography has taken into ac­
count all the available information on the physio­
logical ecology an d behaviour of blow flies, Daph­
nia and bean weevils. Unhappily , human beings 
are far harder t o invest igate th an are th ese ad­
mirable labora tory animals ; unhapp ily a lso, the 
need becomes more urgent daily. 
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