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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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