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CHAPTER I 

FACt AND THEORY 

EVOLUi'ION 1s a theory to e.~lam the nature and 
lustory of the vast array of aru.mal and plant spec1es 
that 1Ilhab1t the Earth It 1s concerned w1th 

ongms, and accounts for the present chvers1ty of organ­
isms by reference to past events of orgaruc development 
Its central doctnne 1s one of change w1th descent, and, 
111 oppositiOn to bellef 1n the fiA:Lty of spec1es, 1t asserts 
that there have been profound and conunumg mod!fica­
tlons m the forms of hfe as generation has followed 
generation over the rrullions of years of geologtcal time 
In 1ts descrtptlvc content 1t 1s a generahzation now almost 
uruversally accepted, but m 1ts pnnc1ples lt 1S still an 
tmperfect synthesis, and rematns a field of debate and 
w1de dtfference of op101on. 

Evolution 1s a modern concept m b10logy A hundred 
years ago theories of orgaruc change were regarded by a 
majority of b10log1sts as mere conJecture haVIng httle 
actual relevance etther to the klnds or to the vital pro­
cesses of the llvmg arumals and plants w1th wluch they 
were acquainted It 1s true that a few outstanchng 
sCientlsts, notably the Frenchmen Buffon and Lamarck, 
had already Imagmed the possibility of marked changes m 
structure and hab1ts 1n. succeedmg generations of organ­
Isms . They had even suggested means by whtch the 
changes nught have come about. But the eVIdence 
wlu.ch they put forward 1n support of thel! VIews was for 
the most part so madequate and unconvmcmg, not to 
say fanCiful) that lt was chsregarded or rusm.Issed by thetr 
less speculative colleagues 
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B FACf AND THEORY 

The " clunate of opuuon " m btology dunng the first 
half of the runeteenth century was one m whtch large­
scale tunc-effects had no stgnificant place In part this 
was because 1t was permeated by assumptions gomg back 
to medieval days that the umverse had always been much 
~s 1t appeared Moreover, there was quast-Btbltcal 
support for the behef that the Earth had been 1D enstence 
for only a few thousand years-a Ume-span scarcely 
allowmg the possibility that radical change 1n orgamc 
form had talen place 

Men's nunds, m consequence, were not deeply cunous 
about problems of orgaruc change, and only rarely were 
the nght questions bemg asked, the appropnate evtdence 
bemg looked for, to pernnt the problems to be clearly 
rccogmzed, sull less to be solved A reflection of tlus 
attitude 1s seen m the wetght of mterest of the pre­
Darwmtans 1n form and structure rather than 1n functton 
and process, the dynanuc factors 10 orgamc development 
be.tng relatively tgnored or neglected 

Nevertheless, durmg tlus same penod (the first half 
of the runeteenth century) obltque light from vanous 
sources, wluch 1n due course was to be focused on the 
central fact of cvolutwn, was begmnmg to reveal the 
mtcrconncctlons between seemmgly unrelated sctennfic 
dtscovcrtcs, some of them w1tlun the field of btology 
ttself, others m fields of borderland sciences. Smce 
evolution 1s '1 hlstoncal process needing t.lme for tts 
accompltshrnent, a maJor st.lrnulus to cvolunonary 
thought carne from the sctence of geology The record 
of the rocks recast altogether the tlme-scale of orgaruc 
rustory, and revealed "hole new worlds of orgarusms 
mhabltmg the Earth m past ages 

.Already by q88 James Hutton of Edmburgh (the 
" Founder of Modern Gcologv ") had shown that maJor 
rc\ olunons of the Earth's surface, marked by wtdespread 
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changes m sea-level, by penodlc volcaruc actl.on, and by 
the piling-up and weantlg-down of folded mountaln 
chams, had occurred at several stages of Eru:th-lustory 
and pomted to a time-scale vastly .longer than any 
preV!ously un.agmed (" w1th no vestlge of a begUUli.D.g, 
no prospect of an end "). 

He was followed by Wllham Sm1th, who between 
1799 and 1817 established a techruque for datmg and 
correlatmg strata of past ages by means of the fossils they 
contatn, and who thus me1dentally demonstrated that 
there have been orderly changes 1n the kinds of amrrutls 
and plants tnhaburng the Earth aunng geologtcal tune 

The systematic eA.-posrtlon of these revolutionary dls­
covenes m Charles Lyell's Prmt1p/es of Geology (rS;o) 
1.nev1.tably caused a change of attitude on the part of 
btologlsts .. who came to reahze that natural rustory was 
much more eventful th.1.n they had formerly supposed, 
and that the tlme-scale of geological process proVlded a 
framework m wluch long-contmued orgaruc evolution 
could find a place 

Approx.unate measurements of geolog1cal mterv-als 1n 

terms of years may nowadays be made from the evtdence 
of rad!oactlYe changes 1n the rocks. !he Earth Is as a 
planet probably rather more than 3ooo n:ull10n years old 
The oldest known 1:ocks were formed about 2.000 

nullion years ago, the oldest nchly fossthferous rocks­
the Cambnan rocks-about 500 nullion years ago. The 
date of the first appearance of l.rfe on the Earth is un­
known, but already by Carobnan t1mcs arumals had 
become greatly W.verstfied and elaborate in structure. 
(Sec page uo.) 

\Vith continued mcrease m geologtcal knowledge It 
soon became marufest that whole groups of orgarusms 
had at vaoous tunes emerged from lllSlgruficant beglil­
mngs, mcreased m abundance and vanety, and then 
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The " clunate of op101on " m bwlogy dunng the first 
half of the runeteenth century was one 1.0 whtch large­
scale time-effects had no s1gnfficant place In part thts 
was because tt was permeated by assumptions gomg back 
to medieval days that the uruverse had always been much 
as 1t appeared Moreover, there was quaSl-Btbllcal 
~up port for the belle£ that the Earth had been 10 ex1steoce 
for only a few thousand years--a ume-span scarcely 
allowmg the posstbtllty that radtcal change 10 orgaruc 
form had taken place 

Men's nunds, 1n consequence, were not deeply cunous 
about problems of orgaruc change, and only rarely were 
the nght questions bemg asked, the appropnate evtdence 
bemg looked for, to permtt the problems to be clearly 
rccogruzed, sttll less to be solved. A reflect:J.on of tbts 
attitude 1s seen m the wetght of mterest of the pre­
Darwtruans tn form and structure rather than tn functton 
and process, the dyna.m1c factors m orgaruc development 
bemg relatively Ignored or neglected 

Nevertheless, dunng this same pertod (the first half 
of the runeteenth century) obllque llght from vanous 
sources, whtch 1n due course was to be focused on the 
central fact of evolution, was begmrung to reveal the 
mterconnccuons between sccm1ngly unrelated sCientific 
d.iSCOVC!lCS, some of them Wlthtn the field of btology 
Itself, others 10 fields of borderland sctences Smce 
evolution Is a htstoncal process needmg time for Jts 
accompltshmeot, a maJor sumulus to evolutionary 
thought Clme from the sCJeocc of geology The record 
of the rocks recast altogether the tune-scale of orgaruc 
lustorv, and revealed whole new worlds of orgarusms 
mhab1tmg the Earth tn past ages 

Already by 1788 James Hutton of Edrnburgh (the 
" Founder of Modern Geology ") had shown that maJor 
rc\roluttons of the Earth's surface, marked by Widespread 
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changes in sea-level, by periodic "\Olcanic actlon, and by 
the piling-up and weanng-down of folded mountrun 
ch:uns, had occurred at several stages of Earth-lustorv 
and pomted to a tlme-sc.'lle vastly .longer than anr 
prev1ously l.Il1agmed C' w1th no vestlge of a begi.nrung, 
no prospect of an end ") 

He was followed by \Vlll.tam Srruth, who between 
1799 and 1817 cst.'lbl!shed a techruque for daung and 
correlatmg strata of past ages by means of the fossils they 
COfitalO, ana who thus UlC!dentally demonstrated that 
there have been orderly changes 1n the kt.nds of anunals 
and plants mhabu:mg the Earth Clurmg geolog1cal tlme 

The systematic exposlUon of these revolutionary chs­
covertes m Charles Lyell's Prm(tples of Geology (rS;o) 
tncv1tably caused a change of attltude on the part of 
b1olog1sts~ who came to rca.llze that natural lustory was 
much more eventful than they had formerly supposed) 
and that the tune-scale of geological process proVIded r.. 
framework 1n wluch long-contulued orgaruc evoluuon 
could find a place. 

ApproX.lmate measurements of geological mtetvals m 
terms of years may nowadays be made from the ev1dencc 
of radtoacuvc changes 1t1 the rocks. The Earth lS as a 
planet probably rather more than 3ooo trullion years old 
The oldest known rocks were formed about zooo 
nulhon years ago, the oldest nchly fossiliferous rocks­
the Cambrian rocks-about 500 m1llion years ago. The 
date of the first appearance of life on the Earth is un­
known, but already by Cambrtan ttmcs arumals had 
become greatly ruvcrslfied and elaborate ltl st..ructurc 
(Su page uo.) 

\Vuh contmucd mcrease 1n gcologtcal knowledge lt 

soon became marufcst that whole gtoups of orgarusms 
had at vanous ttmes emerged from lilstgtllficant begm­
niogs, mcreased lD. abundance and vanety, and then 
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The « clunate of oprmon " m b1ology durmg the first 
half of the runeteenth century was one 1n whtch large­
scale tune-effects had no significant place In part th.ts 
was because 1t was permeated by assumptions gomg back 
to medieval chys that the uruverse had always been much 
ns tt appeared Moreover, there was quas1-Btbllcal 
support for the belief that the Earth had been m extstence 
for only a few thousand years-a time-span scarcely 
allowmg the posstbtltty that radical change 1n orgaruc 
form had taken place 

Men's nunds, Ul consequence, were not deeply cunous 
about problems of orgaruc change, and only rarely were 
the nght quesuons bemg asked, the appropnate evidence 
bemg looked for, to perm1t the problems to be clearly 
rccogruzed, still less to be solved A reflect10n of th1s 
atutude 1S seen m the wetght of mterest of the prc­
Darwl.Olans Ul form and structure rather than Ul funCtion 
and process, the dynanuc factors Ul orgaruc development 
being relauvely Ignored or neglected 

Nevertheless, dunng this same penod (the first half 
of the runetecnth century) oblique hght from vanous 
sources, wh1ch 1n due course was to be focused on the 
central £'let of cvolutwn, was begmrung to reveal the 
mlcrconnecuons between seenungly unrelated screnttfic 
cl1scovenes, some of them w1thUl the field of bwlogy 
usclf, others m fields of borderland sciences Smce 
cvolutton 1s '1. htstoncal process needing time for tts 
accompltshment, a maJor stimulus to evolutionary 
thought came from the science of geology The record 
of the rocks recast altogether the tunc-scale of orgaruc 
lustory, and revC'\led whole new worlds of orgarusms 
1nhab1ttng the Earth m past ages 

Already by 1788 James Hutton of Edlnburgh (the 
" Founder of Modern Geology ,) bad shown that maJor 
rc\ oluuons of the Earth's surface, marked by w1desprcad 



FACT AND THEORY 9 

changes 1n sea-level, by penochc volcamc action, and by 
the piling-up and weanng-down of folded mountam 
chru.os, had occurred at several stages of Eartb-lustory 
and pomted to a tlme-scale vastly r longer than any 
prev1ously 1tnagmed (" w1th no vestige of a begUUll.Ilg, 
no prospect of an end ") 

He was followed by WJ.lliam Smith, who between 
1799 and 1817 estabhshed a techruque for daung and 
correlating strata of past ages by means of the fossils they 
contatn, ana who thus l!lCldentally demonstrated that 
there have been orderly changes Ul the kmds of anunals 
and plants mhabttmg the Barth dunng geolog1cal ume 

The systematic expos1t1on of these revolutionary chs­
coverles 1n Charles Lyell's Prmnples of Geology (18;o) 
lnevttably caused a change of attitude on the part of 
b1olog1sts, who came to reahze that natural history was 
much more eventful than they had formerly supposed, 
and that the time-scale of geolog1cal process provtded a 
framework In wlucb long-conunued orgaruc evolutiOn 
could find a place. 

Approx.tmate measurements of geolog1cal mtervals In 
terms of years may nowadays be made from the ev1dence 
of radloactlve changes 10 the rocks The Earth 1s as a 
planet probably rather more than ;ooo rrulhon years old 
The oldest known rocks were formed about 2.ooo 
mill.lon years ago, the oldest nchly foss1hferous rocks­
the Cambrian rocks-about s<:>o million years ago. The 
date of the first appearance of hfe on the Earth 1s un­
known, but already by Cambrtan tlmcs arumals had 
become greatly chvcrs.tfied and elaborate 111 st.ructure 
(See page uo.) 

\V1th conunucd mcrease m gcologtcal knowledge 1t 
soon became marufest that whole groups of orgarusms 
had at various umes emerged from mstgn.tficant begm­
rungs, increased m abundance and var1ety, and then 
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attaches to those baste sl.mllanues of structure wluch 
ext.st even m orgarusms or organs dlsplaymg marked 
contrasts m funcuon Among the vertebrate arumals, 
for mstance, the walkmg l.tmb of the newt or the dog, 
the swunnung hmb of the fish-hzard or the seal, the flymg 
hmb of the pterodactyl or the bud, have very dtfferent 
superfictal appearances, but the bony supports of all 
three ktnds of organ display stm.llanttes revealtng the 
essenual relauooship, although 1t ts masked by the 
d.Uferent modes of hfe (Ftg x) 

Equally, vesugtal and rudimentary structures take on a 
mearung they would not otherwtse possess when their 
usefulness ts seen tn the l.tght of ancestral rather than 
munedtate need The reduced tat! (the coccyx) m man, 
the buned hind hmbs m whales, the nunute shell-remnant 
m slugs, the spl.tnt-bone stde toes of the horses are 
functionless (at least 1n tbetr pnmary nature) at the present 
day, but as degenerate rehcs of organs whtch formerly 
were well developed and functional they are stgns of a 
process of change that cast doubt on a statlc perststence 
of structure tn orgaruc spcc.tes 

The devtauons, otherwtse mcomprehenstble, from 
stra.tghtforward development often seen 10 10dlvtdual 
hfc-lustones may hl.ew1sc be recogntzed as throwmg 
some l.tght on ancestry and descent Thus gill-sl.tts m 
the ned .. of the mammahan fcetus (which recetves oxygen 
through the maternal blood-stre2.m) are never furrushcd 
wtth funcuonal gtlls The adult barnacle ts an attached 
form adhcnng by the head reg10n, but dunng growth 
after hatchtng from the egg 1t passes through free­
swtmtrung larval stages to whtch tt has an appearnoce 
very ltke that of normal crustaceans Conversely, the 
floaung adult feather-star AtJt(don has attached young 
st~cs The asymmctru:a1 flat-fishes hke the platce 
::.nd flounder, lytng on their stdc when adult, are upnght 
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and symmetncal normal fishes when they are young 
The h!nt 10 such growth 1s that mdtvtdual development 
1s 1n some degree, at least, a reflection of steps 10 ractal 
Ius tory 

Dunng the early runeteenth century much was also 
added to btologtcal knowledge by voyages of explora­
tiOn, on one of wluch (that of the Beagle) Darvrm htmself 
obtamed ills first rnstght rnto evoluttonary processes 
In particular, a great deal of tnformauon was gathered 
about the ammal and plant ltfe of dtstant and little-known 
countnes Tills new knowledge was partly of strange 
kmds of creatures (llke the kangaroos and koala-bears of 
Austraha and the sloths and armadtllos of South Amenca), 
partly of the dtstrtbutton of vanous ktnds of orgamsms 

It was soon real.tzed that the dtstnbutton ts systemauc 
and not haphazard, and that the Earth's surface may be 
parttttoned mto btogeographtcal realms, each wtth tts 
own dtsttncttve arumals and plants Moreover, the 
local.tzed anunal and plant assoctatlons at the present day 
are often found to reflect assooattons of stmllar kmds of 
fosstls, and the evtdence suggests that groups tend 
to estabhsh themselves 10 selected areas, to whtch they 
are more or less restricted over long mtervals of ume 

Thus the pouched marsuptals have been almost the 
only marntl1als tn Austraha for at least 6o mtllion years , 
and the sloths (mcludtng e:~.ttnct gtant ground sloths) 
h.we occupted South Amenca for a stmtlar penod The 
bttds of the Galapagos Islands 10 the Pactfic Ocean, 
though dtffenng 10 detatl and belongmg to dtfferent 
specres from those of the mrunland, are of South Amen can 
type, while those of the Cape Verde Islands 10 the Atbnttc 
are tn total contrast, bemg comparable wtth those of the 
Afncan matnland tills, desptte the close stmtlanty 10 
general geographical condtttons between the two groups 
of tslands 
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On the other hand, 1t 1s no less stgruficant that groups 
of arumals and plants which nowadays display dts­
conunuous dtstobuuon, hke the tapirs of Malaya and 
South Amenca, and the fresh-water lung-fishes of 
Australta, Mnca, and South Amertca, were formerly 
(as thcu: fossils show) much more w1despread and have 
become fragmented m their geographical ranges through 
local CA"tlnctlon 

By the rruddle of the runeteenth century these diverse 
Items of evidence had accumulated 10 such abundance 
that a recogruuon of their mutual relat1ons was sooner or 
later mevttable They were welded mto a coherent 
theory 10 Darwm's The Orrgrn of Speczes (1859), which, 
like Newton's PmJCJpra, has a pnmary unportance tn the 
history of sc1encc as a synthests of vast fields of observa­
tion in a manner at once comprehenstve and convmcmg. 

Darw111 found the clue to orgaruc vanety 1n evolution,. 
JUSt as Newton found the clue to mecharucal movement 
10 gravitation He marshalled the arguments m Its. 
favour so cogently, and spread the net of his explanation 
so w1dely (bnngmg m facts of fossil success10n, geo­
graplucal distnbuuon, comparative anatomy, mdtvtdual 
llfe-lustory), that after the first shock of novelty had worn 
off lus theory became generally accepted. It 1s by now 
so firmly established that 10 a soentlfic sense 1t has a 
certamty that effectively makes 1t fact 

Tlus 1s not to say that the theory lays clatm to an 
eternal mfallibllity, or that 1t will never be refuted by 
future biologtcal discovery But 1t 1s to assert that all 
btologtcal phenomena as they are now understood find 
thetr place w1thtn tts framework, and that the manner of 
the present-day approach to btologtcal problems and the 
techniques devtsed for solVlng them are based on evolu­
tlonary prmctples that are Virtually taken for granted 
In tlus sense, the theory of evolunon as a highly successful 
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and symmetncal normal fishes when they are young 
The lunt m such growth 15 that J.nruvtdual development 
ts ill some degree, at least, a reflection of steps ill racta.l 
htstory 

Durmg the early runeteenth century much was also 
added to btologtcal knowledge by voyages of explorn­
tlon, on one of whtch (that of the Beagle) Darwm htmself 
obtamed lus first mstght mto evolutionary processes 
In parucular, a great deal of mformatton was gathered 
about the arumal and plant ltfe of distant and httle-known 
countnes Tlus new knowledge was partly of strange 
lunds of creatures (hke the kangaroos and koala-bears of 
Austraha and the sloths and armadillos of South Amenca), 
partly of the dis to button of vanous lands of orgarusms 

It was soon reahzed that the dtstnbutton 1s systematic 
and not haphazard, and that the Earth's surface may be 
partl.tloned mto b10geograplucal realms, each wtth lts 
own disuncuve arumals and plants Moreover, the 
localtzed arumal and plant assoctaUons at the present day 
are often found to reflect assoclaUons of slmllar kmds of 
fossus , and the evtdence suggests that groups tend 
to establ.tsh themselves m selected areas, to wluch they 
are more or less restncted over long mtervals of ume 

Thus the pouched marsuptals have been almost the 
only mammals m Austraha for at least 6o mtlhon years, 
and the sloths (mcludmg extmct gtant ground sloths) 
have occup1ed South Amertca for a stmtlar penod The 
bttds of the Galapagos Islands m the Paclfic Ocean, 
though dlffenng 10 detatl and belongmg to dtfferent 
spcctes from those of the mamland, are of South Amencan 
tvpe, whlle those of the Cape Verde Islands m the Atlantic 
are tn total contrast, betng comparable wtth those of the 
Afncnn mrunland trus, despltc the close surulanty m 
general gcographtcal condiuons between the two groups 
of tslands 
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On the other hand, 1t 1s no less s1gruficant that groups 
of arumals and plants wluch nowadays display dls­
contw.uous dlstnbutton, hke the tapl!s of Malaya and 
South Amenca, and the fresh-water lung-fishes of 
Austraha, Mnca, and South Amenca, were formerly 
(as thCl! fosstls show) much more widespread and have 
become fragmented 1n thett geograplucal ranges through 
local el.."t11lct1on 

By the m.1ddle of the runeteenth century these diverse 
1tems of ev1dence had accumulated tn such abundance 
that a recogmtton of thetr mutual relations was sooner or 
later mev1table. They were welded mto a coherent 
theory 10 Darw10's The 011gm of Spmes (1859), wluch, 
lt.ke Newton's PmlCipta, has a pnmary unportance 10 the 
history of sc1ence as a synthes1s of vast fields of observa­
tlOn in a manner at once comprehensive and conv1.ncrng. 

Darwm found the clue to orgaruc vanety m evolution~ 
JUSt as Newton found the clue to mecbarucal movement 
1n grav1tauon. He marshalled the arguments 10 1ts. 
favour so cogently, and spread the net of lus explanation 
so Widely (bnngmg m facts of fossil success10n, geo­
graplucal d1strrbutton, comparative anatomy, md!vtduai 
llfc-hlstory), that after the first shock of novelty had wom 
off Ius theory became generally accepted. It 1s by now 
so firmly established that 10 a se1entlfic sense 1t has a 
cert:al1lty that effectively makes lt fact. 

Tlus 1s not to say that the theory lays drum to an 
eternal mfallibili.ty, or that lt will never be refuted by 
future btologtcal chscover'y But 1t ts to assert that all 
btologtcal phenomena as they are now understood find 
theu: phce wttlun 'us framework, and that the manner of 
the present-day approach to btologtcal problems and the 
techruques devised for solving them are based on evolu- ' 
tlonary pnne1ples tha~ are Virtually taken for granted. 
In tlus sense, the theory of evolution as a lughly .successful 
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. spent much tJ.me in studytng the causes of the var1attons 
between md!vtdual orgarusms, he was never able to d!s­
tingutsh clearly between those aspects of outward form 
whlch are the accidental effects of circumstance and those 
whlch are the expression of mnate hereditary factors. 
Most of hls labours tn the field of genetics were fnutless 
and futile, m part because he was not able to ask the nght 
questions, and he vacillated between a Lamarcklan 
acceptance of the tnhentance of acqmred characters and a 

- frank confess1on of Ignorance. The work of Mendel on 
heredity m plants was unknown to rum, and lus concep­
uon of the relations between the germ-cells (wluch carry 
the hentable qualltles) and the body-cells appears nowa­
days to be fantastic He carnes a strong weight of 
support at the present ume only In lus deductions con­
cerrung the operation of natural selection, and even from 
these there are powerful votces of dissent 

A sharp dtstmction must therefore be made between 
the two aspects of Darw1n1sm. As an alternatl.ve word 
for biological evolution, or as an cxpress10n of the fact 
that evoluuon enters mto the ancestral history of arumals 
and plants, It ts unexceptionable, and IS 1.1\deed the central 
theme of current btology But as Implytng a parucular 
land of evolutionary mecharusm wluch Darwm favoured, 
It 1s by some sctentists regarded as erroneous and by 
many others as madequate Durmg the present century • 
lts defic1enc1es m genetJ.cs have been met by Mendelian 
theory, the synthesiS of Darwinian natural selection and 
Mendeltsm bCillg known as Neo-DarwJ.rusm. 

Some btologtsts, however, find a thoroughly satis­
factory explanation of evoluuon m Mendelian process 
alone Others, the Neo-Lamarcklans, mamtrun that 
some truth still adheres to the speculations of Lamarck, 
who supposed that evolutionary orgaruc change can be 
brought about by mdtv1dual funcuonal-and lllhcrtted-

n 
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response to the demands of the envuonment (though the 
Neo-Lamarcklans usually go far beyond Lamarck 10 

attnbutlng evolution to the duect mfluence of the 
envuonment 10 evolong hentable adaptations) Yet 
others, beheVlOg that a mecharucal explanation of process 
10 hvtng thmgs must necessanly be parual and made­
quate, hold that some sort of vttal prmctple 1s the source 
of evolutionary change 

Evolution may be summanzed as change w1th descent 
In the course of generations offspnng come to dtffer 
from thetr ancestors to a degree that prolubtts thetr bemg 
classed 10 the same group (wluch may be a closely defined 
group hke a spectes, or a broader group hke a genus or a 
fatntly) Thus rhtnoceroses are descended from small, 
slender, hghtly-bwlt runrung forms not very dtfferent 
from ancestral horses Htppopotamuses are modtfied 
swme, and through a senes of totermedtate types can be 
traced back to ancestors not very d1fferent 10 essenual 
structure from hv10g p1gs The earhest known b1rds 
have a rcpultan-hke true bony tatl, but thetr modem 
successors have a tall only of feathers Such changes _ 
10volve constant and cumulattve vanatton 10 the members 
of a spectes, the descendants success1vely departtng from 
the norms of earher generations The process 1s 
posstble only when mdtvtdual vanants anse and pass on 
thetr novelties and dtfferences to succeedtng generations 

At the same time, the only agent of transmtsston of 
characters 1s heredtty The manner 10 whtch the 
1ndtvtdual grows 10 the hkeness of tts parents-so that a 
tadpole grows tnto a frog, an acorn mto an oak-shows 
that heredtty ts powerful as a conservative force tendmg 
mdefirutely to rnamtatn uruforrruty of type, and tf 
heredity were the only force operative, evolutionary 
effects could not be mamtamed for any length of ume, 
but would gradually dtc down to mstgruficance 
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A satisfactory theory of the mecharusm of evolutiOn 
must therefore take mto account a number of separate 
factors of orgaruc process, some of wluch appear to be 
mutually opposed These factors mclude the means 
whereby hke begets hke, the emergence of vanant m­
dividuals to allow progressive change to take place, the 
sclecuon ensurmg surv1val of at least some of the 
vanants, and the mcorporauon of vanant characters m 
the hereditary stream The theory must also explam 
the courses taken by the hnes of evolution, the d1verse 
products of evolutionary process m dlfferent parts of the 
Earth, the recurrence of sl11lllar evoluuonary trends at 
dtfferent penods of Earth-history, and the penodic 
extmcUon of preVIously successful hnes of evolution. 

All the factors are not equally or tdenucally expressed 
m every orgaruc group For mstance, 1nhentance 10 

orgarusms wluch reproduce by buds or shoots (such as 
corals and sea-mats among arumals, potatoes and black­
bernes among plants) 1s not 1denucal w1th mhcntance m 
sexually reproductive orgarusms (whlch compnse the 
great maJOtlty of arumals, and most plants). The mode 
of evolution Is thus not readlly stated m a single formula 
It may cWfer m kmd, or may dtsplay a chfferenual em­
phasts, 10 different groups of orgarusms or 10 contrasted 
crrcumstances. Sweepmg generahzauons are ceasmg to 
be acceptable as summanes of evolutionary theory; and 
the problems of evolution become more mtrtcate the 
greater the detatlm wh.tch they are studied. 
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response to the demands of the envuonment (though the 
Neo-Lamarcklans usually go far beyond Lamarck 1n 

attnbutJng evoluuon to the d!rect rnfluence of the 
environment m evokiDg hentable adaptations) Yet 
others, believmg that a mecharucal explanation of process 
1n livtng tlungs must necessanly be parual and .ltlade­
quate, hold that some sort of vttal prmctple 1s the source 
of evolutionary change 

Evolution may be summartzed as change w1th descent 
In the course of generations offsprmg come to dlffer 
from the1r ancestors to a degree that prohlbus thea be10g 
classed 1n the same group (whlch may be a closely defined 
group like a spectes, or a broader group like a genus or a 
farruly) Thus rhlnoceroses are descended from small, 
slender, lightly-bmlt runrung forms not very different 
from ancestral horses Hlppopotamuses are modified 
swme, and through a senes of mtermediate types can be 
traced back to ancestors not very dllferent 1n essenttal 
structure from livrng p1gs The earliest known birds 
have a repullan-like true bony tall, but theu modem 
successors have a tali only of feathers Such changes _ 
mvolve constant and cumulative vanation 10 the members 
of a spectes, the descendants success1vely departlng from 
the norms of earlier generations The process 1s 
poss1ble only when mdivtdual vanants anse and pass on 
the1r novelues and differences to succeeding generations 

At the same tune, the only agent of transmtsston of 
characters 1s heredity The manner 10 whlch tr 
tndivtdual grows 10 the likeness of ltS parents-so th'1 
tadpole grows mto a frog, an acorn 10to an oak-sh 
that heredity 1s powerful as a conservative force ter 
mdcfirutely to mru.ntam uruformtty of type, 
heredity were the only force operative, cvoh 
effects could not be mamtatned for any length 
but would gradually die down to mstgruficanr' 
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The other regards the matert.als of mhentance to be Inde­
pendent parades or elements wluch remam discrete 
and unblended as they are passed from one generation to 
dte next. 

A theory of blending was partlcularly favoured by 
Darw.tn lumself As a thorough nmung of rnhented 
mgredlents, and a mutual annulhng of any parental 
dlfferences, blendulg unphes that the mdiv1dual m 1ts 
general form hes rrudway between 1ts parents In 
successtve generauons 1t should thus cause a pervadmg 
sameness to spread through the- members of an J.nter­
breedlng populauon. To counteract trus mcreas10g 
urufornuty, wluch marufestly does not occur, Darwm 
supposed that a corresponding measure of va!labll.t.ty 
was restored partly through the mctdencc of mystenously 
artsiDg" sports" (what would now be called mutations), 
partly through dtffcrenccs 1!1 mdtvtdual habits. A 
cWference 1n habtts ts reflected 1n a dtfference 1n form 
(the muscular dcvdopment of a blacksnuth 1s not that of 
a postman), and Darwtn followed Lamarck m tlunklng 
that the effects of mdlv1dual use and disuse could be 
transnutted to the germ-cells, and so be earned 111to 
succeedmg generations 

These assumptions have not survived practical tests 
True and complete blendtng, as Mendel first showed tn 
t866 and as C:h.pet1ment has Sl.nCe amply demonstrated, 
does not occur, and when attempts are made to mduce 
heritable Lamarckian effects m pure stocks they are 
almost tnvanably unsuccessful, or the results are am­
btguous. The doctrme of the Russian lvhchunn­
Lyscnko school that nurture 1s of supreme unportance m 
evoluuon 1s based on I.nadcquately reported C}..'Penmental 
eVIdence, the value of wluch cannot at present be 
assessed. 

In any event, lt 1s dtfficult to unagtne, even as hypo-
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thettcal posstbthty, any mecharusm by whtch envtron­
mentally tnduced change tn the gross structure of an 
md!vtdual can be geneucally transnutted to tts offspnng 
Thus the nearly constant self-regulat1ng Internal envtron­
ment of warm-blooded vertebrates IS vtrtually unaffected 
by even strongly marked changes (say m temperature or 
hunudtty or food-supply) 10 the external envtronment, 
and the germ-cells which hve 1n the mternal envtrorunent 
could provtde for an adapuve structural change 10 the 
next generation only through prophettc tntrutton 

Suffioently vtolent and penettatmg envuorunental 
sumult may, of course, reach the germ-cells 1n the ovartes 
or the sperm-sacs It Is now a usual experunental 
practtce to tnduce hentable changes by means of X-rays 
and certam potsonous chenucals But the ensmng 
alteratton 1n the nature of the hereditary matenals (and 
consequently of the offspnng) 1s "'random," and bears 
no necessary functional relationship to the nature of the 
sttmulus 

Blendtng mhentance, and gross bodlly response to 
use and dtsuse, are thus reJected as means of accounttng 
for heredtty and evolution They are replaced by a 
theory, now generally accepted, that has tts roots tn the 
expertments of Mendel on mhentance m garden peas It 
cxplatns the ttansllllsston of heredttary qualtues 1n terms 
of the const1tut1on and act1vtt1es of the elements of the 
germ-cells These elements are chiefly the vtstble thread­
like chromosomes, and the genes whtch the chromosomes 
are mferred to carry 

In the germ-cell of any one lund of orgarusm each 
chromosome ts highly tndtvtdualm both the number and 
the llnds of genes It cames, and dtffers not only from 
netghbounng chromosomes m the same cell, but also from 
the chromosomes of cells tn other kinds of organtsms 
The genes appear to be the prtmary sttmuh of growth , 
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and frequently (tf not as yet mvanably) the nature of 
particular organs and characters m the growmg body may 
be attnbuted to the mfluence of parttcular genes That 
1s~ there 1s a very close correlation between maturmg 
body-form and the tnb.ented system of chromosomes and 
genes assembled m the 1n.1t1al fertilized egg. Corre­
spondtngly each spectfic kmd of orga01sm has 1ts standard 
complement of specllic chromosomes : for rnstance, 
there are twenty-four chromosomes m a full set 1n man, 
four m the banana-fly, seven m the sweet-pea 

The process of formatlon of the germ-cells 1s lughly 
elaborate flnd 15 not completely understood, but m 
essentials 1t ensures that by fi.ss1on and subdlv1s1on of the 
parental chromosomes and genes a full set of each 1s 
normally gtven to every germ-cell. That ts, the chromo­
somes and the genes reproduce themselves, and recur as 
dtscrete enuues at success1ve stages of cell-structure and 
cell-dtvrston, reta.m.tng theu: mchVIduahty as they are 
transtmtted from one generation to the next 

When an ovum 1s feruhzed by a sperm, the resultant 
fu:st cell of the newly conceived offsprmg thus contruns 
a double set of hereditary elements · twm pa!ts of 
chromosomes and twm palts of genes, the members of 
each patr betng der1ved the one from the male, the other 
from the female parent. Each parent thus contnbutes 
roughly half of the dete11ll.Ulants of growth to the 
offspnng. 

When the two chromosome sets are tdentlcal-wluch 
somet1mcs happens m self-feruhzed orgarusms-the 
hereditary hne 1s satd to be pure, and all members of the 
hne have the same herechtary consutuuon. When, 
as 1s usually the case (smce the two parents are very 
rarely idcnucal), there are dtfferences between the 
chromosomal or gcmc contents of egg and fertiliz10g 
sperm, the heredltru:y product 1s hybnd The hybnd 
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form then <:ontams, or may conta1n, aggregates or 
assoaattons of genes dtfferent from those of etthet 1ts 

parents or Its fellows, and thus as 1t grows may reveal a 
vanability that 1s stnctly the expression of a uwque 
constltutlon 

The chromosomes and genes 10 the fertilized egg, 
der1ved from different parents, assoCiate but do not fuse. 
They may be looked upon as a board of directors workmg 
more or less hartnoruously together 10 the orgatUZatton of 
md.Iv1dual growth, but each mamta1010g a phystcal 
chstmctness that Is not destroyed by tbeu: assoaatt.on 
In succeeding generauons they may go thett more or 
less mdependent ways, sepatatlng and recomb1010g tn 

ever-10creasmg compleXity as the number of ancestors 
Increases 

'Tlus mdependent assortment. refiecung shatp segrega­
tton and patttculate behavtour of the genes) was Mendel's 
essenttal <hscovery lt explatos much of the va.nauon 
that occurs m orgarusms of the same speaes, even 10 

brothers and sisters 10 the same farruly As the genes are 
ultram1croscopic 10 sJZe, proof of the assortment cannot 
be obtatned through chrect observatJon . 1t lies In 

statlstu:al deduct1ons based on the Olathetllatlcs of 
probabtllty when a sufficiently large number of msta.nces 
are examt.ned Nevertheless, whatever the nature of a 
szngle gene may be, the results of Mendellan ~perunent 
are not to be controverted when the populations dealt 
wtth are large enough to smooth out any Ittegulanttes 
ans10g from mcidental " random , effects 

R.eshuffungs of a firute number of genes cannot, how­
ever, promote mdefuutcly contlnued evolutJon they 
can only nlte.r the arrangement of the uruts of bas1cally 
smular orgamc forms Mendelian assortment thus gives 
ris~ to only n llm!ted (though w1de) vanabtltty For 
tna)or evoluuo.oa.ry progress to persiSt u must be supple-
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mented by other means of hered.ttary change. These 
aose when the steady ttansnusston of chromosome-sets 
and gene-sets from ancestors to descendants 1S penpdlc­
ally broken by abrupt modlficattons 1!1 the regulanty of 
the process or 10 the nature of the genes Such altera­
tions m genetic constitution are called mutations They 
take plac-e m two prmcipal ways . as clu:omosome­
mutattons and as gene-mutations. 

Not infrequently the splittlng of the twm pau:s of 
chromosomes 10 the formation of the germ-cells may be 
mcomplete, and cells then become overstocked{ or under­
stocked) w1th chromosomal mater1al Tlus commonly 
happens m plants, when the succeed.mg generation, 
grown from seeds w1th an abnormal endowment of 
growth-sttmulus, departs markedly from the parental 
type The spectacular contrasts brought about by such 
means 1n the cverung pnmrosc offered the Dutchman de 
Vries lus chief eVIdence of mutation 1n the early years of 
the twentieth century. 

Rearrangement of the chromosomal elements may also 
result (commonly 10 both plants and arumals) from break­
ages occurrmg m the chromosomes durmg the separat10n 
of the members of twm patts there may be sunple 
exchange of corresponding segments between the twtns, 
or mverston of the chromosomes by a tw1st1ng of the 
twms, or gams or losses on the part of one or other 
twtn 

Smce the chromosomes carry the genes, the geruc 
pattern in the gcrm-celllS affected by such chromosome­
mutauons Nevertheless, regroupmgs of chromosome­
segments, s1ncc they do not cause alteration m the in­
tnnsic nature of the hered!tary ~ts, have the same 
shortcommgs as gene-recombmatlons m thetr Ulability 
to sustrun radical evolutionary ad\""ance for any con­
Siderable length of time, and 1n the frame of the geo-
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log1cal tltne-scale theu: effects are rrunor tn comparison 
wtth those of gene-mutation 

Mendelian assortment IS statistically a fact of expert­
meat Chromosome-mutations are facts of observation. 
Gene-mutation, the third type of alteration 10 the nature 
of the germ-cell, ts not so directly known Tlus ts 
because the genes cannot yet be Isolated and exatniOed as 
separate phystcal entities Nevertheless, through thetr 
effects they can be located 10 spectfic parts of speCific 
chromosomes, and they are earned 10 chromosome­
mutations wtth those segments of the chromosomes to 
whtch they are .mferred to belong They have an 
eXIstence no less real than that of chemtcal molecules, and 
10 therr reactions suggest that they consist of complex 
prote10s operattng tn a matriX of nucletc aCid Therr 
mutations may well be due to changes m the composition 
of the protem molecules In any event, each gene 
has a highly spect1ic control on growth, whatever ts tts 
fundamental nature, and 10 terms of hereditary effects 
gene-mutation ts an alteration 10 thts spect6City of control 
It ts revealed man alteration tn the form or function of the 
bodtly character whose growth 10 the matur10g orgarusm 
1s controlled by the mutant gene Such mutations are 
known to occur repeatedly, and over extended mtervals 
of tune theu: cumulative effects may lead to profound 
transformations of bodily structure 

All or nearly all the evtdence pornts to the conclusiOn 
that the rnhe.rent detemunants of growth restde very 
largely 10 the chromosomes and the genes, the nature of 
which 1s reflected m the structure of the growmg 
orgarusm Except m the rare cases of pure stratns, the 
mchvtdual therefore usually displays vanation from the 
parental type through Mendelian assortment and through 
the " acctdcnts " of chromosome- and gene-mutation 
Even under conditions as nearly uruform as posstble the 
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members of a smgle populatlon will consequently respond 
chfferently to envltonmental sttmuh because of d.tfferences 
m geruc composltlon, because of 111herent dtfferences m 
potent:tahtles of growth. 

Nevertheless, the orgirusm 1s at all stages of growth 
organized in its structure and actlvltles, and a vtew of 
hered!ty that regards the genes to be stmply addltive m 
thcll' t.n.fluence 1s IlllSleadmg. Thus 1n s1mple ch!omo­
some-exchange and mverston the mutatlon mvolves no 
net addltton or subtract1on of germ-cell materJ.al, and 
the total number and kmds of genes rernatn constant 
the only recogruzable alteration lles m a re-arrangement of 
segments of the chromosomes. The modilied growth 
processes to wluch such a mutation gtves nse cannot 
therefore be attnbuted to the mfluence of new geruc 
substance, but must follow solely from posttlon-effects, 
from changes tn the locatlons of the genes, from a :recon­
stltutlon of the whole genet1c system That 1s, the 
chromosome-exchange causes some or all of the displaced 
genes to find themselves m novel enVl!onments of other 
genes 

It 1s consequently an over,slmpWicauon to regard 
the mdtVIdual genes as wholly 1solated agents operatmg 
m utter dlsregard of surrounding Cltcurostance, each 
separately deternuning some particular structural feature 
.t.n the groW111g body. On the contrary, the posttton 
effects show that each gene ts ttself mHuenced by nClgh­
bounng genes, and the whole assoaat1on of chromo­
somes may be looked upon as a comple.'i gene-envtron­
ment 1tself controlling the speofic behavtour and effects 
of md!Vtdual genes-though, as Mendel's work showed, 
there is a crude chVlston of gentc labour. 

A chromosome-assoctatlon 10 a cell is thus a highly 
elaborate and mtegrated mecharusm, each part of wb..tch 
1s 1n a stimulating and controlling enVIronment of all 
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the other parts Any sort of mutatton, though m one 
sense phystcally locahzed, 1s 10 reaction more or less 
pervasive It 1s therefore a rmsleadmg stmpWication to 
equate a parncular character 10 an orgarusm (hke ptg­
mentation 10 man, or rose-comb 10 fowls, or wonkled 
skm 10 peas) wtth the mfluence of a speCJ.fic gene or a 
few specdic genes The gene IS not the character, 
not even the character 10 embryo, not--even the po10t of 
ongm of the character-though It may be the prunary 
catalyst of character-expresston, of organ-dtfferenttation, 
as the body grows In a sense, all the genes, as active 
parnopants 10 the promotion of growth, contnbute to 
each and every character that artses 10 the process of 
growth Indeed, It may be shown experimentally that 
combmed geruc operations 10 the control of character­
expression are wtdespread thus eye-colour 10 the 
banana-fly Is directly controlled by more than a score of 
genes Conversely, a smgle gene may have multiple 
effects and control the growth of a number of" separate ., 
organs and characters thus the gene " stubblotd '' 10 
the banana-fly demonstrably promotes the growth of 
crumpled w10gs as well as of shorter bnstles 

Every mutation disturbs the equthbnum of the whole 
orgaruzed gene-complex, wluch 10 turn acts as the con­
straunng environment of each new mutatlon Srnce 
the tntncate maclunery of the gene-comple>.. (with thou­
sands of genes 10tegrated m their acttvtttes throughout a 
constantly changmg ltfe-lustory) rests 10 a delicate balance 
of mutually affective gene-reactions, any upset, however 
shght, of that balance IS more likely to be dtsadvan~geous 
than bcnefioal Most mutations are consequently 
harmful, many of them lethal Tlus 1s another way of 
saymg that the md.tvtdual genotype-the whole orgaruzcd 
assocmuon of genes 10 the germ-cell--can surv1vc only 
when lts own IDternal envuonment allows. 
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Furthermore, the chromosomes and the genes fonn 
only a compatatlvely small part of the total cell, whereas 
growth of the body as the cells chvtde mvolves the 
elaboration of a great vanety of matenals orgaru.zed m 
complex chen:ucal and phystcal ways If the genes 
control tlus process of growth they must do so not so 
much by du:cct part1Clpatton (the gene does not Itself 
become the crumpled fly-wmg or the serrate tomato­
leaf) as by st1mulat1on. The sttmulus 1s chen:ucal, and 
the genes function as actlvators, orgaruzers, and deter­
rrunants probably through the agency of catalytic ferments 
hke hormones and enzymes 

Dtrect ev1dence of the functional controls on growth 
exerused by genes 1s afforded l1l the case of those gene­
mutations wh1ch are outwardly recogruzable only through 
differences m behav10ur of the mutants, and not through 
d.Jfferences 1n anatonucal structure. Thus the normal 
form of the water-flea Daphma /ougr.rprna enJoys an 
optunum temperature of growth of :z.o0 C., Wlth Imuts 
of survwal rangmg from 11° to 2.8° C. A warmtb­
lovmg mutant, outwardly mdtstlngUlshable from the 
normal form, has, 1ts optlmum at 2. 7° C , with surv1val 
luruts rangmg from 2.0° to p.° C _ 

In summary, Mendelian theory at once illuminates the 
manner 10 wruch mchvtdual growth 15 controlled by 
1nhented factors, provtdes reasons why offsprmg re­
semble their parents In some respects and differ from them 
m others, and explains the emergence of variants w1th 
hctttablc quahucs prov1dtng the material for evolut10nary 
advance. 



CHAPTER III 

VARIABILITY 
~ 

GENOTYPIC vaoabt.ltt:y, the range of potenttal 
dtfferences between the structure and habtts of 
members of a specres that may anse through 

d.Uferences m genetic constltutton, ts not the only k.tnd of 
vanabillty 

Orgarusms do not grow m a vacuum They react to 
the sumulus of the envtronment, and although the 
deter1Illrulnts of heredity restde m the matenal sub­
stance and the arrangement of the dements of the germ­
cdls, tt ts naive to look upon the chromosome and gene 
content of the egg as the embryoruc structural content 
of the develop10g 10dtvidual Preformation, wtth each 
separate structure 10 the adult havmg tts matenal eqwva­
lent 10 the egg, ts no longer an acceptable assumption 
(though at one ume btologtsts tmag10ed they could see 
the dtmtnutive man, the homunculus, m the human 
sperm) Development IS not a strnple Chmesc-bo't 
emergence of what IS already there An orgarusm ts 
what tt becomes 

In heredtty characters as such arc not handed on 
the egg carrtes developmental potentialities only The 
potenttaltues are composite They denve from what 1s 
gtven 10 the tnhettted genotype, and they arc ltmtted by 
what the orgarusm can tolerate at every stage of growth 
They become actualtues only when there ts conunuous 
adJustment of separate parts man Integrated whole, when 
there 1s always appropnate function to satisfy chang10g 
orgaruc need But wtthm the ltmus set by the necesstty 
to survtvc, rdauvcly wtde dt.fferenccs m structure and 
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form are possible on any gtven genotyplc basts, and 
reveal themselves when gro·wth takes place 1.0 contrasted 
cnvuoruncnts. No orgamsm 1s compelled to grow to 
precise strait-Jacket speCJ.ficauon, or to travel a siDgle­
track route to some predestined end 

The effects of abnormal environments 111 modtfymg 
" normal " growth are sometJ.mes spectacular Thus a 
mere change m temperature or m telauve hur:ntd!ty may 
cause delay m the metamorphosis of certam salamande1s 
from the tadpole stage, so that gtll-beanng tndlv1duals, 
sull " larval " m not haVlng acqutred lungs, are serule m 
other respects, and che of old age. Conversely, thyroid 
e.'ttract mduces the premature metamorphosis of tad­
poles tnto frogs The add1t1on of minute amounts of 
l.tthium to the water m wluch certam fishes grow causes 
them to develop a smgle central cyclopean eye In 
amplubian grafts and chuneras thoroughly healthy 
monsters w1th two heads or two talls or displaced 
organs are common products of laboratory exper.t.ment 
Sponges may be fragmented to powder and s1eved, and 
the particles mduced to reorgaruze themselves mto com­
plete sponges agat.n. Hydra-headed planartan worms 
may be manufactured by sruppmg the s1ngle head of a 
normal worm 

These are gross e."\amples of" mutllation," but what 
1s abnormal about them 1s no more than what 1s unusual. 
The abnormahucs reside only 111 the w1de deVIations of 
growth from what has come to be expected, and not In 

the viOlation of any lni:!IDSlc property of ltVIng matter. 
They merely illustrate 10 starthng fasluon the pervasive 
rclauon between orgaruc form and condtuorung enV1!on­
mcnt. In datly CA-penence, a man may be thin because he 
belongs to a slender race or because he needs food, a 
defictency of 1ochne m the diet may lead to creumsm; 
trees lean away from the wJOd, plrucc take the1r colour 
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Dlscootlnuoos vaulatlon. wltb 
wide over\allln vatl;otiOII"'fllDSD 
to weight or ~o •traioo or beall 

- u u ~ u ~ ~ ~ ~ 
~0·~ 

~ : -Ktnds of 'l"::fl:ltlon ut four populntron s:~mples The gt:~phs 
show the proporuon:ue abundance of the d1fferent v:ltl:mts, nnd the 
Inset dtagrruns the fonns of the oormal1111d enreme van:mts 
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varunts about a norm or average. That is, the vanatlon 
is continuous. For mstance, pure-bred self-fertilized 
broad beans (genetically uruform therefore), grown rna 
garden under shghtly dtffenng envl!onmental condltlons 
of sou-type, nutntlon, msolatlOn, hunuruty, dlstance from 
the ground, and posltlon m the pod, dtsplay correspond­
mg somatic vartntton a few beans may have a wetght of 
as lmle as xo cgm or as much as So cgm , but the vast 
maJOflty (about 76 per cent) have a wetght of between 50 
and 6o cgm , and there 1s a raprd falling-away rn numbers 
on either side of the mean. Surula.r conunuous vanatlon 
1s displayed 111 the number of nbs on cockle-shells 
collected on a beach over an area of a few square yards; 
but lt 1s not certain rn thts instance that all the va11at1on 
IS free of genetlc Influence (See F1g. z ) 

Nevertheless, although there 1s thus a converuent 
analyucal dlsanctron 10 kt.nd between genetic or muta­
tional vanauon and somatic vanatloa-the one bemg 
hentable, the other aot-1t 1s difficult to resolve the two 
components m the mruv1dual phenotype. Since no two 
organtsms, even 1f geneucally Identical, find themseh·es 1n 

precisely the same enYttonment throughout hfe, pheno­
typic vanatwn 1s uruversal. Usually 1t embraces or 1s 
supenmposed on genotypic varmtlon, and as there 1s no 
abstract standard of the genotype detachable from the 
envuonment (that 1s, as the nature of the genotype Is 
ncccssaaly and mvanably marufested 1!1 some envttoa­
ment or other), the urutary mdiv1dual vanant 1s a com­
postte product of two mdcpendent var1ables 

The_ Inmvtdual fertilized egg has a w1de range of 
potenual phcnotyptc vambility. It could survive, and 
rrught grow, 111 any one of a grea.t many posstble cnvlton­
mcnts. These are, however, irut:t.al possrbiliues only. 
From the moment of 1ts conceptlon--oncc 1t beg111S, m 
fact, to grow-It 1s, of course, affected by only one 
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spect.fic environment (or only one sequence of envuon­
meots) that m wluch 1t finds 1tself of the many lt 
nught have met Its potentlahtles of form are narrowed 
down as 1t matures, and ltS resultant growth comes to be 
chrected along a defined channel · 10 1ts adult state lt 
cannot be both fat and thm, stunted and well set It 
thus matures mto a merely tnctdental mdlvtdual vamnt 
dlffenng partly by -chance from the norm of 1ts specres m 
more or less degree 

Suru.larly, the vanability of a commuruty of freely 
J.nterbreedmg members embraces the whole field of 
posstble variants that ought anse wtth growth Ths IS 

a more extended vanabthty than that of the smgle m­
dlvtdual, s10ce ( e~cept m pure hnes of descent) there 1s 
usually an mdefirutely large numbet of genotypic 
patterns m the germ-cells of a commuruty of fa1r siZe, 
permuting all the genes and gene-mutations of lts 
members But any one commuruty, however large, 
cannot meet all posstble envuonments pcrrmtung sur­
vtval, and the range of varutton actually e'<Pressed 10 1ts 
adult members 1s always more luruted than the mhereot 
range of vanabthty 

Certam stgruficant results follow from these facts, for 
dl.ffercnt mterbrecdlng commuruues of a gtven speoes 
never find themselves m precrsely the same envttonments 
Thus commuruues of trout mhab1t10g ne1ghbourmg 
streams, or of flowers growtog on netghbounng soJ.ls, 
or of gulls ncsttng on netghbourmg tslands, no doubt ltvc 
under broadly sundar condlttons, but m dctatl they meet 
apprcoable dtsparttlcs 1n food-supply or e"posure or 
temperature or crowdtng, and so tend to become 
phenotyptcally divergent 

The fresh-water mussels arc very susceptible to 
envtronmental control on the form of the shell In 
them obestty tends to Increase wtth mcrease m stream-
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velocity, and shell-thtckness w1th mcrease tn the calcmm 
content of the surroundmg water. In the sull hard 
water of a pond, therefore, ,a coromuruty of mussels may 
dlsplay fl.uctuatmg var1at1on 1n the shape of lts members, 
but on the whole 1t 1s hkely to be typtcally represented by 
forms wruch are rclauvely slender and thlck-shelled A 
ne1ghbounng stream of fresh water, on the other hand, 
may conta1n mussels of sun1lar mherent constitution · 
some of these may be as slender and as truck-shelled as 
those of the pond, but most will be relatJ.vely stout and 
thm-shelled 

When there 1s an abrupt separatJ.on of commurutles 
by physrcal barr1ers1 as of mussels of unconnected streams, 
the dlfferences may be so marked that httle var1at1onal 
overlap occurs between the separate commuruues, whlch ~ 
then appear to belong to cWferent spec1es Thus m 
France over 2 50 so-called " spectes " of the mussel 
.AlJodotlfa have been reported Rectprocal transfer and 
ctoss-breed.tng between the forms from different locahtJ.es 
have revealed, however, that enmonmentally mduced 
dt.ffcrenccs (habtta.t dllferences) are mat.nly responstble 
for the commuruty-contrasts and have been m1staken 
for gross geneuc dtfferences, and tt 1s, 1n fact, probable 
that no more than two or three d!s.tJ.nct spee1es of mussel 
are represented 

In Amenca, on the other hand, 1t has been shown that 
the mussels of a large, continuous water-body hke 
the Misstssippt rtver, in whtch there are notable envtron­
mental contrasts in dlfferent parts of the course, display 
a systematt.c change tn the form of the shell as they are 
tt.accd al?ng tts length 

Vartatto5f 1s thus ma.rufold. It has a central .import­
nne~ for evolut10n 1n provtdmg a diverstty of phenotypic 
forms \\tthout wluch there could be no contlnued change 
Sust:uned evolution obviOusly rests m the recurrence of 
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genetical vartation-the only kmd that tnheres tn the 
essential constitution of successive commuruties For 
thts reason some of the early Mendehans constdered 
evolution to be stmply and adequately explamed by 
ascrtbtng tt to a stngle llilportant factor, the accumula­
tion of a succession of mutations Thts clearly ts an 
over-sllilpWication The actual tndtvtduals fornung the 
sundry commuruties upon wluch the evolutionary pro­
cess operates are phenotypes always reflecttng a com­
ponent of envtronmental vanatton, and smce the process 
ts one of the conttnued selection of certatn actual forms 
and types and the extermtnatlon of other actual forms and 
types, the mfluence of the envtronmenr cannot be Ignored. 



CHAPTER IV 

ADAPTATION AND NATURAL SELECTION 

IN the vast ma1onty of thetr characters all orgarusms 
are adapted to hve m the enVl!onment 1n wluch they 
find themselves The alternative to not betng 

sufficreotly adapted 1s not to hve. Tlus ts a trtte state­
ment of fact It confers on adaptation a mearung that 
1mphes no more than a close correlauon between 
structure and mode of hfe Btrds have wmgs, and fly. 
Razor-shells have tubular siphons, and eat food-frag­
ments earned by the channelled water-currents. Stur­
geons are toothless, and grub In mud Ftshes have gills~ 
and breathe 1n water Heart-urduns have slender, b.ru.r­
ltke spmes, and burrow. Geese have webbed feet, and 
SWim. 

The orgarusm's abthty to function 1s clearly de­
pendent on the avrulability of a smtable environment : 
a fish out of water or a man 1n tt soon dtes. The 
adaptauon 1s always more or less spec1£ic and conttngent, 
and 1s the express10n of a relauon. The closer the 
adaptauon to a gtven envtronment, the more the organ­
Ism 1s '' spcctaltzed," the more narrowly defined 1s the 
relatiOn If the relauon ts ngtd (as when the gtant 
panda must have bamboo-shoots, the koala eucalyptus­
leaves, or starve), the adaptation may be so dellcately 
balanced that surv1val1s hkely to be precanous and short. 

In a great many cases the cruder sorts of adaptauon 
are obviOus, cspectally the mecharucal devtces for loco­
motton and feeding. Thus the horse bas the slender 
build of the fast long-<hstancc runner, not only 10 the 
general form of 1ts hooved long legs and streamhned 
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over long periods, and the same result Is adueved by 
greatly dongated roots wluch may descend scores of 
feet to reach deep-seated water. The sharp nbs and 
spmcs on the shell of the p1ddock are Instruments useful 
In fihng away soft rock as the mollusc bores the hole tn 
wh1ch 1t hves The "line-and-brut," sometunes lutn1-
nescent, on the head of the angler-fish 1s an effective 
device for enucmg prey. The most spectacular of such 
adaptations arc perhaps illustrated m the phenomena of 
nun11cry-not only the wam10.g hkenesses between one 
arumal and another (harmless fly and sungwg wasp, 
palatable and 1nedtble butterfly), but also protecuve and 
aggressive likenesses between orgarusm and background 
(st.J.ck-msect and leaf-msect resembhng twtg-structutes 
for defence, sptders sunulatmg oak-galls for attack) 

Rather less o~v1ous than large mod.lficatlons of 
structure are adaptations most clearly expressed m func­
t:J.onal and physiological behav10ur The desert-Ul­
habltlng camel stores food temporanly m 1ts hump. 
Th~ lung-fish, l!vmg m streams whtch may penod!cally 
drY up, secretes a protective gelaunous co\'"er to reduce 
body-evaporation to a rmrumum when tt bunes ttself ill 
the mud. Lactatlon-mtervals m the grassland horse, 
constantly on the move, are short, but 10 the relattvely 
sedentary rutnUlant cow, naturally 111hab1t1ng rruxed 
woodland, they are long The ability to shed part of 
the body, as when a crab sheds 1ts claw or a hzard Its 
tall, allows escape from danger Colour-patterns, warn­
mg in the wasp and coral-snake, cryptic 1n the leopard 
and arctic fox and plruce, illustrate ccrtatn lands of 
mnrucry 

The general occurrence of adaptation, tn the sense of 
tlu.s corrclauon between ccrtaJ.n characters of the organ­
lsm and the cnnrorunent in wruch tt hves, has m1sled 
some biologtsts mto supposmg that all structural 
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contour, but also m the det:ruls of muscular attachment 
and bone-JOUlt 1n almost every part of tts skeleton It 
expects to escape from enenues by never betng caught, 
and 1n open grassland (tts natural home) Its expectations 
are mostly JUStified As a prame herbtvore lt has a 
long battery of deep-crowned gnnillng cheek-teeth of 
mtrtcate structure, aclmu:ably smted,to the mast1catton of 
harsh grasses 

In contrast, such a large carruvore as the lton, whtch 
preys upon the horse and other fast runners, must be 
powerfully bmlt for attack 1ts body ts consequently 
relatlvely well-krut, masstve, and muscular, wtth short 
legs and clawed toes, and 1t cannot mruntam the speed of 
1ts prey for any length of ttme 1t thus compensates 10 
agility for loss of fleetness, and achieves tts ends by sur­
prtse Its food, bemg flesh, reqmres ltttle masttcat1on, 
and tts teeth. are short-crowned and relauvcly stmple 10 
structure, but wtth elongated stabbt.ng carunes and 
sheanng back teeth 

Among fishes " normal " forms ltke cod and mackerel 
Me almost cont10ual swunmers, wtth torpedo-shaped 
bodles and small, sharply po10ted teeth for huntt.ng prey 
They differ markedly from such bottom-dwellers as 
skates and rays-forms swttnnung by honzontal undula­
ttons of the laterally expanded flat body and feeding 
mostly on shellfish by means of teeth arranged 10 a 
mosruc pavement to function as crusht.ng nulls Stgru­
ficantlv, the secondanly aquauc mammals lJke the por­
potses and dolpluns, and reptiles lth.e the eAtlnct fish­
ltzards, bear close structural and mecharucal analogtes to 
predator-fishes lJkc the cod 

Such adaptatlons of structure are so common and 
wtdespread among arumals and plants that they need only 
be 10dtcated to be rccogruzed The swollen leaves and 
stems of ffi:lny desert plants enable them to store water 
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over long pertods, and the same result IS achieved by 
gready elongated roots wluch may descend scores of 
feet to reach deep-seated water. The sharp rtbs and 
sp10es on the shell of the p1ddock are mstruments useful 
10 fil.lng away soft rock as the mollusc bores the hole In 

which tt hves. The "hne-and-batt,'' someumes lunu· 
nescent, on the head of the angler-fish Is an effective 
device for enucmg prey. The most spectacular of such 
adaptations are perhaps tllustrated tn the phenomena of 
murucry-not only the warrung likenesses between one 
anunal and another (harmless fly and su.ngmg wasp, 
palatable and med1blc butterfly), but also protective and 
aggressive likenesses between orgarusm and background 
(suck-msect and leaf-msect resembling twtg-structures 
for defence, sptders s1mulattng oak-galls for attack) 

Rather less obvtous than large modtficauons of 
structure are adaptations most clearly expressed m func­
tional and physiological behavtour The desert-tn­
habtUng camel stores food temporanly 1n us hump. 
Th~ lung-fish, hvtng 1.n streams which may penod.tcally 
dry up, secretes a protective gelat111ous cover to reduce 
body-evaporauon to a mmunum when It bunes 1tself 1ll 

the mud. Lact.t:ttlon-mtervals m the grassland horse, 
constantly on the move, are short, but 1n the relatively 
sedentary rununant cow, naturally tnhabttmg llllXed 
woodl·md, they arc long The ability to shed part of 
the body, as when a crab sheds us claw or a hzard 1ts 
tatl, allows escape from danger Colour-patterns, warn­
ing m the wasp and coral-snake, cryptic 1t1 the leopard 
and arctic fox and pla1ce, illustrate certatn kinds of 
murucry. 

The general occurrence of adaptation, 1n the sense of 
tlus correlatiOn bcrn-ecn ccrtam characters of the organ­
Ism and the cnvuonment In wbtch 1t lives, has mtsled 
some b1ologt.sts into suppostng that all structural 
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elements and functiOnal responses must necessanly be 
adaptive, and much effort has been expended m attempts 
to prove the usefulness of sundry orgaruc features 
Some of the explanations gtven have been so uncon­
vtncmg that other workers have repuchated the uru­
versallty of adaptation, and have quoted lOStances 
seerrungly opposed to lts occurrence These mclude the 
fantastic ornament seen m some mollusc shells, the 
enormous antlers of the (now CA1:1nct) lmh elk, the 
grotesque bony outgrowths of some of the dmosaurs, 
the mcmled cheek-penetrating carune teeth of the hog 
Barbmtsa, the helmet and beak of the hornbill 

In less btzarre orgarusms lt 1s clear that many char­
acters and habtts are wtthout chrectly recogtuzable 
adaptive value 'I1us 1s notably so wtth vesttgtal and 
rudunentary organs whlch, on an evolutionary mtcr­
pretation of thetr stgruficancc, are rehcs of ancestral 
conchuons no longer perststtng It IS rufficult to unagme 
any appropriate use for the wmgs of the luwt, or the 
mmute h.tdden htnd lunbs 111 whales, or the splmt-bonc 
toe-reltcs of the horse, or the teeth of the tnfanule 
duck-billed platypus Some of these vesttges are not 
merely useless, but may be posltlvely rusadvantageous or 
harmful, hke the human appendix and wtsdom-teeth, 
and all of them divert energy of growth Some vesugtal 
structures may be converted to uses other than the1r 
ongtnal ones, but such secondary adaptation 1s no ex­
planation of essential structu.ral form human toes, 
reltcs of grasptng organs, make poor balancers, and as a 
paddle the pengutn-wtng ts contnved wtth unnecessary 
elaboration 

In any event, structural and funcuonal adaptanon can 
rarely tf ever be speofit and prectse, but must generally 
be '\ comprorruse. The envtronment occupted by the 
members of any gtvcn spectes IS not absolutely uruform 
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over the whole range of the speoes, and tnchvtduals 
must be resthcnt enough to accommodate themselves to 
more or less marked departures from opumum conch­
ttons Indeed, except perhaps 111 the almost unvarytng 
condltlons of the very deep sea, the orgarusm must 
expect to meet day-to-day and season-to-season changes 
tn envltonmental circumstances, and may need to make 
relauvely large-scale adJustment to the changes 

The seasonal effects upon many btrds, upon mammals 
hke the retndeer and the b1son, upon fishes hke the 
salmon, evoke the response of rmgrauon Some arumals 
meet unfavourable environmental conchuons by be­
commg torptd durmg cold wmters or hot dry summers 
Seasonal cycles also mvolve changes 111 food-supply, and 
restdent temperate b1rds eat seeds 111 summer, berrtes tn 

w1ntcr, canbou eat shoots, leaves, and grasses 1n summer, 
hchcns and mosses m wtnter, many carruvores supple­
ment flesh by vegetable foods dur1ng pertods of dearth­
some of them, like bears and men, becommg more or 
less undtscnmtnattng and omruvorous Seasonal change 
of appearance, as 1n a loss of wmter wool by the sheep, 1n 

the coloration of the stoat and the arctic fox, and 10 the 
consptcuous courung feathers of many b1tds, 1s a further 
tnstance of the same systematic controls The yearly 
cycle among fl.owcrmg plants 1n temperate lands 1s an 
outstandmg e.xample of seasonal effects 

A comparable lack of envuonmental untforrmty is 
expcncnccd by all orgarusms as they grow from 10fancy 

to matunty Thus adaptations of the fretus 10 mammals, 
of swlffimtng larval stages 10 crabs and lobsters, of cater­
pillars of moths and butterfues, are useless tn the adults, 
and arc partly discarded as matunty ts reached In most 
groups there ts often stgruficant (though usually not 
large-scale) mtgrauon from one envtronment to another 
at vanous stages of growth. 
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Influenced by these complex vartables, the mdtvtdual 
cannot be closely and comprehensively adapted through­
out Us l.tfe to any smgle static envtronment, but must 
exluht a generaltzed over-all response to the fluctuations 
of events, and must be prepared (tf lt Is to survive) to 
accommodate ttself to the confuctmg or succcsstve 
demands of the different and changeful elements 1n Its 
total enVIronment Some of Its structures and potential 
functions are at times dormant, and may become obsolete 
and cease to have adaptive stgruficance tf the enVIron­
ment should suffer contmumg change-as 1n fact geo­
logical evidence shows all environments to have done 

Adaptation ts thus not a sunple conception, and Is not 
always revealed by Inspection Smce It reflects a 
balanced relauonshlp between orgarusm and enVIron­
ment, an cmpmcal measure of Its occurrence and Its 
effectiveness IS gtven not by equatmg smgle characters or 
functions wtth specific uses, but by the success wtth 
wluch members of a species manage to overcome the 
rusabiliues of eXIstence The proof of that success can 
only be rn terms of the survival of a sufficient number of 
mdtvtduals to reproductive matunty, and thus of a 
mamtcnancc of the numencal slZe of the spcctes from 
generation to generation If numbers are mruntatned or 
mcrease, the spectes ts well adftpted, tf they dururush, 
ill adapted An objective defirutlon of adaptation ts 
thus a reflection of thts relationship between orgarusm 
and enVIronment what Is adapted Is what slltVlves 

The phystcal envttooment IS mrufferent to organtc 
survtv.tl, and Is not Itself adapted to the orgarusm The 
best lt can do for the adapted form IS not to change In 
fuct tt a h., ays changes If the changes are too rapid or 
too rarucal, as dunng the onset of an tee age, adaptation 
alnnot keep pace, and widespread extinction follows 
T1us happened m the northern hemiSphere 10 the re-
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latively recent geologtcal past, when a great many lands 
of orgarusms were e1ther kllled off or were restricted m 
thctr gcographtcal range \Vhen the changes are long­
term, the more fortunate arumals and plants may surv1ve 
if m succcsstve generations they make appropnate 
adjustments of structure and function-that 1s, 1f they 
evolve along the nght hnes The envtronment therefore 
1s always hosule 1n more or less degree to the mdtvtdual 
orgarusm or spcc1es, and there ts a never-end.mg struggle 
for stw.rtvalm the teeth of this hosuhty. 

To the smgle species, however, the environment IS 

not Sltnply represented by climate and geography It 
also mcludes all the other spec1es of orgarusms \Vlth which 
there aught be contact. Indeed, the mouse sees the 
hosuhty of the cat or the hawk more 1mmedtately than 
the constr.unts of weather or food-supply Competition 
between spectcs mcludcs not only the obv10us lnter­
dependence of prey and predator (so that the fast zebra 
escapes the hon, the agtle lion captures the zebra), but 
the much more devtous chru..n of food-relauons mvolvmg 
both plants and arumals, fluctuations 1n any link of which 
lmmed.L'I.tely affect the surYtYal of all the other links. It 
also 1nclndes the d.trcct competlUon between specres for 
the supply of a lumtcd good, as of b1rds for terntory or 
for much the same food. Any adaptive advantage then 
confers a transttory survwal-value on the spcc1es possess­
mg 1t, and In succeeding generations there anse corrc­
sponchng changes 1n the balance of spcctcs-populattons. 

-Fl.ntllly, wuhm the smgle spcocs (mclud.mg such slow­
growmg spccrcs as elephants) the reproducuon-rate 1s 
enormous, far more 1!1dtv1duals betng hom than can 
posstbly surnve. Thus the Indtvtdnal oyster may lay 
S1X to rune mtllton eggs, the hag twenty to tlurty Il11l.hon 
eggs, :tt a smglc spawnmg. A lugh reproduction-rate is 
an adapn,·e msurno.ce for the spcoes, but 1f the ada pta-
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tton IS too successful, tf too many md.tvtduals survtve, 
the end 1s defeated, and the survtvors overstock the.tr 
provmce to the pomt of starvatton To restore eqw­
lJbnum a great number must necessarily be killed off 
before matunty, and then take no part In evoluuon 

Many of the premature deaths are no doubt " acCI­
dental" and random, but those md.tvtduals whtch survive 
conunue to be subjected to competitiOn With thetr 
fellows Thts may well be more mtense than the 
competmon between speCies, smce all of the one 
kind are concerned to get the same good thtngs 
(espeCially food, but also shelter and mates) The direct 
Interspecific struggle may be vu-tually non-extstent for 
the smgle Island speCies lJke the dodo of Mauouus 
(before man appeared), and among some of the larger 
mammals, ltke the elephant, polar bear, uger, 1t may be 
negllgtble, except tn Infancy But compeuuon Wlthtn 
the speCies 1S uruversal 1t may even penetrate the 
uruform protecuve envu:onment of the marnmallan 
womb, where the faster-growmg fcetus may out-race 
nnd obliterate tts weaker stb or twin. 

Compounded of phystcal and orgaruc factors, the 
struggle for survtvalts thus an extremely complex pro­
cess, not readtly resolved Its resul•s are net results, 
success tn the struggle bemg judged solely by the fact of 
survtval to matunty Except m very small populauons 
1n whtch chance and random effects may achteve a spectal 
stgruficance, there IS a probability that the struggle will 
gtve some net relauve advantage to those specres or 
tnd.tvtdual vanants whtch on the whole arc better 
'ld.'tptcd to the envuonment than thetr netghbours 
(Thts prohl>bility, bemg no more than a probability, an 
average expectauon, does not necessartly ensure the • 
survtval of any stngle md.tvtdual however well adapted tt 
may be Survtval-value attaches only to samples m 
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bulk, and as between dlffcrent varteues and spec1es 1t 1s 
measured by the relauve proportions of those wluch do 
m fact surv1ve ) In the result, there 1s a dtfferenual 
selection of kmds of orgarusms, and a consequent end­
lessly changrng balance of numbers wtth advancmg ume. 

Thls was the fundamental theoreucal mference made 
by Darwm In lus explanatton of the evolutiOnary process 
-an Inference confirmed by all subsequent work. No 
matter how evoluuon proceeds, natural selectton 1s an 
operatl.ve factor that cannot be neglected. In Its 
mecbarusm tt 1s a passive filter, though lll tts results It 
has a more constructive role It elmunates the " unfit," 
those orgamsms msuffictently adapted, and then shows a 
preferred b1as towards those survivmg But tt cannot 
mduce structural novelues for future selecuon, and thus 
cannot 101tmte evoluuonary lmes. 

In any spectes the novelucs arise only when mutatton 
occurs, and sustained evolution 1s the cumulative pro­
duct of a succession of mutauons expressed 1n a selecttvely 
preferred senes of mutants Most mutations are harmful 
or lethal (wluch ts to say that they find the enVironment 
d!scoumgmg) But when the advantageously adapted 
mutant anscs and stands a better chance of selection and 
reproductton than Its fellows, 1t gradually permeates the 
spectes, replacing the " old , type at a rate dcpenclli:tg on 
1ts proportionate supenonty and the pertod!ctty of Its 
occurrence (provtded the siZe of the populatton 10 wh.I.ch 
1t occurs IS large c:nough to allow the laws of probablltty 
to apply) 

Thls picture of the action of natural selection on 
mut.'ltlons, howeYer, needs to be filled out bv reference 
to the teal conditions 10 large populations. A mutatl.oh 
Is usually change 10 a single gene Each mchVldual 
gcne·associauon contams thousands of genes, every one 
of whlch may (presumably) undergo mutatlon. The 
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number of genes 1n the germ-cells of a whole populatton 
may amount to blihons Many mutations occurnng 10 
a great number of genes thus certatnly happen 10 every 
generatton, even though mutat10n-rate may be low 
Each mutation 1s not solely a change .tn a sohtary gene 
1t mfluences and 1s 1tself mfluenced by the whole gene­
complex 10 wluch 1t occurs Free mterbreed.tng be­
tween the members of a large population ensures endless 
change .tn the comb.tnations and proporuons of genetic 
factors 1n success1ve generat10ns A smgle coromuruty 
1s consequently made up of a great vanety of mdtvtdual 
types, dtffermg .tn shght and often subtle ways from one 
another, and meettng not preCisely the same Circum­
stances throughout all thetr hves 

Natural selection 1s thus not offered 10 any one spee1es 
a stmple clean~cut ch01ce between the " fit " and the 
"unfit." but must dtscrmunate (.tn large populations) 
between a host of vanants dtsplaytng nu.xed phenotypy 
through the 10teraction _of a great number of genes and 
thetr mutations Its results are e>..pressed 1n the changmg 
proportions of mutants .tn successtve populauons In so 
far as selection deternunes the frequenc1es wtth whtch 
dlfferent mutants survtve, 1t l.ttruts the random dtstnbu­
tion of genes through a population, and so gtves a pre­
ferred dtrecuon to the lme of succession. In this sense tt 
m'ty be looked upon as an active part1c1pant 1n the evolu­
tionary process-mdeed, as the agent whtch decrees 
the course of evolution once the mutant types are 
provtded 

The results of systemanc selection are stattst:lcal, and 
ensue only tf the process operates m a suffiCiently large 
brcedmg population (For .tnstance, one of the effects 
of changmg the so6al environment dunng the past 
hundred years has been to mcrease the average cxpecta­
uon of l.tfc 1n Br1ta10 from about forty-seven to rather 
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more than s1xty years. Th1s, of course, 1s a statement 
true only for a large enough sample of the population : 
1t does not follow that a score of men may not by chance 
all chc before reachmg thi!ty, or all live to be e1ghty) 
The more mtcnsc the pressure of natural select:J.on, the 
smaller 1s the rrurumum s1zc of population-sample 1n 

wluch 1ts effects are stgruficant and systematic, smce the 
less 1s the envtronmental tolerance of vartants deparung 
wtdely from the mean 

There are a few spec1cs wluch ex.tst m very small 
numbers (for mstance, the Chatham Island robm 1.n 

twenty to forty prurs, the lizard Lacerta mnom m perhaps 
s1xty to e1ghty tnchvtduals on a rock too yards square m 
the Canary Islands, the prunrose CEnothe1 a orJ!.allensrs 1.n 

perhaps 500 plants 1n a few valleys 1n New Mex.tco), 
and 1n them selection may not be systematic, and random 
evolutionary " dnft " may occur But the populauons 
of most kmds of orgarusms are very much larger than 
the nurumum for cffecuvc selecuon and dl!ected evolu­
tion, wruch may then be looked upon as the normal 
process. 

D 
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EVOLUTION IN TIME THE FOSSIL RECORD 

GENETICS 1S an essential part of evolutionary 
theory the analysts of the mecharusm of heredlty 
1S foundational to a proper understandmg of the 

matertal w1th wluch evolution works But the few 
bnef generatwns of banana-fues and gumea-ptgs and 
garden-peas that have been studled dunng the past half­
century have dlsclosed no great evolutionary advances • 
the amount of genetical dlvergence as yet obtruned by 
arufictal selection and cross-breedlng hes wholly w1thln 
the confines of the sm.gle spectes, and 1s merely an mdlca­
t10n, not a demonstration, of what may be mferred to 
have happened over many thousands of years Evolu­
tion mvolves a prolonged tune-sequence of forms 
Geology provides such a sequence covenng hundreds of 
nullions of years dunng wruch orgarusms now fossu 
were continuously evolvmg It thus sets m true per­
spective the results of genetical study 

Fossus, on the other hand, are dead, and although 
under very exceptional condltlons of preservation they 
reveal mtunate cell structures----clu:omosomes are srud 
to have been Idenufied m the cell-nuclei of some early­
Teru.ary 1 foss!.l plants-they are not amenable to 
laboratory expenment on growth and development, and 
vtrtually nothmg Is directly known of theu genetic 
rela.uons In compensation they provide a great number 
of lOStances of hoes of evolutiOn Ul wruch the change 1n 
structure Is not merely Wlthm the smgle speoes or from 

1 A t:tble of the geologtcal eras and form2tJons IS wven oo p:~ge 1 zo 
so 
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spcctcs to specres, but covers an extended range from 
genus to genus, fanuly to farruly, even order to order, and 
occas10nally class to class For mstance, the transltlon 
from goruatltcs to ammorutes, from fishes to amphlbtans, 
from reptiles to mammals, 1s known 1n fatr detrul Fossils 
thus provtde evidence of the course of evolution. 
Genetics provtdes eVIdence on how It 1s to be mterpreted. 

The deta.tls of the evoluuonary success10n, however, 
arc fragmentary. It IS usually nnpossible for orw.rusms 
lack..tng a hard and durable skeleton to be preserved as 
fosslls. Except as occasional tmpresstons In very fine­
gratncd mud, whole orders of mvertcbrate arumals are 
thus rrussmg from the fossil record-for mstance, 
amcebotd uruccllular arumals, sea-anemones, Jelly-fishes, 
worms Most plants also pensh before fossthzatton ts 
possible, and only when they are buned under the relatively 
c..xcepuonal atrless condtttons of peat-formation are 
they found abundantly m the rocks. Thus few plant­
remams of any kmd have been dtscovcred m the oldest 
fossiliferous rocks, though clearly an abundance of 
trtlobttes, molluscs, and other marme arum."'.ls m the same 
rocks tmphes a correspondmg abundance of plant-food 
at the t1me of rock-forma.uon. 

A lack of skeletal hard parts may supply a reason why 
no eYtdence has yet been discovered of the ortgm of the 
maJor groups of arumals and plants. The fossil repre­
sentatives of each group are already fully dtffercnttated 
when they first appear m the record, and the .unphcatton 
1s that they must have had a long antecedent lustory. On 
the other hand, the negative eVIdence of absence has 
been taken by some Mendehans to mdtcate a maJor break 
10 eYoluuona.ry conttnmty, and they have postulated the 
occurrence of " large " mutations to e>..-plam the leaps 
from forms Without to forms wtth a skeleton -

Dtscontmmty m the evoluttonary succession may also 
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Grnr:ncs 1s nn csscnual p1.rt of cvoluuonary 
thcor} the aml} sts of the mech1.msm of hcred1ty 
ts foumhuoml to a proper undcrstandtng of the 

matettal wtth wluch cvolutton works But the few 
bnef gencmttons of ban1.nn-fhcs and gutn~-ptgs and 
g'<rden-pcas t:lat have been stuchcd dunng the past half­
cc.ntury have dtsclosed no great t.\oluuona.t') ndvanccs 
the amount of gencucal dtvcrgencc as \et obtatncd b> 
arttficull sclccuon and cross-brccdtng hes \\ holl} v:tthtn 
the confines of the stnglc spectcs, and ts mcrdy an tndtca­
uon, not n demonstration, of \\hat m1.y be tnferrcd to 
have happened O\ er man} thousands of i cars Evolu­
uon mvolvcs a prolonged ttme-sequence of forms 
Geology provtdes such a sequence covermg hundreds of 
mtlltons of years dunng whtch orgnmsms now fosstl 
were conunuously evolvtng It thus sets 10 true per­
spective the results of geneucal stud) 

Fosstls, on the other hand, arc dc:1d, nod although 
under very CAcepttonal condtuons of prescrvnuon the} 
reveal mumate cell structurcs--<:hromosomes arc sntd 
to have been tdenufied 10 the ccll-nuclet of some carl}­
Teruary 1 fosstl plants-they arc not amenable to 
laboratory expenment on growth and development, and 
vtrtually nothmg 1s dtrectly kno\\ n of thetr geneuc 
relations In compcnsatton they pro" tde a grc:1t number 
of Instances of hncs of evoluuon 10 wluch the chnnge tn 
structure 1s not merely \Vlthtn the smgle speCles or from 

1 A table of the geo!ogu:al ems nnd fomutlons ts gtven on p:tge no 
so 
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spectes to spec1es, but covers an extended range fr~ 
genus to genus, farruly to fanuly, cren order to order:~=. 
occas10nally class to class. For instance, the ~~~10n 
from goruatttes to ammonites, from fish:S to ~ruo•::~;: 
from reptiles to mat:rll'rulls, 1s knmm. .1n fair de~ Fo:sll5 
thus provtde ende.ace of the cou~ m: ~olunoa. 
Genetics provides evtdence on how 1t is to ~e intetp:r~ed. 

The details of the evoluUoD2.!J successton, ho-;;:--~er.. 
are fragmentary It IS usually unposs1b!e for org>..!lisms 
lackmg a hard and durable skeleton to be preserred as 
fosstls. Except as occastonal .unpressions in "i"ei) fuie­
grruned mud, whole orders of invertebrate wirmls ~e 
thus missing from the fossil remrd-for ins..zlct; 
amrehotd urucellular animals, .sea-anemones, Jelly-fuhes, 
worms Most plants also peash before fossilization is 
poss1ble, and only when they are buried under the relatr~-e!;­
~ceptiOnal airless condu:!ons of peat-formatron are 
they found abundandy 1n the rocks Thns f~ plant­
reroams of any kmd ha\e been dtsco\ered in the oldest 
fosstltferous rocks, though clearly an 2bundance of 
trtlobt~es, molluscs, and other marine ailll1Ws in the 52 me 
rocks unpltes a couespondmg abundance of plant-food 
at the ttme of rock-formauon 

A lack of skeletal Iw:d parts may suppl] a reason trhy 
no evidence has yet been discovered of the oo.g-a.n of the 
maJor groups of arumals and plants The fossil ~ re­
sentattves of each gtoup are already fuih- dttferen:fted 
when they first appear m the record, and tbe unpli 
ts that thev must have had a long antecedent lusto . ca~n 
~e othaker hand, the negative evidence of abse:i'ce han 

een t -en by some Mendella.ns to tru:U 5 
1n evolutionary cont:Jnw and cate a major break · 
occurrence of " lar , ty, they .have postulated tJ; • 
fr £ ge mutations to explam th 

om. orms without to forms With ke1 e ~' 
DlScontlnwty rn th 1 a s eton. • . 

e evo uttonary successton ma 
• ·' , 
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than the younger geologtcnlly recent e• oluuonary 
sencs nrc cono;t.qucntl} more 'lmpl} documented than 
gcolo~tc'lll}' anctcnt Stncc phnts arc fosslll7cd m 
'lbund'lncc only ''hen the) arc protected from complete 
dcca} on death, they 'lre preserved most often under the 
condtttons of pe'lt-formauon anctent pc:1ts nrc not 
'' tdcl) rcprescntt.d 10 the gcologtcnl record, e.'cept 1n the 
group of strata !.no\\ n as the Co'tl Measures 1t there­
fore h'lppens th'lt fosstl plants of C'trbontfcrous ar;c are 
on the whole more completely knov. n than an} before or 
smcc The \\estern part of North Amcnca w:ts an area 
of nccumuhuon of \\ tdcspread lake 'lnd rt\ cr dcpostts 
dunng the Tcrtt'lr)' en (the last stxt'\ mtlhon \cars or so) 
the c\·oluuon of mammals ts consequently f'lr better 
known (as y<-t) from the fosstls of that contment than 
of nny or her p:trt of the \\ orld 

Nevertheless, the rncomplctcncss and btas 1n the fossrl 
record arc dntl) bctng reduced, 'lnd the course of c,·olu­
t.lOn 1s now broadly known for most groups of '\rumals 
and for a number of groups of plants In some well 
preserved fosstl scncs the stages of succcsst'\c change 
arc mtnutcly rcvcnled 10 an abundance of matcnal, and 
allow thorough analysts of the mode of evolution In­
aced, what can at present be s:ud w1th com tcuon on the 
long-term evolution of orgamc groups htghcr than the 
speCies lS almost enurcly based on the cvtdcnce proVIded 
by such senes 

A very few fosstl types appear to have survt\ed almost 
unchanged for several hundred m1llton years the 
present-day lamp-shell Lmg11/a ts VCr)' llke spcomcns of 
the genus found 1n rocks of Ordovtoan age (Ftg ;), 
and typtcal oysters dllfenng only trlvta.lly 1n shell-form 
from those llv10g today arc found fosstlm rocks depostted 
18o nuiiTon yeats ago In most cases, however, 
successtve generauons of fosstls consutuung an evolu-
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ttonary sequence show marked changes In form as they 
ascend the tlme-scalc. For mstance, the molluscan group 
to wluch the llvmg pearly nauttlus and 1ts km belong 1s a 
long-l.tved one, members of wluch are known from the 
carl.test foss1hferous rocks Du!lng the Lower Palxozo1c 
era, some 500 to ;oo rrull.ton years ago, tt was typtcally 
represented by corneal shells more or less loosely co1led 
mto a plane sptral w1th mternal paruuons of gently 
concave form div1dt.ng the shell mto chambers In the 
succcedmg Upper Palxozo1c era, some ;oo to zoo mtlhon 
years ago, the typtcal members of the group were the 
goniat:J.tes, nghtly cotled forms w1th sharply corrugated 
mternal paruuons They were succeeded 1n l\Iesozo1c 
ttmcs, zoo to 6o mllhon years ago, by the ammorutes, 
wluch became so abundant that the era 1s sometimes 
known as the Age of Ammorutcs Sull more elaborate 
than the goruautes, ammorutes have a shell v:uh ornament 
of r1bs, nodes, and tubercles, and w1th complexly frilled 
and contorted t.nternal paruuons (F1g ;) 

A very dlfferent group of arumals-thc graptohtes-
15 now wholly exunct, 1ndeed 1t did not survtve Palreozo1c 
tlrucs; but 1t illustrates comparable changes t.n form 
The group was colorual, each mruv1dualllv1ng t.n a small 
skeletal cup connected w1th ne1ghbourmg cups arranged 
m hncar rows. The carltest colorues consisted of a large 
number of branches radiating from the 1ruual parental 
mdlvtdual, wnh a smgle row of stmple corucal cups 
extending along each branch. In later forms there was 
progressive sunphficauon of the branclung, but pro­
grcsstvc elaborauon of cup-form. The number of 
branches was reduced first to eight and four, and then to 
two, and finally to one (though there were some chgrcs­
stons from the l.tne of simple rcductlon). In evolutlon 
the cups 1n some forms became square-cut, 10 others 
hooked, 1n others bell-shaped, in yet others elongate and 
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tubular, there bemg a number of chvcrgeot lines of evolu­
tiOn tn cup-shape '' luch can he folio\\ eel 10 some dctatl 
from forms '' uh s1mple to fonns \\ tth compk.~ cups 
0\ cr much of the record the ttmc-scquence IS' cry closely 
reflected 10 the fosc;1l successton, so that the c;evcnl 
evolutionary st:-tg<.s c'lo be used for vet") prcctsc d'lung of 
the rocJ,s 10 '' h1ch the\ 'lre found (r1g ;) 

A thml group of antm'lls-thc sc:'1-urcluns-1s n~rly 
as long·h\ ed :1s the molluscs. The c;ultcst repre­
scnt:ttl\'es arc lnO\\ n from OrdO\ 1cnn rocks, :tnd 
mc..mbcrs of the group still u..tst m large numbers The} 
posse~s a more or less globular skeleton, consiSting of 
ver} mam phtcs fitted together 10 n mos'ltC In modem 
forms thc.. mos:uc has n !ugh degree of S) mmct[), Wtth 
the plates nrram~ed on a radtal fivc-rn} cd plan, but the 
S} mmetry ''as Imperfect m Pah:ozo1c ttmc..s, '" htch may 
be constdered a pcrtod "hen the group ''as slowly 
ncqwnng tts most successful baste form In later ems, 
pamcuhrly dunng the Mesozotc, st:'lgcs 10 progressive 
adaptauon to d1fferent cnvu:onmcnts nrc clca.rlv shown tn 

the fosstl successton Those sca-urchms '' luch, hle 
the prcsent-d'ly erub)e urchtn, contmued tO ltve on the 
rocky sca,fioor retamcd the radt'll symmetry 1.nd the 
large predatory Jaws of theu: ancestors, and developed a 
gr~t vancty of long tluck protective spmcs But those 
cntcrmg as sand- and mud~burrowcrs the novel em.uon­
mcnt of the soft sea-floor evolv-ed by lostng the radt'll 
symmetry as front end became dtffcrcnuatcd from 
hmd theJr shclctal plates became tlun and delicate, and 
thetr spmes h:ur-l!J...e, and they exchanged a predatory for 
a mud~eatmg habtt, w1th a consequent loss of Jaws. 
The stages of the passage from a sub-globular shape to a 
heart-shape are' well preserved m the rocks of the 
Jurnsstc and Cretaceous formations, spcctcs showmg 
var1ous degrees of loss of rachal symmetry and of pw· 
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structure fonrung connect:tng lmks between the ancestral 
regular and the descendant trregular forms 

Among the plants, evolutionary deta11s are not so 
fully known, but the pntn1t1Ve land-forms of the Old Red 
Sandstone show a progressiOn tn structure from leafless 
and rootless types to the large arborescent " tree-mosses " 
wluch reached thetr maxunum development 10 the 
succeechng Carboruferous pertod The corufers flppear 
to have ansen Ill late Carboruferous ttmes, posstbly from 
forms already present 1n the Old Red Sandstone Most 
Pah:eozmc and Mesozo1c plants had naked seeds, but the 
Caytoruales (a small group of Jurasstc forms tn other 
respects gymnospermous and thus comparable wtth the 
corufers) possessed seeds enclosed tn seed-cases they 
may thus represent a ltnk w1th the most advanced plant 
group, the ang10sperms or flowenng plants The 
Tertiary era was marked by great advances tn the 
ang10sperms, parttcularly rmportant to arumal economy 
bemg the spread of the grasses whlch allowed ll. vast 
number of Teruary herbtvorous mammals to evolve and 
tlounsh 

These examples of evolut:tonary development are not 
always readily related to envtronmental controls, partly 
because the skelet2.1 adaptations and exact modes of hfe 
of fossil forms are not always deterrrunable, partly because 
the full envtronmental context of fossil spectes 1s largely 
unknown Nevertheless, there ts strong tndtrect evi­
dence that secular geological changes are a powerful 
t.nfluence on the mode of evolutton, and at least one 
maJor event tn Earth-lustory of v10lent environmental 
change appears to have had unmechate and drasttc con­
sequences on plant and arumal life, and to have been a 
cause both of widespread e:xt:J.nctton of prev10usly 
" ful"" ld" d f 1 success o types an o great evo uttonary 
sttmulus to « new " 
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Tlus occurred 1n the mterval of ttansltton between 
Palreozmc and Mesozotc tunes, when there was locally 
mtense mountat.n-bu1ldmg, accomparued by radical 
changes t.nland-and-sea relationships. The geographical 
revolution was paralleled by great clunattc oscillations : 
wrdespread desert and sem1-desert conditions are repre­
sented m the contemporaneous strata by red beds, and 
glacral condltlons by moratruc boulder-beds The 
geograplucal revolution appears to have been world­
wide, and mevuably to have had profound effects on 
orgaruc hfc 

Most groups fiourtshlng In numbers and kmds dunng 
the Palreozoic era suffered great d.urunutwn, some bemg 
completely cxtermmated, and the renewed evolutionary 
expansion of the survivillg groups dunng the Mesozoic 
occurred from nuclear stocks whlch m many cases had 
occupted UlSlgruficant positions .tn Palreozmc umes. 
Thts cnsts m evolutionary history 1s notably expressed 
10 the fossil rematns of tnlobttes, corals, sea-urchins and 
thCli km, molluscs, lamp-shells, and sea-mats among the 
commoner kmds of mvertebrate arumals, and among 
the vertebrates lt marks the change from the Upper 
Palreozoic Age of Amphtbtans to the Mcsozo1c Age of 
Repules-only two illsigruficant amphibian groups 
(frogs and newts) survrvlng to later times Ul appreciable 
numbers Among the plants there was a great dechne 
ID the dommant group of the seed-bcarmg fern-like 
'ptcndosperms, and a replacement of them by cycads and 
pnm\tiVe comfers It Is a fa1r t.nterpretatlon that the 
matenal condtttons of the emru:onment were mrunly 
rcsponstble dunng the penod for the profound evolu­
tionary effects 

Adaptation t.n the vertebrates lS more readlly ascer­
tat.ned from anatorrucal structure than m the mverte­
bnttes. Thus the use of land arumals, mvolvmg the 
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lund paddles that could have aclueved only slow speeds 
The fish-Lizards (tchthyosaurs), on the other hand, 
evolved a fully developed fish form, wtth degenerate 
lund ltmbs, fin-like fore limbs (see Ftg 1, page 13), and an 
expanded fleshy tatl for sculling presumably they 
were open-sea, fast-sw1ll11D.lng creatures like the present­
day dolpluns and porpotses 

Opporturuty for thts evolutionary activtty and wtde 
dtsperston seems to have come wtth the great geo­
graphtcal changes that took place at the end of Palreozotc 
ttmes, when the repttles found themselves wtth what 
were vtrtually urunhabtted continents awatttng thetr 
occupation They entered most of the maJor adaptive 
ruches avatlable to them, though there 1s no mdtcation 
1n thetr tooth-structure that they were ever at home 1n 

grassland country 
Mammal-like repttles appeared at the end of Palreozotc 

times, and occastonal fossils of small, marsuptal-ltke 
mammals are found 1n the Mesozotc rocks But the 
reptiles remamed the domtnant land arumals throughout 
Mesozotc umes (that ts, for some 120 mtllton years), and 
under such dommance the mammals could make little 
evoluttonary advance At the end of that era, how­
ever, most of the maJor famtltes of repttles dted out, 
and those whtch perststed were greatly reduced m 
numbers 

Dunng the Terttary era thetr place was taken by the 
mammals, whtch show tmprovements on repttltan 
structure notably m the stze of bratn, the mecharucs of 
lunb-formatton, and the spectaltzatlon of the teeth, 
but m broad outltne they paralleled the reptiles tn thetr 
adaptation to the different enVtronments open to thetr 
occupation The whales and the dolpluns are the aquatic 
counterparts of the fish-ltzards, and dtsplay a sl1l11lar 
atrophy of the lund ltmbs, encasement of the much-
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shortened fupper-l.J.ke fore l.J.mbs 1n leathery skm, and 
expanded fleshy tai.l The bats (wluch, however, truly 
fly) sunulate the pterodactyls m wJD.g-fo.tm, though 
there arc dlfferences tn strut-construction, all four 
fingers m the bats parucrpaung 10 support of the skin­
fold. The rhmoceroses closely reflect the horned 
dJD.osaurs tn general bwld, and the kangaroos have a 
heavy balancmg tat.l hke that of many of the btped.al 
dJD.osaurs. The parallelism 1s, of course, not prectse, 
nod there arc no mammal.J.an eqUivalents of the bronto­
saurs or the tyrannosaurs or the btrds, and no repul.J.an 
equivalents of the horses or the cats or the prunates 
But the broad fact of adaptlve radiation Is recurrent In 

the two vertebrate classes, and 1n smular environments 
s1lllllar forms were evolved 

Durmg Ternary tunes the chstnbutlon of contulents 
and occ.1.ns was m fundamental plan much as It ts today. 
The Old \Vorld formed a self-contamed uut more or less 
freely open to mammalian 1n1gration It was, however, 
not completely severed from North Amenca, and there 
was for most of the era a wtde land-brtdge m the region 
of the Behring Strruts whtch allowed a common range to 
such Old-\Vorld and New-World forms as horses, 
elephants, oxen, camels, deer, cats, wolYes, and bears 
Austraha, on the other hand, seems to have been Isolated 
by a sea barrter from at least the end of Mesozo1c days, 
and South America was only mterffilttently connected 
w1th North Amcnca by the narrow land-brtdge of the 
Panama Isthmus Thus three contmental reg10ns be­
came more or less mdependent centres of mammalian 
evolutionary radiation. The marsuptals of Australia 
are the most exceptional, but strange kmds of arumals 
nrc also common (and formerly, as fossils reveal, were 
even more common) in South Amertca The differences 
between the three regtons strongly Imply 1f they do not 
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prove that evolut10n ~s dependent on local ctrcumstances 
for the course lt follows 

At the same t11Ue, there are close adaptive slJllllanues 
between the forms from the three maJor regtons which 
are even more revealing 10 the hght they throw on 
evoluttonary processes In North Amenca and the 
Old World the placental mammals display a broad 
dtchotomy m descent from thetr late--Mesozotc ancestors 
carruvorous forms wtth powerful stabbmg and shearmg 
teeth are dlstmgwshed from herbtvorous forms wtth 
cuttmg and gnndlng teeth In substdiary detall, the 
carruvores show evolutionary branching 10to dog-hke 
and bear-ltke forms, cat-hke forms, stoat-hke forms, 
whose general modes of hfe differ 10 more or less degree 
It iS htghly stgruficant that m the absence of compeuuon 
wtth placental mammals, one hoe of Australian marsuptal 
evolution led to the thylac10e (the Tasmaruan wolf), 
whtch iS almost the prectse eqwvalent of the dogs, and 
another to the koala, which ts almost the preose eqwva­
lent of the true bears, wlule dunng rrud-Teruary tlnles 
10 South Amenca marsupial eqwvalents of the stoat 
fanuly were not uncommon 

Stnularly, the placental herbivores (most of whtch 
are hooved) show constderable evolutionary chfferentta­
tion mto a great number of groups m the Old World 
and North Amenca, whlle forms havmg no near relatton­
slup were evolv10g mdtgenously 10 Australla-and South 
Amenca along subparallel lines to gtve end-forms dls­
playmg astoruslung sumlanues to the placental rnatnmals 
m general outward butld Notably, 10 South Amertca 
some of the ext10ct htopterns m tbeit three-toed and one­
toed lunbs were closely hke the true horses to the north 
(.rce Ftg h page 73), the macrauchenuds were three-toed 
dry-grassland creatures hke the two-toed camels 10 

bmld, the toxodonts were masstve and rhmoceros-hke, 
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and the astrapothcres had long mctsor-tusks and a short 
trunk, givmg them an appearance hke that of pw:rutrve 
elephants 

Such parallel senes 10 mdependently evolvmg and 
Isolated groups of ma.mmals proVIde connne1ng evl­
dcnce of the control of environmental selccuon on hnes 
of evolutionary development . In surular c1rcumstances 
s1mtlar forms arc evolved At the same tlme, too 
swcepmg conclustons should not be drawn from the 
surulanttes, for the parallelism 1s always InCX.'\ct 1n 
detatl, and the precrsc plan of evolutionary change 1s not 
repeated 10 the separate groups The adaptive response 
of the orgarusms must therefore be referred to the selec­
tiOn of mutants (and so of gene-associations) wruch were 
randomly dlfferent In the dJ.ffcrent areas, and not to 
ant1Clpatory pre-adaptation 10 the vanous stocks 



CHAPTER VI 

FOSSIL SERIES 

T HE general sequence of fossllS 111 the sedunentary 
rocks provtdes an outltne ptcture of the course of 
evoluuon that 1s effecttve proof of the reab.ty of 

the process The mterpretatton of the changes m tune, 
part.tculatly as they are dtsplayed by the vertebrates, ts 
one whtch ascnbes a central place to the role of adapta­
tion 111 promotlng evolutton The sequence, however, 
1s a general one, and gtves no mdtcatton of evolutionary 
mode, ev1dence of whtch 1s mainly provtded by short 
segments of fosstl senes which happen to be unusually 
complete and well preserved 

A suffictently large collectlon of fossils of any one 
orgaruc group may usually be arranged m senes showmg 
progreSSlve gradmg 111 structure. But such gradmg 1s Ul 

ttself no direct evtdence of evolutton, sttll less ts tt an 
111dtcat1on of the mode of evolution, unless the graded 
senes conststs of forms arranged m true ttme-sequeoce 
and can reasonably be supposed to be made up of 
members related tn heredttary :.uccesston. The cond.t­
ttons of formatton and preservation of sedimentary rocks 
and the ctrcumstances of organtc mtgrauon usually 
preclude the dtscovery of such senes, and they are 1n 

fuct uncommon, but those wruch have been examJOed 1n 

suffie1ent deta.tl are conststent tn the conclusions they 
suggest, and they may be regarded as acceptable samples 
of the mode of evolution 

The Chalk of southern England happens to be a deposrt 
smgularly uruform m htbologtcal character, the uru­
forrruty presumably mdtcatmg a general sameness of 

66 
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condtttons pcrststmg durmg the ttme of tts formation. 
It IS about tooo feet thtck, and took p~rhaps ~o nulhon 
years to accumulate. It contams fossils of certrun 
orgaruc groups, notably the sea-urclun Mlcrasfer, wluch 
found the Chalk env1ronment congcmal throughout the 
pcrtod of sedtmentatton, and are 1eprcsented frurly 
abundandy at many levels 1.n the sequence of strata It 
thus proVldes materials for the estabhshment of detruled 
cvoluttonary series Systematic collecuon from succes­
stve byers y1elds spectmcns, the earliest at the base, the 
latest at the top, wlnch are m true time-sequence and thus 
represent successtvc generattons If they are suffictendy 
hke tn structure to be regarded as belongmg to a smglc 
group, they may be presumed to fall on a hne of cvolu­
tton and to represent a true rac1al or phylogen.etlc 
sequence, a lmeage. 

The work of collectton was eArned out by Rowe at the 
end of last century, when he show~d that a seoes of 
mtcrasters arranged 10 true tlme-ordet: provtded n cham 
of what Darwm called cc mtermediate hnks " displaying 
complete gradation between the earhest and the latest 
members. '!'here 1s a notable chffcrence 10 shape, 111 

ornament, 1.0. posttlon of the mouth, 10 proportions, 
between the end-forms, and the cWference (wh.tch IS 

comparable wtth that occurnng between some hving 
speacs of sea-urduns) 1S usually constdered to Justlfy 
thetr bClDg placed 10 different species. But the connect~ 
10g series between them can be graded to any dcstted 
degree of fineness : the shghtest recognizable dllferences 
between two spec1mcns (collected perhaps only 1nches 
apart) may be brtdged by the find.J.og of an mtermedlate 
form add.tng another link The trans1t1on from hnk to 
lmk may thus be rendered so perfect that ne.tghbounng 
transients 2.te VIrtually md!stmgu1shablc Though the 
end-forms mny thus belong to dlffercnt ~pccics, at no 
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po10t 10 the stratal sequence 1s 1t poSSlhle to demarcate 
one spectes from the other, refernng all forms below a 
gtven level to the earlier speCies, and all above to the 
later 

There ts consequently notlung mtonstcally natural 
about the recogrutton and nammg of species m tlus 
evolutionary hne On the contrary, natural dtvtstons 
are wholly lada.og, and the cont10wty of the mergmg 
ttanstent members of the evolutionary series 1s complete. 
The transformation of " spectes " 10 tune takes place 
Without the fatntest suggestton of 10terspecllic breaks at 
any stage 10 the process, and a spectes 10 such a fossll 
sequence can thus only be arbttranly defined, bavmg no 
real eottty 

The same essential relations are dtsplayed by numbers 
of other and unrelated foss1l senes-btvalved molluscs, 
sna1ls, corals, lamp-shells Ltneages of thts sort, 
preserved 10 varymg degrees of completeness, are 
probably of general occurrence at least among most 
groups of arumals They reveal, however, only part of 
the cow:se of evolutton, smce they are lmear and succes­
sional A great number of phylogenetic hoes, on the 
other hand, become forked and gtve nse to divergent 
off-shoots bavmg only collateral relationship, and 
representation of the evolutionary connectwns takes the 
form of the customary branchtng tree 

Among the sp1re~beanng lamp-shells of the Carboru­
ferous rocks, for example, ts a seoes (belongrng to the 
genus RehcJJiana} showmg progresstve elaboratton of 
shell-form. The most p11011t1ve members are sub­
ctrcular 10 outlme, wtth unfolded margtns where the two 
valves of the shell meet More advanced members 
tend to become proporttonately broader and to develop 
phcattons along the shell margrn What may be re­
garded as the ma.t.n hne of evolution conststs of forms 
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which comblllc both features m the ltne of progress, 
and culmma.te m very broad, lughly pltcatc forms From 
thts m:un l.tne two others ruvcrge. One Side-branch 
consists of forms wluch become very broad whtlc rcmam­
lng feebly pltcatc, the other stde-branch of forms wluch 
become strongly plicate, wh.tle remauung narrow The 
evolutionary dtvergence ts therefore not one of sharp 
qu.wtatJve contrast-the three branches all possess the 
same essential characters-but only one of relative 
degree of development m the dtfferent characters ~Ftg 4) 

Divergent ev-oluuon by the forkmg of ltncages ts 
almost uruversal. Where the evtdence 1s reasonably 
adequate, the transition m branching senes appears to be 
as perfect as m the micrasters, and there ts never any 
positive cvtdcncc of d!sconunwty The bmnclung 1s 
therefore an eA-presslOn of d!ffcrenual and mdependent 
rates of evolutionary change 111 mdtvtdual structural 
characters There 1s no d1rcct cv1dence of the mfluence 
of geoettc controls on the process of dt-._rergence, but the 
phenotypic contrasts between the divergent forms must 
presumably rest 10 gcnotyptc dtfferences resulung from 
mutation. The mutant genes causmg the dtfferences 
then appear to operate by changtng the relatJ.ve rates of 
growth of different parts of the body. 

Such an mterpretatton 1s m accord wtth what 1s known 
to have t.'l.kcn place 10 mammalian evoluuon dunng 
Tcruarr ttmcs The adapuve rad!auon wluch char­
actcnzed almost all the groups of mammals lS one m 
wbtch dtvcrgent branches arlSlng 10 a number of central 
stocks differ ma.mly In degree of character e'\.'PressiOn~ 
accordmg to the nature of the cnYl!oruncntal ruches to 
which they became adapted. All the members of the 
elephant family, for example, d.lsplay evoluuon by an 
mcrcasc tn the length of the snout to form a trunk and of 
the 1nc1sor teeth to form tusks, and by elaboration of the 
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FJG 4 -DITergent eToluuon In R.tttm/ana The centtnl senes illu,­
trutcs the rn:un hne of evolutlob.. The off-shoot on the nght em­
plays llll m=e Ia the growth-rate of breadth, the off-shoot oa the: 
left increase m the groWth-tate of the m:u:gmal pbcauon, as com­
~ w1th the nwn Une 
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cheek-teeth for masticatton. The adaptat1ons are partly 
related to the assumptton in early Tertiary tunes of a 
forest-dwelling habit by the ancestral elephants, the 
trunk bemg used for teanng vegetable food and carrymg 
tt to the mouth, the tusks for dlggmg A forest dlet ls 
fatrly succulent, and the cheek-teeth 10 such an enVl.ton­
ment remam relattvely sltnple, wtth only a few cross­
ndges on the grwdmg surface. The mastodons, wluch 
became cxttnct only 10 geologtcally recent days, con­
unued to 1nhab1t forests, and so to retam the relauvcly 
pnmittve molar tooth-form. The elephants proper, 
however, dlYerged 111 late Tertiary tunes by nugratl.ng 
mto bush and savannah country, there partly to become 
grazers, and the1t molar teeth developed a complex 
gnndlng surface of a great number of deeply tnfolded _ 
cross-ndgcs. Thus wlule there is no fundamental 
structural dllference between the two groups (the 
elephants proper mdecd havmg had mastodon-lJ.ke 
ancestors), the dlvergence 1s partly expressed 1n dllfer~ 
cnt:J.al development of tooth-clements 

An illununatmg mstance of branclung evolutton 1S 

proVIded by the pnauttve horses, of whlch several 
divergent hnes arc known It 1s a conunonplace that 
dunng Tcrttary umes the horses evolved by a progress1ve 
reduction 1.0 the number of functtonal toes and by elabora­
tton of the structure of the teeth In part tlus followed 
from an adaptive change t.n mode of hfc, a grassland 
enVl!Onment demandmg powers of fast locomotion and 
strong masttcauon. Some horses rematned forest or 
woodland dwellers untJ.l a late date 10 the Terttary era, 
ho\'"'evcr, and as three-toed browsers they were con­
temporaneous wtth the one-toed grazer~. The browsers 
thus remained " primitl.ve " 10 the pattern of the1.t foot­
structure Md theu molar teeth, and t.n at least one branch 
there persisted throughout the evolutJ.onary scnes an 
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almost static relauonslup between the growth-rates of the 
several bones of the foot and of some of the tooth-cusps 
From thts senes, however, there diverged at an early 
Tertiary date a branch leachng towards graz111g forms 
(tncluchng the modem horses), tn wluch dlvergence 1s 
marked less by anatonucal contrast m foot-structw:e and 
tooth-pattern (though that 1s aclueved m the end-forms) 
than by a change 10 the relative growth-rates of the several ' 
bones and tooth-cusps The change of growth-rates 
was abrupt (Without, however, breaking the perfect 
grachng of the senes of structural changes), and l.ll1phes 
the occurrence of enVIronmentally selected Mendellan 
mutants (Flg ~) 

A hne of evolution, a hneage, may be converuently 
apprehended and partly analysed by suppostng 1t to 
constst of a senes of mtergrachng transtents showmg 
contJ.nuous change of structure w1th tune. But tills lS 
an tdeahzed sunpltficatlon of the true relations between 
successtve generations An mdivtdual transtent, a 
stngle « tntermedlate hnk," 1s almost never wholly repre­
sentative of the commuruty of whtch 1t 1s a member, 
smce lt 1s m the htghest degree tmprobable that any 
commuruty, however narrowly locahzed, should constst 
of a number of md.tvtduals etther phenotyptcally or 
genotyptcally tdenttcal In fact, fossil commuruttes 
display the same lunds of contemporaneous vanauon as 
ltvmg (compare Ftg 2., page H), and the nature of the 
hneage 1s obscured by suppostng 1t to constst of a 
successiOn of phenotypic forms all dlsplaymg steadtly 
progresstve development m all characters 

Any one gcneratton m a commuruty ts not usually the 
offspnng of a smgle parent, or even of one kmd of 
parent : on the whole, there are as many genotypically 
nu.xed lunds of parents as there are offspnng readung 
matunty Moreover, m a freely mterbreedmg com-
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muruty ancestors and descendants mcrease 1n number 
geometncally wlth rustance apart (1.0 time) of the genera­
tlons, and a phylogenetic sertes 1s better represented by 
an mtncate network, a plexus, of gcnealog1cal threads 
than by a smgle ll.Oe It 1s qmte rmposs1ble that any 
collection of foss!..ls, however large 1.0 number and how­
ever strtctly locall:zed, should y1eld tdenufiable parents 
and offspnng at best, any two specrmens from such a 
collectlon are m no more than collateral relat:J.onsrup 
An analysts of klnsrup 1.0 foss!..l evolution must thus be 
10 terms of the ll.Oks between whole generatton-grou~ 
That ts, evolution 1s best regarded as bulk change 10 

whole commurutles 
Foss!..l oysters from the Jurasstc rocks prov1de a well 

documented illustration of commuruty-evolution True­
mD.O. has shown that they full mto a llneage 1n wruch 
there lS progress1ve collmg of the left vo.lve from the 
earltest forms, nearly flat ltke ltVl.Og oysters, to the latest, 
tncurved through a whorl or more. The evolutionary 
changes are probably closely related to changes 10 mode 
of ltfe from a rocky to a muddy envttonment, the flat 
forms usually havmg a large, the curved forms a small, 
area of attachment Evolutlon m these molluscs IS 

marked (as tn the Chalk sea~urcluns) by the usual 
sequence of mergmg mtc.rgrades, wluch can be arranged 
as a contl.Ouous senes of trans1ents showmg mcreasmg 
curvature Moreover, the latest members of the senes , 
are so dtfferent 10 appearance from the earltest that they 
are cons1dered to belong not merely to dtfferent spec1es 
but to different genera (spec1es of the flat forms beJ.Dg 
referred to the genus Ostrea, of the mcurved forms to 
Gryphtta} As 10 the sea-urchtns, however, the rustroc­
tlOns between the spectes (and genera) are arbttrary, 
defirung a vague concept.l.on rather than a realtty 

V artatlon among the mruvtduals 1.0 one sttatal layer 
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1S wtde, and a typtcal commuruty 1s composed of a 
m.l.XtU!e of forms not all of wluch are m the same stage of 
evolutwnary advancement The vanat1on 1s continuous 
10 klnd there 1s a preponderance 1n any one commun.lty 
of forms of more or less the same degree of mcurvature, 
but wtth them are found (10 decreasmg proportion 
towards the extremes) some almost B.at forms stde by 
stde With others closely coiled It 1s possible to define 
each separate commuruty by the average degree of coiling 
of 1ts constituent members, and to represent the Vailatlon 
by graplucal devtces to tllustrate the amount of de­
parture from the average shown by vwant members of 
the com.muruty When tlus 1s done, the evolutwnary 
mode m the full succession of cororouruues 1s revealed 
10. a systematic sb.lft of the norms 1n the dlrection of 
mcreased colltng, and the over-all unpress10n 1S agam 
one of continuous transition throughout the graded 
senes (F1g 6) _.. 

Marufestly, however, tlus 1s not a senes composed of 
a s1mple cham of mdtv1dual « mtermedtate hnks " In 
any one commuruty the solitary mdtvtdual may he near 
the norm, or lt may be flatter than the norm, or 1t may be 
more curved than the norm In an earlier generation 
1ts duect and collateral ancestors may stmllarly have been 
n:uxed some near the norm of theu cororouruty, some 
flatter, some more mcurved Smce the vartation 1s 
continuous, presumably all the members of a part1cular 
commuruty could freely mterbreed It 1s lughly liD­

probable, therefore, that an unusually flat oyster 10. one 
cororouruty was consistently m dtrect descent from flat 
oysters 1n earher commuruttes, or had consistently flat 
descendants m later commurutles On the contrary, the 
mdlvtdual oyster 1s no more than an modental pomt of 
convergence m a vast plexus of lmes of evolutionary 
relattonshtp, every ancestor and every descendant m 
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whtch are the products of almost completely random 
parentage, and mclude m tbetr genealogy forms of 
var1ous degrees of mcurvature If selected ancestors 
were more 1ncurved, evolution would appear to be 
rctrogresstve; 1f less mcurved, to be progress1ve 

An mchvtdual, moreover, does not cons1st of a s1n.gle 
character, but 1s compounded of a host of characters 
Integrated to form the whole orgarusm. In any com- -
mumty the posstble combmacions of structural clements 
may be enormous when there 1s free interbreedmg For 
mstance, the rocks of the Coal Measures accumulated 
under fresh-water or brackish cond!uons 1n which 
mussels of vanous kinds flounshed A tlme-sequence 
of the molluscs displays hnes of evolution of the usual 
senal kmd, marked by a number of changes m shell­
shape. The shells may 1.ncrease m length, or become 
deeper, or develop a prorrunent cross-keel, or become 
sharply acute at one end, or show a mtgrauon of the apex 
towards antenor or posterior Most of these analytic­
ally separate characters seem also to be mdependent m 
hereditary assortment, so that an md.tv1dual mussel may 
appear to be precoctous m some respects, pnnutive 1n 

others In hkc manner, lts ancestors or 1ts descendants 
tn any gt.vcn stratum may show slm.1.l.ar contrasts m char­
acter-cxprcsslOn, but 1t 1s hlghly rmprobablc that they 
wtll do so to the same degree 1n the same characters 

A representation of evolution 1n the form of a hnear 
graded scoes of mdlv1duals, even should they be m 
proper time-order, IS thus parttal and Imperfect. The 
cvoluuona.ry stages are truly represented only in bulk 
samples o[ succcsstvc cornmuruties, and are dcter­
mmablc m dctatl only when commuruty clusters are 
followed m chronologtcal sequence. \Vhcn th!s 1s done 
the course of evolution IS revealed as bet.ng highly m­
ttlcatc. lt 1s mulu-duncns10nal, and has a weavmg 
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plasttcrty much hke the fluctuating balance of nuxed 
vanants dlsplayed .1Jl genettcal experunent by suc~esstve 
generations of bybnd commurutles 

In most of the mstances of commuruty evolutwn so far 
studted the overlap m var1at1on-range between the 
earliest and the latest commurutles of the known ser1es 1S 

small or rul, and the marked phenotypic contrasts 
between them presumably unply tfu:tt the most pt11D1tlve 
and the most advanced members could not have .1Jlter­
bred (bad they been contemporanes) Such sterility 
could be the product only of genetic change The mode 
of evolution thus appears as a success10n of small gene­
mutations, wtth phenotyptc va.11at1on at any one stage 
havmg a range suffictently Wide to submerge the abrupt­
ness of 1ntrms1c mutant dlfferences 

Tlus analysts of the lund of e1roluuon exlubtted by 
fossil senes emphasiZes the arttficrahty of much bwlogtcal 
classlficauon The vanauon-ranges of two Wldely 
separated commurut.J.es m an evolutwnary ser1es may 
mdtcate qwte clearly that they belong to dtfferent groups, 
but the vartatton-range of an mtermechate commuruty 
may well overlap that of the earher on the one band and 
of the later on the other (as 1n the oysters illustrated m 
Ftg. 6) Two of 1ts vanant members, therefore, mutually 
mterferttle but at oppostte pertphenes of the field of 
var.tatlon, may be mdtstlngWshable m outward form, the 
one from members of the earher group, the other from 
members of the later group If the groups are con­
stdered to belong to dllferent specres, the tsolated m­
dtVIdual Judged solely on 1ts form rmgbt JUstlfiably be 
ascnbed to more than one specres Only when 1t 1s s~ m 
a context of lts fellows ts the spectes of wluch 1t 1s truly 
a member 1denttfiable, fo.r the nature of the spectes ltes 
m the collective assOCiation of 1ts const1tuent vnnants 

The genus has even less cla.J.m to be regarded as 
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objectively real than the spectes It IS a category of 
converucnce A theoretically complete ltneage, such as 
that of the Jurassic oysters, dlsplays a transformation of 
species that allows no natural genenc subdlvis1on Thus 
the genera Ostrea and Gtyphaa completely mtergrade, 
and at the stage m the senes where the one supposedly 
gtves place to the other there is a separation of scarcely 
rusungutshnble commuruues Nevertheless, the genus, 
though not a real entity, may be a real converuence, and 
convcnuonal definition may set obJective limits to each 
genus as precise as those of a calcndanal century or a 



CHAP'I'ER VII 

EVOLUTION IN SPACE GEOGRAPHICAL 
SPECIES 

ASPEcms, however small 1n numbers, has some 
range l.D space. Envttorunental tnfluences cannot 
therefore be preCisely Identical for all the separate 

mruviduals belongmg to lt, and they IDevttably display a 
degree of phenotypic (mcludlng genotypic) vanatlon. 
Nevertheless, so long as all1ts members freely mterbreed, 
the gene-mterchange ansmg through Mendehan assort­
ment and recombw.ation effectively prohtbtts fragtnenta­
tton of the spectes, whlch continues to be a uruty Over 
a prolonged lnterval of ttme there may then anse (th!ough 
cumulative mutation) a developmental senes of succes­
sional forms of the k.tnd exht.btted by fosstls, but there 
cannot be divergent evolution 

A spectes-espec!ally one large m numbers or of low 
population denstty-usually, however, has an extended 
geographtcal range gready exceedlng the range of 
md!vtdual wanderl.Dg The potential freedom of the 
lDWvtdual members of the speCieS to breed 1ncUScr1lll.Ul­
ately may then cease to be an actual freedom That ts, 
conttnwty m space of a large population ts not adequate 
assurance or eVldence of completely random xruttlng 
Thus the domestic habtts and small stze of the mdiVldual 
field-mouse scarcely allow 1t to roam over more than a 
few acres of tts full-specres range m a smgle hfet:une, 
and the commuruty of netghbours whtch tt ts ever 
ltkely to meet 1S 1D fact very much smaller than the 
total potential freely tnterbreedtng population So a 

llo 
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Londoner will more probably marry a Londoner than a 
Glaswegta.h 

A wtde-rangmg or mtgratory spectes hke the btson 
or the locust or the cod has correspondmgly greater 
opporturuties for rndtscrtmmate mating, but even so, 
there are varyrng probabilities of encounter between 
mdtvtduals m dtfferent parts of the range, and the 
penphera.l wanderers w11l always remam strangers. 
Moreover, there are psychological and other restrictive 
controls on random mattng that 1.0 many mstances 
prohlbtt even strongly nugratory speCles, congregatmg 
10 huge flocks or herds, from full mterbreedmg Thus 
nugrant btrds frequently have the habtt of nesung 10 the 
same locahty tn succcsstve years, and are self-restncttve 
m the stze of population m wluch sexual selectton can 
operate, and tlus degree of mbrecdmg tends to brmg 
about a measure of genotypic urufornuty A comparable 
tendency for seals to return to favoured tslands durmg 
the breedmg season, and for salmon to return to the fiuruly 
stream for spawrung, has a stnular result 

Among mverLebrate arumals, especrally those hvmg 
m the sea, free mterbreedtng 1s facthtated both by the 
enormous numbers of eggs la.td and by the dtspersal of the 
floating eggs and larvre (and often floatrng adults) over 
vast distances by currents But the great maJonty of 
spectcs of such orgarusms have a greater range than 
the probable dtspersal range of rndtvtduals, and the 
chances of mterbreedmg are dependent on relative 
prowruty 

Because of thts ruspanty between mdtvidual range 
and full spcctes-range, there ceases to be thorough llllXlng 
of genes m successtve generauons , and local groups, 
though mcrgmg tmpercepttbly mto one another, tend to 
artse through parttal isobtton The ensumg mbrccrung 
and reducuon of free gene-flow cause gcnot}ptc dlffer-

P 
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ences to be estabhshed between the groups by dllferentlal 
selection The greater the total range of the spectes m 
relation to the tnd.tVIdual range of Its separate members, 
the greater are llkely to be the effective envuonmental 
d1fferences between the remoter parts of the range 
Correspond.tngly, there are greater chvergences m 
selecttve preference Even w1th low mutation rates, 
sooner or later there emerge local races (geographlcal 
races, " elementary speoes ") cWfer10g from one 
another more or less rad.tcally the parental specres 
begms to chsplay subd.tvtsion mto subspecres 1'Jus 
ts known as d.tfferenttation by distance, or sub­
spectatton 

A first stage 10 the process Is one m wJuch the cWference 
between local races ts revealed rn the systematic replace­
ment of a srngle gene by a mutation over the speoes 
range Thus the gw.llemot extsts 1n two forms-the 
bndled with a rmg of wlute feathers round the eye, and 
the non-bndled wtthout the nng-the appearance of 
wluch ts controlled by a smgle patr of alternative genes 
Part of the range of the specres runs along the coasts of 
north-western Europe, where the proportlon of the 
bndled forms IS almost rul m southern England but 
mcreases systematically northwards to about 2.5 per cent 
m Shetland and to over 5o per cent m Iceland There ts 
a smular progresstve replacement of the grey-and-black 
hooded crow by the black carnon crow as the .range ts 
followed southwards from the Scottish Htghlands mto 
England -· 

The beetle CMabrn nemoralzs offers a more complex 
illustration of the same sort of systematic geruc .replace­
ment m apparent phystologtcally adaptive response to the 
cnvtrorunent The graded cond.tuons preferred by the 
different geograplucal races of the beetle m Germany and 
France are as follows -
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Race 
Drec;dcn 
Rhone mountams 
Miinster 
Coblentz 
Pans 

OptumtnJ Te!Jiperalure • °C. 
.z6 I 

27"1 

2.7 9 
2 9 3 

Olargucs (southern France) 
2 9 4 
2 9 7 

-a rebttonslup that tcflects the chmatlc graruent m 
western Europe. 

A later stage ts one in whtcb the dllferenccs between 
nctghbourmg commuruues arc tnfung and are lumted to 
n few genes and thetr mutant forms, wlule more dlstantly 
temovcd commuruues dtffer 1n a more or less constder­
ablc number of gcruc elements The whole spectes 
then consiSts of an tntergradlng senes of local races rus­
playmg gmdual change m genotype from one end of the 
range to the other, wlule still rema.J.rung ~ smgle spcctes 
as JUdged by a \'lttllmgness to Interbreed among all lts 
members The systematic genotyptc gradation IS 

outv;ardl) c..-dubtted m a gradual change m structure or 
appearance, a character gradient or clme It IS almost 
umYersal 10 all spectes wuh extended range, and ts 
Illustrated by pluma.gc m bttds, stripmg tn zebras, stZe 
rn canbou, trul-kngth m mtce, ptgmcntation m man 

A sull hter stage ts one m whtch the chnal gradtent 
ts so st~cp or so prolonged that end-forms of the spectes 
range come to dtffer more or less radtcally from one 
another Through functional Incapacity or psycho­
logu:a1 tnh1bmon they may then be un.1.ble or unwilling 
to tntcrbrccd, :1nd thus tbemseh·cs acknowledge theu: 
dlffcrcnces m reproductive 1solauon In these cir­
cumstances complete gradation of vanants throughout 
the spcc1cs range:, and complete mc.rgmg of netghbounng 
subspecies (each convcruently grouped about a local 
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mode) along common zones of contact, do not exclude 
the occurrence of end-forms wluch are nevertheless truly 
dlstmct specres and &splay full specration 

Species d1stmct1on m the conunwty of fossJ.l senes may 
be arbitrary and conceptual (seo page 78) \\But among 
hv1ng forms (at least of nearly all arumals) a s~e.s.has __ 
exact mearung and IS an obJectlve real.tty, though u'}­
rccogruzed 10 terms less of speCial structural charactet"'u: 
tsucs than of orgaruc behaviOur It 1S a commuruty 
o~actually or potenually freely Interbreeding and Inter­
ferule lnWVIduals, separated from other spec1es by a 
reproductive bamer:-a hamer psychological but not 
always functional between near speCies like wolf and 
Jackal, horse and ass, both psychological and functional 
between less closely related species Under natural 
condtuons, members of dtsunct spee1es show themselves 
to be well versed 10 speCies dlsuncuon a Vl.Xen never 
nustakes a dog for a fox In a number of InStances, 
espeCially among b1rds, some of the b10logtcal s1gruficance 
of the colour-pattern seems to be that of recogruuon 
marks, for rud 10 speCJ.fic tdentlficatlon. Natural 
hybnds, 1f not due to exceptional CltCUmstances hke 
captlvlty, are almost always hybnds within the l.J.rruts of 
the smgle species 

Wtth such a cntenon for the speCies, the occurrence 
of full geograplucal speciation 1s illustrated by a number 
of dlfferent groups of arumals Thus the common 
hernng-gull has a cucum-polar chain of subspec1es m the 
northern hemisphere that seem to have ansen by a pro­
gressiVe extension of range and an ensUing dlfferentta­
tlon from an ancestral home perhaps 10 north-eastern 
As1a The extens.ton 1s represented 10 a graded senes of 
forms rangmg eastwards across Canada to the Atlantic 
~nd to the West-European sea-board, where the typical 

ernng-gull has pale grey wings appreCiably lighter than 
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those of the East-Asian forms Westwards tt 1s repre­
sented m a series of no less perfectly graded forms 
ranglng across Stbena and northern Russta to the \Vest­
European sea-board, where the typical form has wmgs 
n.ppreaably darker than those of the E-a.st-Asran tn.­
d!vlduals, and 1s known as the lesser black-backed gull. 
In the region of overlap m Europe the two extremes dlffer 
markedly not only m appearance, but also m tempera­
ment and habits (the herring-gull bemg more aggresstve 
and quarrelsome, and nesung a fortrught earher, than 
the black-backed gull), and behave as dtstmct species. 

Surularly, the deer-mouse Pero!l!JSCIIJ 17Jotumlaltts of 
western North Amenca exiSts m a number of subspecies 
or local races dtffenng under the l.Ofluence of physical 
(111cludtng climatic) controls. The grassland forms 
mclude arcttttts of the cold Canadian pra111e and osgoodt 
of the rather wanner Colorado-Montana country. The 
woodland forms stmtlarly mclude a northern race, 
arlenumz, of the Amcncan-Canadtan border, and a 
southern, sononmsrs, of Nevach-Utah-Idaho The cham 
of mtcrbrecd!ng races covers a nearly unbroken area, 
and the dtvisions between them are thoroughly arhltraty, 
except In the case of arfemimz and osgoodr, wluch, m a 
zone of overlapping ranges where relauvely recently the 
cham has closed, behave as tndepcndent species without 
mtcrbrccdmg. 

The chnal gradtents are steady and conunuous when 
the range of the geograph.tca.l races of a spec1es 1s fru.rly 
evenly and thickly populated and offers no local :restrlc, 
tions on free gcnc~B.ow between ne1ghbourmg popula~ 
ttons The pnmary fuctors detcrnurung the form of the 
clme arc then distance apart of the races, and systematic 
~vtronmental change. Sea-birds,_ fishes, manne organ, 
1sms generally, have such unrestricted ranges; though 
mshorc dwellers meet a vancty of contrasted coastal 
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enVIronments, and may have highly vanable population 
densities, wluch tend to modtfy the regular chnal gradlent 
On land, however, there are often sharply dtstl.nct netgh­
bourmg envttonments (as between alluvml pllltn and 
flanklng lull-slope, Chalk down and clay vale, feoland and 
dune), and chnal gradients (wluch are a reflection of 
the envtronmental conttols) may show marked steepe010g 
!l.t the frontiers If there are positive environmental 
bamers mterruptmg the range of the species, the clme 
may be WSCOntlnUOUS 

Thus a perunsular population haVlOg easy access to 
the matnland by a broad Isthmus may show a. steady 
gradation from the matnland forms, but 1f the Isthmus 
lS constncted, there Is a dl.rect lurutation of mdJ.Vldual 
cross-breedl.ng between the netghbourmg populattons 10 
proportion to the narrowness of the hodge If the 
1sthm.us dtsappears altogether, the land-dwellmg msuL'lr 
forms become completdy cut off, and the possibtllty of 
gene-flow (by cross-breedtng) between the Island and 
the matnland dtm101shes almost to zero Sometimes a 
tnckle of genes manages to cross the envltoJltoental 
barner, as by such accidents of transport as wmd-bome 
seeds and wsects, bttd-borne mussel larvre, raft-borne 
mammals , but the effects of chance dtspersal uueducmg 
reproductive 1solatton clearly depend partly on the 
dtstance apart of the populations, partly on the madeoce 
of mutual gene-exchange m relatton to stze of popula­
tions In Bntam the local races of the Bute and Skomet 
voles occur on Islands ly.tng only a few hundred yards 
from the mru.nland 

The barner need not be the sea Mountam o! desert 
or rtver or forest may equally fragment the range of a 
speaes, and prove a more or less msurmountable 
obstacle to cross-mtgratton and gene-flow between 
populations Each self-contam:d group then tends to 
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throw up " random " mut.'\ttons wluch undergo chffer­
cntlal selection 111 the separate areas , and there arc pro­
duced umque local genotypes havmg httle or no oppor­
turuty of mter-group recombinauon and assortment. 
A group at first cstabllshmcnt 1s then perhaps closely 
surular to 1ts neighbours, but prospecuvely 1t IS an 
mctplent species 

The effects of selecuon, 1£ not swamped by penoruc 
unnugrauon of related forms (as ought anse, for mstnnce, 
when fluctuations of the sea cause a tract of ho.d to 
oscillate between perunsrtlar and Insular conruuons), are 
progrcsstvely divergent, leadlng to commuruttes rcpro­
ducUYcly no less than geograplucally Isolated Full 
gcographtcal spec1cs arc then establlshcd, often wtth few 
subspcctfic hnks between them. 

Imltgenous 1sland forms are a spectacular example of 
the process. In thts respect the Australian marsuptal 
arumals and the South American sloths and marmosets arc 
Instances of orgaruc tsolatton on a contmental scale. 
Bntam and Ireland are geologically part of the European 
con~ment, and geograplucally were part of that con­
tinent m Yery recent umes , yet the Insh hare, the 
Orkney and Skomer voles, and the red grouse have all 
dtffercnuatcd from contmental types smce the end of the 
Glacial penod In the Azores about ;o per -cent of the 
beetles, 10 remote St. Helena about 55 per cent of the 
msccts and So per cent of the flowermg plants, and 10 the 
Ha\\ auan Islands set m the heart of the Pacific Ocean 
S 5 per cent of the beetles and all the land-bi.Ids and all 
the land-sna1ls are indigenous 

Comp.uable tsol.'\Uon and spectation are displayed by 
such a local and sclf-cont.'Uncd spcctes-group, almost 
certa10ly of smgle evoluuonary ongm, as the finches 
of the Galnpagos Islands-an example of considerable 
lustor1cru unportance, Since 1t was a maJor stimulus to 
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Darwm's mterest 10 evolution Lack has shown that 
each smgle larger tsland appears to have tts separate 
species or spectes assemblage The bttds habttually 
are land-dwellers, flymg compatatlvdy short distances in 
the search fur food, and there ts .l.tttle cross-mtgratton 
from one tsland to another, and the dtverstty of envtton­
mental condtttons 10 the 1slands seems to have been the 
prmapal factor m the process of spectatton by dtfferenual 
selection of the respecttve mutants The structural 
contrasts between some of the spectes are not very great­
somettmes, 10deed, a bttd needs a second look to be sure 
a prospecttve mate 15 of 1ts own lund-but reproduct.lve 
tsolatton ts'complete or nearly so 

The complement to ocearuc tslands Is found 10 Isolated 
lakes, the orgarusms of wluch show equal pecultanttes 
Thus nearly all the specres of pond sruuls, sponges, 
btvalve molluscs, and water-fleas of Lake Batkal are 
confined to 1ts waters, and the Batkal seal, a dtiferenttated 
rehc of a manne form cut off from the sea, finds 1ts nearest 
km 10 the Arct1c Ocean 

DtsJunctton of spectes-range by mountatn bamers IS 

tllustrated m New Gutnea, where spec1at1on among 
upland bttds-of-paradtse ts brought about by the ltmtta­
tion of localtzcd groups to the higher and more or less 
tsolated mountatn tracts, each of wluch tends to have Its 
parttcular subspectes In the same tsland the backbone of 
mountatns also separates zones of humtd lowland 10 

whtch la.ngfishers find thetr home, and the buds con­
sequently fallmto a nutnber of dtsttnct local geographical 
races on the way to becomtng full species (Ftg 7) 

Sundar geographical control operates 10 the small 
Hawauan and Sandwtch Islands These reach constder­
able altttudes, and are dramed by streams whtch have 
excavated deep radtal valleys separated by steep walls and 
sharply crested rtdges The tslands have become 
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Frc 7 -,.SpeCiation m New Gumca The area 1s geographically broken by mountatns (finely sttppled m the tllustratJon) 
nnd by sea &ch Island or more or lcs:~ ISolated tract of low ground tends to have tts pecul.tar ktnd of ktogfisber, 
nnd of htgh ground tts pcculJar J..md of bud-of-paradtse The names are of the speetes and subspeetes. 
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populated by land-snails wluch favour the hum.1d warm 
envu:orunents of the valley floors, and avotd or are 
only tlunly dtstnbuted 10 the uplands The tsolatioo of 
the valleys and the dtfficulties of trans-crestal m.lgtatlon 
have unposed frurly ngorous reproductive tsolation, 
and wuh the near-cessatton of gene-flow almost every 
valley ts now the home of tts own separate local race, or 
even tts own specres Moreover, the narrowly ltnear 
form of many of the valleys has mduced a supplementary 
subspectatton revealed as the snatl populations are 
followed from the mtenor towards the coast. 

Specratton as the breakmg-up of a urutary group thus 
follows from localtzed adaptive response of members of a 
spectes to contemporary envtrorunental dtfferences In 
the contmuously transltlonal senes of forms of the stmple 
chne, tt bears analogy wtth fosstl sertes, 10 whtch there are 
sLtTUlar (but mferred)'specres contrasts between end-forms 
and an unbroken gradtng through the tntermedtate ltnks 
The disruption of chnes by geographical barners, the 
resulttng tsolatton of local groups, and the consequent 
sharp dtsttnctton between subspecies and spcctcs of 
common ongtn, have thetr eqwvalent m the fosstl record 
when the comtnwty of evolvtng forms ts mterrupted by 
layers of unfosstltferous sedtments, and the rntergradtng 
of transients ts obscured 



CHAPTER VIII 

ADAPTATION IN EVOLUTIONARY SERIES 

THE concept of geograplucal spcc1auon lays emphasis 
on the space-factor m the divergence of groups, 
rather than on sequential changes m ume Never­

theless, the same process must account for both geo­
graphtca.l speoes and successional species, smce of course 
eve!}' spectcs has both geographtcal defimuon and a 
place tn time. Adaptive response, therefore, u 1t ts a 
rca.l factor 1n the emergence of geograplucal spcc1es, must 
enter no less into an explanation of the transformations m 
fosstl senes 

If environmental concht10ns rematn more or less 
constant for long penods, there tends to be close orgaruc 
spccmhzauon, parucularly but not ncccssanly when the 
pressure of natw:al selection ts h1gh In such Cl!CUtn­

stances, Yariants departing 1tl any chrcct10n from the 
preferred norm arc relatively less closely adapted, and 
therefore arc chscouraged, either by reduction lll pro­
portionate numbers or by complete extcrnunauon The 
vnrtatlOn-range of the populauon 1s thus l.t.mlted Smce 
the vanauon ts partly of genetic ongm, selection en­
courages gcnotyptc approxunauon to a pure ltne by 
cltrmnattng the more aberrant mutants, w.d the potenual 
\'"a.l'lab!hty-rangc ts thus also luruted 

Under such condmons, the evolutJ.orutry process -
t\ppears to be htghly conservative, and lts products are 
long-ltved kmds e..~stt.ng tn almost statlc optunum 
relauons wuh their envttonment The lamp-shell 
Lwgt!a, for Instance, buncd tn the mud of the shallow­
W3.tcr sea-floor, hvcs under conditions which are 

9l 
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monotonously perststent over long geologtcal mtervals, 
so long as lands have normal coasts Relatively mtnot 
changes, as m the nature and abundance of m.tcroscoptc 
food or m the salmtty and temperature of the surroundmg 
water, are then the only .fuctors hkely to affect the con­
stancy of us envu:onment A lmgula m 1ts burrow mtght 
then find httle dtfference between OrdoVlcran and Recent 
mud, and transformation over geologtcal eras may be 
so slow as to remaUl wtthm the hmtts of the smgle genus 
(m Ftg 3, page 57) 

Though the phystcal envttonment, espectally m the 
sea, may persiSt wtth very httle modtficatton for long 
penods, usually 1t shows change m a great many 1D.lnor 
ways , and at ttmes of maJor earth movement, as durmg 
the bwldmg of folded mountam-cha.ms, 1t may undergo 
great transformation more particularly m 1ts terrestnal 
and coastal zones In any event, the orgaruc elements 
1n the envu:onment are always changmg, and to them the 
tnd!Vldual specres must make due response Oose 
adaptation to a parttcular enV1tonment may then ensure a 
temporary success , but a group d!splaymg 1t, par­
ticularly one of low vartabtltty, may, when conditions 
change, find Itself at a diSadvantage m companson wtth 
a group relattvely less closely adapted but of lugher 
vanabthty (espeoally genotypic vanabtltty) 

A selective and systematic shlft m vartatlon-range and 
vanation-balancc ts a necessary response to modtfied 
adaptive needs (wtth exttnctlon as the only ulttmate 
altemattve) Adaptation be1t1g not a state but a relatton, 
the sluft: ts determtned, Wlth.tn the hmtts of survtval, by 
statlSttcally expressed dtfferenttal selectton Tlus 1s the 
sort of form-sequence that ts displayed by the Jurnsstc 
oysters, the mussels of the Coal Measures, the horses 

There ts clearly a con.fuct between the need for close 
adaptation to the envtronment as tt ts, and for broad 
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" plastlc " response to the envuonment as 1t changes. 
Htgh speoahza.tmn, concentrated adJustment to selected 
features of the cnvttonment, 1s advantageous whlle tt 
lasts but 1t tends to result 1n. an madapnve condltlon 
wh~ the environmental optimum shifts even slightly 
Thus the sabre-toothed tigers were m bu!ld and denuuon 
very lughly speoalt.zed predators, probably findlng ther.r 
cb.t.cf food 1n the larger mammals llke the elephants and 
the ground-sloths : thetr siZe and relattve awkwardness 
probably made 1t chfficult for them to subsist on a chet of 
smaller arumals, 1f only because they could not capture a 
sufficient quantity of meat daily for thetr needs. So 
long as the larger mammals (1n thett tum dependent on a 
rtch hcrbtvorous chet) continued abundant, the sabre­
tooths were " successful " But the deterioration of 
chmate towards the end of 'I'ert:J.ary tunes, and the 
consequent reduction m numbers and final extlnetion of 
many of the herbtvores, espectally 1n North Amenca, 
earned the sabre-tooths to cxt1nct1on also. 

Smularly among the horses the adaptation to forest 
and woodland of the North Amencan Hypohrppus, 
possessrng short-crowned cheek-teeth swtable for 
browsmg, was" successful, (m the sense that the form 
was common) for much of la.ter Tertiary tlmes, but w1th 
the C"'\:tenston of grassland prrune and the reduction m 
forest as the G1actal period approached, H)pohrppta 
found 1tself disadvantageously placed 1n compeuuon 
wtth the one-toed long-toothed horses proper, and 
bec.'\lile extmct (see Ftg. 5, page 73) 

If the rate of cnvuonmcntal change ts very fast, and 
the vartabthty-range cannot offer new mutants to keep 
pace, adaptive response may I.ng behind enVl!onmental 
rcqutrcmcnts, and e."'\:tlnctlon then 1s the lot even of 
rclath·cly unspectahzcd forms (as dunng the onset of 
glact.1.t1on). 
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Evolutionary spect,altzatton as the development of 
elaborate structure, as 1n the elephants, the duck-billed 
dlnosaurs, the highly ornamented ammorutes, has some­
umes been taken to nnply raoal senility But wlule no 
doubt some lack of "plasttctty," some st.J.ffness 10 

adaptive response, IS Indicated by such elaboration, the 
long-conlmued evolution of other equally " spedahzed" 
groups like the crocodiles (little changed smce mid­
Mesozoic trmes) and the k.tng-crabs (almost unchanged 
smce the begmrung of Mesozoic ttrnes) Is a watru.og that 
elaborate structure as such 1s no danger to surv1val 

The history of the fish-lizards Is tn thts respect illu­
minating They persisted m abundance durmg the 
greater part of the Mesozoic era as marme predators 
superbly speoahzed tn structure for their fish-ltke mode 
of ltfe, and metal senescence can scarcely be attributed to 
forms which were "successful" for over xoo million 
years Thetr extinction at the end of Mesozoic ttmes 1S 

therefore probably not to be attnbuted to any tntrmstc 
decltne on thetr part (or to maJor changes m the con­
ttnumg phystcal environment of the sea), but to a novd 
factor 10 the organtc envttonment the emergence 
of direct competitors more responsive to selective 
stimulus-the first dolphm-hke secondanly aquattc 
mammals 

At any moment, therefore, there IS a favoured adaptive 
form upon whtch selection-pressure centres m a given 
environment But as the trme-factor enters, systematic 
environmental change mvolves a changmg bms m selec­
tion pressure, which then becomes asvmmetncal m Its 
mcrdence and gtves a dttectional component to the hoc 
of evolunon. This Is expressed m correlated modal 
sluft 10 the variation-range of successive generations 
The process ts well Illustrated by the Jurassic oysters, 
wluch display a modal sluft 10 successive commuruties 
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wrulc retauung ~ fattly wtde Vat!abthty-range (see Ftg. 6, 

page 75) 
Most broad envttonments ha~e subdlVlstons dlsplaymg 

some dt.ffcrcnces, and the spectatlOn that may ensue when 
an ancestral central stock sends evolutiOnary branches 
toto dtffcrcnt enVlronmental ruches 1s what has been 
called adaptive radlauon Under selective btas each 
separate branch follows 1ts mdcpendent hne of directed 
evoluuon, unultt aclu.cves an adapt1ve peak of secondary 
specmhzatlon 1n the new envu:onmcnt as the du:ectlonal 
component of selection-pressure d.tnurushes At the 
same nmc the ancestral stock as a whole loses tts wttal 
unuy, and breaks up mto a number of separate and inde­
pendent hnes Thts ts essentially geograplucal spccta­
t10n 10 ume, evolution by __ cit vergence, the branchtng 
phylogenetic tree 

A gross alteration m the environment, as when the 
retreat of tee-sheets at the dose of a glactal penod, 
or Widespread uphft of a sea-Root, or vokaruc eruption, 
e."q)oses urunbabued country for re-population, provides 
condiuons 10 wluch mterspcofic competltlon is for a 
tlme less acute or less restnctive than 10 thickly populated 
ground ; and the opporturutles for divergent evoluuon, 
for adaptl"\"e radtatton, are rcbtt'\""ely great. A rap1d 
ettcnsion of spectes~range ts then accomparued by 
correspondmgly raptd adJustments of structure and habits 
m1d the consequent eruption of numbers of new spee1es 
(and m due course genera, families, and orders) There 
1s a " burst " of cvoluuoo, often m the fosstl record 
sccmtngly of leaps m evolution, and tlus e."Cploshre 
release of potentmlltles has the aspect of youthful v1gour 
:-~s against the apparent seml1ty of long-estabhshed 
" old~fashtoned 1 t phylogenetic senes 

The " burst " of amphlb1an c\"'olutton after the mtd­
Palxozotc earth-movements, of ammorute and reptJ.han 
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evolutton after the late Pala:ozotc movements, of mam­
mahan evolution 1n. Tertiary ttmes as the reptiles raptdly 
dted out, has the appearance of such rejuvenescence, and 
has led some genetictsts to assume a radtcally dtfferent 
evoluttonacy mecharusm to explam the sudden etuptton 
of new spectes and genera Tlus they have suggested 
to be systematic mutation, wtth " hopeful monsters," 
novel orgaruc types, foroung the new pomts of ongtn of 
evolutionary hnes 

'fhe attobutton of a subJectively recogruzed renewed 
youth to evolutionary sertes ts, however, not to be taken 
too literally as unplymg an Inherent contrast between 
emergent and decadent groups R.actal childhood and 
rnaal old-age are ficttttous, tf the terms are mtended to 
suggest dtfferent mtrtnstc natures at oppostte ends of 
evoluhonary senes, to suggest that mherent capactty for 
change has run tts course and no future awatts the 
evolvmg senes but o:ttnctlon At any one moment all 
orgarusms are m an evolutionary sense equally young and 
equally old, smce theu: ancestnes go back to the begm­
rungs of orgaruc ume Ractal serultty has descnpttve 
mearung only wttlun short segments of evolutionary 
senes, and then only t.f there 1s pnor ascnptton of serule 
qualities to such characters as elaborate ornament 1n 

shells or " excessive ,, spme development 1n. crustaceans 
In modem. v1ew the recogrutton of ractal old age rests on 
subJective JUdgements which contradict coherent theory 
and wluch are permeated by arumtsttc tdeas no less than 
by arunust1c termmology 

It 1s true that some orgarusms may be over-spcctaltzed, 
not tntnnstcally m betng o:travagantly constructed or m 
havmg pecuhar habits, but 1n. possessing a vanabthty­
range too hnuted to allow ready accommodatiOn to 
raptdly changtng enVttonmental condtuons, and other 
orgarusms less ngtd tn adapttve response may be more 
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tractable to the stJ.mulus of change afforded by new 
envu:onments, and then appear to be more rtchly en­
dowed wtth evolunonary energy. But explos1ve evolu­
tionary activtty, notably expressed when" empty" novel 
cnvltonments awru.t mvas1on, 1s always a short-hved 
expcrtcnce for any parttculat group of orgarusms., and 1S 

sooner or later followed by a durunuuon of speed and a 
ltnutatton of evoluttonary routes as the vanous envtron­
mental ruches become occupted. The group then 
rcmams m a state of evolutionary qwescence, unt1l 
the acodent of changtng cttcumstances once agam 
promotes a phase of renewed act1V1ty and apparent 
renewed youth 

These relauons between orgarusms and ch.angmg 
cnvttonments are well brought out by the manner zn 
wlu.ch the reptiles were replaced by the mammals as 
dolllUlaat land vertebrates. In numbers and vanety of 
kinds the repttles aclueved lugh success 10 the.u: occupa­
ttoa of many dlfferent envttoomental ruches durmg 
Mcsozmc times That tlus was not due to an tnherent 
compuls1ve presbute 1s shown by the fact that wbllc 
cvolutlonary hrancbJ.ng of the princtpal stocks took place 
early 1n thett htstoty, there 1s no suggestion of a dt­
muushed evolutionary Vltaltty m later members. For 
mstance, the dlverslficatton of the rhmoceros-hke 
homed dinosaurs and of the duck-bllied amphlb1ous 
dmosaurs tn North Amcnca was the product of an 
OOa.puve burst in late Me.sozo1c tunes 'l'he repttles 
snaintatned thCli donunant posltlon Wlthout stgn of 
decadence for some I 40 .m.U.hon years; and the mere 
existence of mammals during the gres.ter part of the 
pcnod-mammals which remat.ned small iD both s12e 
nud numbers and were w1thout notable place m vettebrate 
cconomy-'WaS clearly not 1n1tself a challenge ot a danger 
to continued reptilian success The replacement of the 
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one class by the other as Mesozotc times passed mto 
Tetttary must therefore be attrtbuted to some factor not 
predetermmed J.D. the mnate qualtt:J.es of the arumals but 
external to them 

A maJor envuonmeotal stunulus to which the mammals 
responded but the repules dtd not was the appearance of 
:t new kmd of food, the grasses The graz.~ng babJt, 
however, demands cons1derable powers of masucauon, 
to wlucb the corucal teptJhan tooth was not readily 
adapted, and the extended food-range prov1ded oppor­
turuty to the mammals whose cheek-teeth were already 
more complex J.D. cusp-form than those of the repules 
The long-prevaumg balance of nature was thus upset, 
and the new adapt:J.V"e zone of grassland was raptdly 
occupted by he.rbtvorous mammals wfuch, havmg crossed 
the threshold, soon outpaced the repules m supple­
mentary anatorrucal adJustment The carruvorous 
mammals, developments out of a stock of late Palreozo1c 
age and wamng m reunng modesty throughout Mesozo1c 
ttmes upon such opporturuty, were far more e.ffic1ent 1n 

theu battery of offenstve weapons and tn theLr locomotory 
agility than such reptilian carruvores as the huge clumsy 

_ tyrannosaurs, and as predators preytng on the herbi­
vores they were a correlated adn.ptauon Together, 
herbtvorous and carruvorous mrunmals came to occupy 
many of the old ruches of the reptt.les and the ruches new 
to Earth-htstory. 

Such " e.."{plosive ,. evolutt.on, dJsplaymg antecedent 
threshold effects, was nevertheless highly complex m 
detail, and tts expenmental nature, marked by trtal and 
Dl.IAed success of body-bwld and tooth-form, 1s wdl 
illustrated m the nu111ber of evoluttonary lmes of early 
Terttary mammals whtcb became exttnct without leavtng 
modern descendants Thus perhaps four or five separate 
stocks of carruvores, dtffcrmg 1n the development of 
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back teeth for fl.esh-cutttng, stemmed from a central 
late Mesozou: ancestry, \ but of these only the group 
employmg as prmClpal shears the fourth upper premolar 
and the first lower molar survtved-presumably because 
of the mcchamcal supenortty of the Jaw apparatus­
mto mid-Teruary times, when the way was open to lt for 
supplementary adapuve rachauon. Sunilarly, a number 
of lines of" pnmltlvc " early Teruary herbtvores became 
exunct or £wed to achieve notable success, and at the 
present day the dommant forms (Judged by numbers and 
kinds) are hmtted to the even-toed hooved arumals, also 
malllly the product of a later Tertiary secondary radtatton. 
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CHAPTER IX 

VITALIST THEORY 

I l' 1S posslhle among the vertebrates frequently to 
recogntze adapttve response m structural change It 
ts less often posstble to do so among the tnvertebrates, 

whose mode of ltfe, espectally 10 fosslls, ts somet:ltlles' 
difficult to detemune An mability to attrlbute s1gru, 
ficant functional use to sundry evolvmg structures has 
commonly been charged agamst Da.rw101an evolutionary 
theory, and has been the foundatton for assummg a 
duecttve force 1n evoluuon that ts mdependent of, and 10 

more or less degree opposed to, envuonmental control 
'flus duecuve force has been vanously concetved, and 
has been endowed wtth a vartety of names, but th( 
rmphcauon of all vttal!st theory 1s that some measure ol 
mevttabili.ty 1s a factor not to be neglected m evolutton 
though the mner drive, the momentum, 1s 10 the les< 
mysttcal versions regarded as an Ulllate quahty of hvtnB 
matter, and not necessanly as the mstrument of spec1~ 
COSmiC purpose 

The evtdence for non-adapttve evolutton falls mto :1 

number of categones Ouef 1s the mdtcatton of " dis­
harmony " between orgarusm and environment, revealed 
m grotesque and monstrous characters A paruculat 
Instance, ill\Ull.lnattng to 1ts general apphcatton, 1s that of 
the antlers of the IriSh elk The antlers sometunes reach 
a span of nearly to feet and a wetght of So lb (on a skull 
wetghmg 7 lb ), and the vtew that thetr enormous stze 
could have been attained enttrely as a result of adapuve 
selecuon certru..nly seems Inacceptable It 1s dtfficult 
to suppose that they were not too cumbersome for 
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effictent attack and defence, and not a serious dtsad­
vantage m woodland country, and they must certru.nly 
have absorbed a great deal of the energy of growth 
Nevertheless, mcreasmg knowledge of the ptocesses of 
growth and of the mathemaucs of selecuon makes 1t 
possible to avotd vttaltst e:rplanatlon of the structural 
cnorm.tty. 

The Insh elk 1s a member of the deer fanuly, one of 1ts 
ncar rclauves Gudged by sioulanty of form) being t?e 
red deer Huxley has shown that m the latter specres 
there IS a close correlauon between antler-siZe and body­
siZe m indtv1dual growth, so that an absolute mcrease m 
body-stze 1s accomparued by both an absolute and a 
systemattc relauve mcrease 1n antler-siZe (wb.tch 1n. tum 
mvolves a correlated mcrease m branclung and palma­
tiOn) The genetic explanation lS that of urutary geruc 
controls on a number of apparently separate but actually 
correlated characters. 

On the assumption that a surul.ar lmkage controlled 
growth 10 the lr1sh elk (as 1s suggested by 1ts relat10nshtp 
to the red deer), the extreme s12:e and elaboration of antlet 
seen m the elk may thus be no more than an incrdental 
secondary result of a pnmary hne of evoluuon leadtng to 
large body-bulk Such a primary lt.ne, for wb.tch it would 
not be difficult to find adaptive JUstlficauon, was almost 
uruversal m the whole range of deer evolutJ.on dunng 
Tertiary umes So long as the advantage accrw.ng 
from mcreased SiZe outwe1ghed the poss1ble disadvantage 
of hypertrophied antlers the evolutionary lt.ne was 
" successful , But ultimately a pomt of mce balance was 
reached when whatever advantage was g1ven by 1ncreased 
body-siZe was offset by the unw1eldtness of the antlers. 
The sl.tghtcst further cvolut1onary progresstonln body-siZe 
plus antler-siZe then made the orgarusm inadapttve 1n. 

net result) and extlnction sooner or later was mevitable. 
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The pnnaple 1S of wtde appllcat1on Thus the re­
peated evolution of enormous homs m such forms as the 
mammalian titanotheres or the reptilian horned chnosau.rs 
1S not to be e:xplatned solely by.reference to the functional 
wlue of the horns as Isolated structures It IS a. common 
feature tn vertebrate evolutionary hnes that eathet 
hornless forms are much smaller than later large-homed 
forms In any one hne a. threshold of slZe has to be 
crossed before homs begtn to appear, and thereafter 
the.re 1s a f:urly conslStent correlation between slZe of 
body, siZe of skull, and siZe of hom Smce an evolu­
tionary trend towards large body-stze IS displayed tn 
most of the sertes, the fact of growth-correlation makes lt 
uru1ecessary to mvoke any mutauonal change m spec.tal 
genes alfecttng hom-growth, wluch may be regarded as 
no more than an tncidental feature of general growth, 
gtven a ce.ttatn baste genettc constitution 

The evolutton of orgarusms under the effects of an 
1ntemal momentum to stages pos1t1vely out of "har­
mony" w1th the1t envu:onment (that 1s, pos1t1vely 
tnadapttve) 1s, m any event, st:a.ttsttcally unposstble tn 
large populations, 1f a~ptatton ts defined 10 terms of 
survtva.l and If the fact of enVironmental selectton 1s 

accepted. It octu.tS, u 1t occurs at all, only m popula­
ttons of smaller numbers than a few hundred at most 
Conceivably, random 1n.adapt1ve evoluuonaty •• doft" 
may have had some stgnUicance m small herds of the later 
tttanotheres and homed chnosaurs, and of the lr1sh elk 
tn tts last days; but smce select:r.on (the agent of adapta­
tion) does not operate on the mchvtdual as such, tt 
becotnes a. relevant factor m the evolutton of such small 
groups only when adverse selectton-pressure (ttself a 
measure of .. dlSharmony ") becomes mtense 

Lack of " harmony " can by mere mspecuon be 
Judged only subJecuvely 10 fossil structures, and lt has 
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mc.arung m hvtng forms only in terms of su!'Vlval. If 1.0 

fact specres continUe tO SUt:Vl.Ve With the StrUctUres !hey 
possess 1t 1s mearungless to talk of disharnioruc relattons 
wtth the envtronment, wluch 1s the arb1ter of survival. 
Though a. particular character m 1solit1on might jusnfi.­
ably be regarded as a disability (hke very large antlers), 
the whole orgarusm because of its very ex.tstence must 
be suffic1endy adapted to su.rv1ve. 

V1tahst c.~planatlon 1s also 1nvokcd to account for the 
evolutionary mode of an orgaruc w:oup seemmgly_ com­
pelled to follow a prcscnbed course until, at a peak of 
u d.Isha.rmony,n it meets extmctlon 10 the fiat of an un­
comprorrusmg enV1Ionmcnt Such du:ected evolution 
has been called orthogenesis It appears to be exemphfied 
tn the c.'tttavagant antlers of the Insh elk and the horns of 
the tttanotheres. A commonly c1ted mstance lS the 
close tncmhng of the more advanced forms of Gl)'jJhtEa 
(page 74), in wluch the left valve of the shell gt.ves the 
unpresswn of curvmg over and pressmg on the nght, 
finally to prolublt the operuog of the shelL Various 
species of sea-mats build extremely elaborate skeletons, 
some of them three·storied, whose choked apertures 
apparently leave the mchvtdual httle opporturuty of 
obtauung food The ammorutes (F1g 3, page 57) 1n theu: 
most " spectahzed '' forms have the soltd chamber­
paruuons fnlled in the greatest comple."\.lty. The 
evolvmg lines em:hng in these products seem to lead more 
or less undeviatingly from "normal" forms by pro­
gressive stages to an t."{treme of" aberration,, 

Tt is obviously not easy to gt\e full and accepmble 
reasons for the paths followed 1n such evolution 1Il 

terms of adaptatton and selecnon. Nevertheless there 
IS Uttle genmne cytdence for supposmg the ev~lution 
to be enforced ln mdtfference or opposition to ada tiv 
ntcds. Strrught·llnc u derenrunate " und tin. P 1 e 

cv12. g evo u-
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t10n m fact charactet1Zes a hneage only over short sectwns 
of 1ts course, and then only when the senes 1S 1deahzed 
In the actual detailed sequence of forms evolut:J.on 1s, on 
the contrary, nearly always divergent and radiating, and 1s 
marked by recurrent branclung speoation. If a smgle 
ancestral stock gtves nse to dtverse off-shoots adapted to 
dllferent envttonmental ruches, as tllusttated m the 
common -ortgln of oysters and gryphreas, of nauulozds 
and ammorutes, of mastodons and elephants, ofbrowsmg 
and grazlllg horses, of ptgs and luppopotamuses, of 
camels and llamas, of apes and men, the tmphcat:lon 1s 

that no 10ternal compulswn doves the several hoes along 
the courses they follow 

A surular attrtbutwn of perfect:lorust urge 10 evolut:J.on, 
the lmeages be10g regarded as stnvmg towards a pre­
destmed goal, 1s found 10 the vtew that there ts an 
irreverstbility about the process As a rule the trans­
formation of characters 10 evolutl.onary senes certamly 
cannot usually be undone A £in evolved 10to a ter­
restoal leg or a fly10g w10g never reverts to true fin­
structure when (as 10 the sea-hzards and the pengruns) 
ptere 1S a return to an aquatic mode of hle Lungs, 
once they replace gills 10 vertebrate evolution, lul.ve to 
serve even when (as 10 the whales) they ate a poor mstru­
ment for breatlung under water A reduction m length 
and strength of the fore hmb 10 btpedal stance ts stamped 
upon body-bwld when (as 10 a number of the dtnosaurs) 
there 1s reverston to a quadrupedal stance 

Nevertheless, the " law " of trreverstbility ts merely 
empwcal Although lt may be a true reflection of the 
probability that complex gene-controls on structure are 
not ltkely to be rega1ned once they ate through adverse 
selecuon lost from the collectlve genotype of the evolvmg 
gtoup, the u law " ts not an absolute rule of develop­
ment, and ts m fact contradicted m numerous exceptions 
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Pot mstance, the w1despread tendency, notable in t:be 
evolutton of tho. terrest::rlal vertebrates, towards attz.n-. 
mg large stze has been taken to inchcate irresistili1e urge. 
But the tendency ts fat from uruversal, and in a single _ 
group, as m the deer, there may be such contrasts as that 
between the moose, 7 feet lugh, and the pudu, httle more 
than 12. tnches lugh. Dwarf klnds of elephant, rhino­
ceros, ptg, antelope, htppopotamus, man, also ron 
counter to rule, some of them bemg found m envi..."''n­
ments (msular or sem.t-desert or tbtckly forested) sug­
gesting the effects of " adverse " conditions. During 
the onset of glactal cond1ttons m late Tertiary times~ 
some of the ltnes of horse evolutiOn show a stead; 
rcducuon in stZe, m reversal of the trend previously 
followed, and collateral stocks ~y show opposed 
modes of evolution-one of mcreasmg, another of 
decreastng, size 

Even more sigruficant 1s the manner in wlucli c.bar­
acters display retrogress1ve (cychcal) evolutjon.. In the 
adoptton of a fast-runrung hablt, the horses throughout 
most of theu: evoluuonary lustory display a propomonite 
lengtherung of the hmbs. Tlus was partly achieved br 2.­

tclatlve mcrease m the length of the foot, tn2.tked bl' ~ 
lugh pos1Uon of the hock above the grolllld. 'tne 
ch:mge 111 structural proporttons was progressil"e u....~ 
late Tertiary tiJiles, and thus apparently offe!ed o:,-::r­
firmauon of onhogencsts. But in their htest ~ a 
n'lmbc.t of stocks began to show retrogression, 2d ih::: -~ 
horses have proporuonately shorter feet than u..: ...... :; 

' Glac.1al ancestors ..-. ::----
SliDllarly, ~c eathet sabre-toothed ngers ·,._ · : 

lateral flanges tn the front of the 1 · -1:-·e..c-~ .. 
tl h ower 1aw VJ::l~ -~.: .. 

lC uge upper ca.rune teeth shd · 40 ... ..:.:__. ,_ d on )aw_,.ln .... !:.e. T: 
~.atcr cscendants however 1 th ~ 4 • ~- ~ d th ' , ost e gruL:;--:':1' c._ 
lln e front of the lowe! 1aw r---.-..~.J ----z:: ~ ~.:-

t • ..... , ..... u;u to ~ fr- ;. 'J'--
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possessed m the ongmal ancestors of the sabre-tooths 
(and whtch tt sttll possesses m all h\ting cats) Such 
cychcal evolutton refutes the suggestion that meVlta­
bility attaches to evoluttonacy trend 

A repeated expression of suxular evolutionary themes 
offers a stronger case for vttaltst theory Paralld 
evolution~ the sense of mottf 1t1 dlfferent stocks, the 
suggestion of " programme " m ser1al pattern, all lend 
some wetght to the vtew that a baste com.mon tmpulse 
prompts the success10nal changes When mcurvmg 
of the shell ts repeated m oyster-stocks ume and agaLD, 
when the horned chnosaurs ar1se along four or £ve mde­
pendent routes of development from ancestral hornless 
forms, when corals of dUfere.nt geolog1cal pettods pass 
through surular evolutionary stages 10 colorua.l form and 
tntemal plate-structure, when toe-reducuon lS char~ 
actemuc of all the branchtng hnes of the horse fam.tly, 
the eVldence suggests the concluston that the suru1artttes 
of structure and of evoluuonary tte.nd a.re due to the same 
mternal stunuh Nevertheless, the explanation of the 
parallehsm need not be a vttahst one and can, Wlth a 
desmble economy of hypothests, remrun w1thln the 
mecharust frame 

The envuorunent 1s pnsstve m lts control on adaptation 
It cannot evoke var1ants of the preferred ktnd, but must 
watt upon " chance " mutation for the matenals of selec­
tton Mutations are (to large populattons and m the 
course of geolog1cal ume) many and vaned, but they a.re 
not utterly random, and do not occur 1n .. all" dtrecuons, 
and of those wluch a.nse, a great number are dtsadvan- • 
tagcous, and are hkely to be discarded from the stock U1 
the course of a few generations. Furthermore, mut:a­
tlons cannot be adJudged benefictal in tsolation. They 
Ill ways work m assooauon with all the other genes of the 
gen.otyp1c system, whtch must necessanly be 111 a~state of 
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harmoruous funcnonal equilibtJ.um; and~ thett effects 
ate resultant effects A new mutation cannot upset 
the genotyp1c eqruhbnum unduly, and must pass the 
test of bcmg acceptable to 1ts fellow genes before the 
organism possessmg 1t ts able to grow Those kinds of 
mutations whtch have been tued and proved thus tend 
to reccwe preferential treatment and to Su.t'\11Ve. In 
any one maJor group of orgarusms, therefore, the field of 
mutatlon 1s lll\ttowly cucumscnbed by the group's baste 
structural pattern, and w1thm the field, because of this 
constraimng urufomuty of the ground-plan, there 1s a 
recurrent tendency to throw up repeatedly for selecllon 
the same hmds of mutants 

In one sense evolution 1s thus l'tedetemuned, be111g 
litrutcd in 1ts operations by the nature of the geruc muta­
tions, and eYoluttooary trends are express10ns, when the 
envuonmcnt ts encouraging, of latent posstbthties. In 
successtonal spectes the appearance of recuhnear evolu­
uon 1s then due to the m.herent conservatlsm of genotyp1c 
sclf-protecuon on the one hand and the necess1ty for some 
degree of adaptauon on the other. In stocks belongtng 
to the same broad orga.ruc group havmg a fundamental 
geneuc uruty ~ parallel hnes of evolut10n occur because m 
"- glvcn <!UV1!0nment s1m1la.t mutants are likely to recur 1n 

he separate stocks and to be e~ually selectlvely preferred -
It 1s s1gmficant that the parallelism need not be, and 

almost never IS, synchronous tn its expression in the 
dlffcrent stocks, whtch bear every md!cauon of wru.tmg 
upon Cltcumsw;cc for oppottu.ruty. Stgruficantly, tooJ 
the p3.rillc.hsm ts rarely preCise Thus the astomshmg 
s\mtlatlUes displayed, for mstancc, by the foot-senes of 
North Amcrtcau. ho~ses and South Am h b 1 d encan toptems 
r~ ~ O\rn tn dcta.tl when the rela.uve proporuons of the 

'VImous bone-lengths are measured (th 1 th e toes betna 
ongcr, e sphnts shorter, tn the htoptems) or ~ 
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mecharusm of the ankle-lunge exanuned (.ru Ftg h 
page 73) The selected mutants were therefore not 
tdenttcal m the two groups, and represent opporturust 
response to adaptation With whatever geruc Instruments 
were avallable 

Vttaltst theory also enters mto certrun 10terpretatlons 
of mdtvtdual development It 1s notonous that m 
sumrrung up the relation between the stages of tndlVJdual 
growth and the stages of ractal hlstory, Haeckel tn the 
late runeteenth century propounded the " law, that the 
development of the mdtvtdual 1'ecapttulates the hlstory 
of the race Understood ltterally, the "law " enforces a 
ngtd predeternunatton on md1V1dual growth, and lays 
central emphasts on the arbttratton of past events m 
deter01l.11Ulg the nature and the order of tndtvtdual 
developmental stages Tlus can scru:cely be the case 

As the mdlvtdua.l at all stages of growth must be able to 
hve, must be suffiaently adapted to survtve, must make 
unmed!ate response to tmmedtate ne~ the prophetic 
control of past ancestral stages on present ltvtng ones can 
only be parttal and come1dent, not wholly tn~trumental 
and antecedent The fact that pnm1ttve ancestral 
vertebrates, bony fishes of Devoruan t.tmes, spent the.tr 
whole ltves 10 water cannot dtrectly control the manner 
of growth of a. descendant reptile spendtng the first weeks 
of ltfe J.n.Stde an egg-shell before hatdung out mto a dry 
enV1ronment, and the fish-form, well adapted for aquatic 
swlinlnlOg, cannot posstbly be repeated by the fretus 
growt.og m the womb of the descendant matlltlUll 

Systematic modtficatton of success1ve ltfe-htstone5, 
whtch 1s evolution, 1s not sunply brought about by each 
generanon addtng a ltttle more to the sequence of steps 
passed through m parental ltfe-lustory On the con­
trary, It depends on mutation, wluch ts a reorgaruz:a­
tlon of the aCtivator system that controls growth A new 
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mutation 1s (normally) already present 1n the 1.n1t1al 
fcrul.tzed egg, and 1t can exerClse 1ts mfluence at any stage 
of growth of the mutant form. There 1s no mtrms1c 
reason, therefore, why Ind!v1dual growth-hlstory should 
not differ and deviate from ancestral growth-hlstones 111 

Infancy or 1n youth or m matunty The conventional 
expectation that md!VIdual growth will pass through 
stages m correct order and all reflecting the forms of 
successive adult ancestors has- no warrant 111 the nature 
of the evolutionary process or 10 the phys10logy of 
growth. That 10 fact 1t often (but only approxunately) 
docs so IS probably due to the resistance of the whole 
gene-complex to rad!cal d!sturbance by any smgle muta­
uon, the effects of the mutation then bemg chlefly 
expressed 111 slightly modlfied growth-rates of organs and 
characters. 

In 1ts accommodauon to chang1ng ci.rcumstances of 
growth, Ind!vtdual hfe-rustory seems to be as opporturust 
as the process of evolution of which It 1S an 1nddental 
by-product. 



CHAPTER X 

PURPOSE AND PROGRESS 

][
N anthropocentric v1ew 1t 1s posstble to look upon 
the ultlmate purpose of evolution as bemg the 
em~gcnce of mankmd, and 1ts progress to be marked 

by the appearance of successtvely lugher forms of hfe. 
In the llght of the evtdence now ava.tlable, and the klnd 
of explanatory synthes1s whlch 1s soent:Jlically acceptable, 
SUCh a VleW lDVltes !eJeCtiOn 

In a bwlogtcal sense, human evolution d.Jsplays the 
same kinds of changes as those seen 1n the oyster and the 
sea-urclun, the dmosaur and the horse Man lS a 
member of a comparatlvely mstgmficant ana pom.ttlve 
group of mammals, the pnmates, whtch had the!! obscure 
ong10, posSlbly m small rodent-hke or msectlvorous 
creatures, towards the end of Mesozotc ttmes The 
form of the early pnmates shows them to have been tree­
dwellers, and, wtth few exceptions untll the appearance 
of man-hke apes, they contmued to favour a forest 
enVltonment throughout thetr evolution Modem 
forms whtch are not very cWferent m general strUcture 
from the ancestral primates mclude the tree-shrews and 
the lemu~s , and although llVl.Dg lemurs cannot be ltnks 
tn the cham of human evolution, fosstls suggest that a 
lemurotd stage probably occurred 10 the early Tertw.ry 
ancestry of most of the lArger modern monkeys, apes, 
nnd men, all of whtch preserve some aoatom.tcal rehcs of 
arboreal adaptatton 

The dtstobutton of the early pnmates and oear-pn­
mates was wtde, fosstls betng known from all the 

IIO 
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contments e."{ccpt Austrnha. Manifestly there have been 
a fxagmentatlon and a testt\.CUOn of range tn more recent 
umes and much of the Old World ts without lemurs and 
apes,'and North Amcnca ~nd Europe vl!tually w1thout 
pnmates (except man), at the present day The frag­
mentation 1s accomparued by aclapuve tsolatton! al:eady 
m cady Terltary ttmes there was a roaJOf d.t.fferennauon 
of pnmate groups reflectmg geograplucallocatlon. The 
remote New-World forms, confined almost exclus1vely 
to South and Central Amenca, mclude the marmosets 
and the nng-tatled monkeys : they dlffer, notably m 
havmg three premolar teeth, from the Old-World 
monkeys and apes, havwg only two Since this 
structural difference \Vas already displayed by the forms 
of mid-Tertlar)' tunes, 1t 1s probable that the increase 11l 

bratn-SlZc wluch took place m both groups throughout 
the Tertiary era 1S an tnstance of parallel but mdependent 
evo\uuon 

The Old-World monkeys, livmg m the warm forest 
belt extending from Afnca. through southern As1a mto 
the South Seas, look very hke and have sllllllar habits to 
their South Amcncan cous111S. 'they ate known m the 
foss.tl state from specunens discovered m both Afnca 
and Eurasta, and they appear to have remamed modestly 
successful m the\.1: adaptauons \\1:\.tU the present day­
though the cold cond1t1ons cb:ove them out of Europe 
dunng the Glnctal penod and they have not smce returned 
(c.."\.ccpt to Gibraltar). 

Related to the Old~Wo.cld monkeys, and probably 
cvoh·cd out of them m early Teruary tunes, the antbro-l 
pmd apes differ. from the other pmna.tes m bta11l-S1Ze 
(and correlated mtelligence), m body~size, 1n the loss of 
the tml, and in, the assumpt10n of a ground-dwelling 
lub1t . Whuc the monkey~ are little redu_ced in numbers\ 
or 'Yanety, and indeed (subJect to compct:tllon with man) 
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may still be prog.ressmg from the1t condttton in former 
penods, the apes are certainly dechmng Fossil apes 
have been discovered 1n considerable numbers durtng 
recent years the earhest known hved perhaps forty 
rrullton years ago, and durrng rmd-'I'erttary ttmeli, par­
ticularly m Afrtca, whole families of apes evolved and 
spread over much of the Old World (but not of the New) 
In later 'I'eruary ttmes, for whatever reason (partly per­
haps because they suffered hardslup wtth the onset of the 
ngorous chmate of the Glactal penod), thetr numbers 
were reduced, and they now enst only 10 the gtbbon, the 
orang-utan, the gonlla, the chunpanzee, and man 
'!'he gonlla and the clumpanzee need to be art.tfictally 
protected to be saved from l!kely e.""ttmctton, and 
only man 1s " successful " as Judged by 10creas10g 
numbers 

Anatonucally, man 1s a great ape not chffenng 10 
any notable feature from the other apes, and dtsplay10g 
parttcularly close resemblance to the clumpanzee a.ad the 
gorilla-not that he 1s descended from etther, sw.ce all 
three are contemporaries. Ht.s ancestry, hke that of the 
other apes, 1s represented m the fossil record by forms 
which clearly show the collateral stages of traosttton 
from early 'I'eruary prototypes 

On the whole, evolutton m the apes has been rel3.ttvely 
slow, skeletons of what seem to be typtcal gtbbon-l!ke 
and gonlla-hke forms be10g known from rmd-Ternary 
rocks Man, on the other hand, shows evolutionary 
progression notably m two features the structure of Ius 
head, and his upnght posture The former 1s cbar­
actenzed by an lllflatton of the bram-case and a t.-dine­
ment of the face, the latter by the perfection of the 
btpedal stance (which entails structural adaptation of the 
backbone and the legs) wtth the adoptton of a pertllanent 
ground-dwelhng mode of hfe. In these features he 1s 
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"progressive,, and offers the mrun contrasts to the 
" conservative " gonlla and chtmpanzec. 

A number of mtermedtate types l.tnkmg man w1th 
typtcal apes arc now fa.lfly well known. He belongs to a 
divergent offshoot that stemmed from a form not unltke 
the 1rud-Terttary Procollsa/, a ground-dweller standing 
perhaps not too surely on h.ts lund legs Shortly before 
the bcgmrung of the Glactal penod, whole fanuhes of 
ape-hke forms, of wluch AllslraloprthcetiS 1s representative, 
were common 1n South and East Afrtca, pomtmg 
to a local burst of evolution : they had the low skull­
crown, brow-ndges, and proJectlng pws of an ape-hke 
form, but 1n subdued degree, 1n the s12e of their bram 
they were (be10g small) proportionately far 1ll advance of 
the clumpanzee or the gonlla, though approXImating to 
the latter 1n an absolute crarual volume of about 6oo c c., 
and they appear, from the structure of their hlp-bones, to 
have been upnght walkers The more recent Java man 
(Prthecatdhropr1S) and h.ts near relation, Pektn man (the 
so-called Swanthrop11S), hved durmg the Glactal penod, 
perhaps half a rrullton years ago. Although they show 
many ape-like features m their skulls (mcludmg pronu­
ncnt brow-ndges and proJecting Jaws), the volume of 
the bram-case 1ll some spee1mens reaches 1 ;oo c.c.­
about that of a livmg Australian abor1gmc-and they 
were sk.llful and Intelligent enough to make artefacts and 
to usc fire, and unagmauvc enough to be rttual canrubals 
The Engltsh Ptltdown man (Eoanthroprts), also of Glacral 
age, 1s even more modern 1n appearance, wtth a char­
actensuc human craruum of about I ;oo c.c m volume 
but with proJcctmg sim1an Jaws Neanderthal man (t~ 
whom Rhodesian man 1s very surular) 1S sufficrently 
human to be placed 1fl the genus Homo (though not to be 
called sapiens) He 1s known m n large sencs of speci­
mens from many parts of the north-western Old \Vorld-

H 
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spectmens wluch show a gradat10n, part1culatly tn 
refinement of face and perfect10n of upright stance, 
towards dlstmctly " modern '' types, and wruch tn some 
samples h.tnt at dttect relatlonshlp With races of mea still 
lJvmg 

The preose hoes of descent of present-day mao con­
t10ue to be matter for argument, most of them probably 
not stemnung du:ectly from a neanderthalo1d stock But, 
desp1te thts uncertatnty 10 det:a.tl, the fossils leave no room 
for doubt10g the essential truth that man 1s descended from 
s1m1an ancestors Moreover, 1t 1s clear that wtthm the 
specres Homo saptcns there have been wtdespread regtonal 
dtfferentlatton and local evolutton comparable wtth but 
not so profound as those seen m the monkeys The 
broad dlst1nct10n between the four tna1n kmds of men- · 
australotds, negro1ds, mongolo1ds, and "wlutes "-Is 1n 

a genera!J..zed way an mstance of lnCiptent geograplucal 
speCiation, partly 1n the form of graded cltnes, as 
between Europeans, Iraruans, and Indians, partly by 
dtsJunctton, as between " white" North Afncans and 
negrotd tropical Mncans separated by the Sahara desert 
hamer 

It will probably tematn rmposs1ble to dtsentaogle 1n 

detatl all the threads of man's ancestry, smce superposed 
on the reg10nal subspeoatton (a product of relatively 
static settlement) there has been widespread migration 
tending to smooth out the subspectfic contrasts All 
men are thus hybnd m more or less degree, and wtth 
the relattve tntenslficatton of migrant cross-breeding 1n 

recent centunes (espectally 1n the New World), novel 
gene-comblnattons are product.ng new types of men as 
further examples of the evoluttom.ry process 

In no smgle respect does the evolutton of the ptlmates 
dtffer 1.0 krnd from that of any other group of orgarusms. 
As 10 those other groups, 1t 1s comp_ounded of elements 
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Ftc 8 -Fossil man-lsJ...e apes and men, sho'l\. mg grnd'ltJon 1n structure 
PftK(;tUtilltved about .:o mtllton Y<::U'S ngo, Arulraloprthmu about 
t\\'0 (lt three mlllaon ) ears :~.go, the tcm:uodcr "ere more or less 
contemporaneous dunng the Icc Age, and were sufficiently 
mtcUtgent to manufilcture tmplements 
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wluch are come together at random, and tts products are 
hkely to suffer the vtClSsttudes and fate of all orgaruc 
groups Monkeys and man happen at the moment to be 
successful, or perhaps m the ascendant, but the lemurs 
are declmmg, most kmds bemg restncted m theu: dts­
tnbution to the tsland sanctuary of Madagascar, and the 
great apes, formerly relatively abundant, vaned, and 
wtdespread, are now on the way to extmction The rue 
and dtverstfication of the dtfferent groups took place by a 
happy but qwte fortwtous assoaatton of the nght genes 
and the appropmte envuonment of selectton It ts 
qwte tmposstble to " expla1.n " pnmate evolution wtthout 
takmg both :fuctors, wluch are mutually mdependent, 
tnto account. ' 

In screntlfic aspect the evolutl.onary process ts wtthout 
obv1ous purpose-though, knoWltlg how 1t works, 
man may become tncreasmgly able to make 1t purposeful 
m Ius own behalf Nor does It bear the marks of what 
can be called progress By equatmg progress wtth sl2:e 
or Intelligence or complex1ty tt 1s, of course, posstble to 
see progress m sundry marufestanons of evolut10n. 
Repttles may then be regarded as an advance on fishes, 
mammals on reptiles, man on monkeys But such 
parttahty and over-sunphficatl.on neglect the multtphClty 
of elements 1n the evolutionary process A " hne " of 
evolution ts a converuent fi.ctlon 1t ts, m fact, never a 
hne, but a network hnktng a great number of more or 
less related mdtvtduals whtch show dtverstfication 
through constant radtattng adaptation Some, perhaps 
most, of the adaptations have only a bnef and modest 
day before thett hnes are exterm.trul.ted Some are gtven 
the opporturuty of explonng new enVironments, and 
flounsh m numbers and vartant ktnds Some dtsplay 
close selection and perstst as long-ltved forms m an un­
spectacular way But none shows continued " success '' 
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(Judged by numbers and k.tnds) over long mtervals of 
geolog~cal tlme. 

There 1s no steady march of progress. The reptiles 
did not evolve out of the ru.lmg amphib1ans, or the 
mammals out of the ruhng ·rept!les, and the pnmates 
had thc1r ortgm m a mammahan group completely m­
stgruficant to the present day. The general ptcture 1s not 
one of conunued advance (even as measured by arb1trary 
yard-sucks), but of replacement. Thls 1s to be expected 
as a reflecuon of the fact that successful spectahzatJ.on ID 

one env1tonment 1s d!sadvantageous m another; and 
only e.'\.ceptlonally 1s the closely spectaltzed form able to 
retrace its steps or dtverge along a novel path at a speed 
sufficient to prevent extJ.nctmn m the struggle for sur­
Vival. In a sense, the more successful a group happens 
to be, the more " progress " 1t appears to have made, 
the more orrunous 1s the prospect for future evolutton. 
Sooner or later lt can expect to be replaced by another 
group ad:tpt1vcly more respons1ve, whlch 1n due course 
will undergo s1nu.lar nse and dechne. 

Moreover, there 1S no smgle donunant retgrung group 
of orgarusms at any one tune references to the " Age of 
Tnlobttcs," the " Age of Goruatltes," the " Age of 
Repulcs)'' though proper comments on aspects of the 
fosstl record, are parual and b1ascd m broad Vlew. There 
wns no penod 1n geologtcal lustory which was dorrun­
atcd exclusively by tnlobues or goruatltes or rept:I.les. 
Different chsses of orgarusms have tended to select 
dtffcrcnt klnds of enVl!onments for colonization and 
consequent su.ry1vat, and lf the envttonments are very 
dtifcrent the classes may never meet Thus competltlon 
between mammals and deep-sea fishes, or between bttds 
and corals, 1s e.'\.cecdmgly mdttcct, and m the1r respective 
realms successful and abundant forms perstst w1thout 
co111Ulg lnto d!sastrous confuct. Thus the Age of 
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'I'nlobttes was also the Age of Graptohtes, and the Age 
of Reptlles was also the Age of A.mmomtes 

Even w1thm the one group of the reptlles 1t 1s only 
partly true to say that they gradually dechned and nearly 
rued out Wlth the nse of the mammals (the replacement 
berng regarded as an aspec:;t of cc progress ") The 
statement apphes only to terrestnal and aquatic reptlles 
It does not apply at all to that speaahzed reptilian off­
shoot, the bttds, wluch throughout thet.r hlstory have 
been vlrtUally untouched by maDl.lllal.tan competition 
(the bats be1.ng poor nvals, acknowledgmg as much m 
thetr noctumal hab1ts) they continue to thnve 1n the 
greatest var1ety and abundance at the present day, and 
the Tertiary era has been the Age of B1rds no less than 
the Age of Mammals mdeed, on any matenal measure 
of success the btrds are at least as successful as the 
mammals, 1n most groups of wluch there are clear stgns 
of dechne 

In the same way, mvertebrates are, no doubt, m 
structural and functional complex.tty u wfenor " to the 
vertebrates, but there manifesdy has been no progresstve 
evolutionary nse from one group to another Molluscs 
and crustaceans, corals and sea-urchms, are as abundant 
as ever they were, and w1thm the1r groups they dtsplay 
the same sort of evolutlonary expans10n as the fishes or 
the reptiles or the man:unals, and the msects have 
reached a peak of dtvers1ty and abundance scarcely 
approached by the vertebrates The smgle-celled ammals 
and plants, structurally the most " pnnutlve "' of cellular 
orgarusms, may well be at the1r acme of development at 
the present day 

In such a nch and vaned context of evolutionary hnes 
1t 1s unposs1ble to dtscern a smgle over-ndmg motU m 
evolution A soentlfic explanation of the course of 
evolution therefore avo1ds reference to e1ther purpose or 
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progress m 1ts recogrution of the factors of change. So 
far as tt 1s sctenl:tfic, 1t falls back on the empmcal eVIdence; 
and to cover th<: phenomena 1t elaborates the relations of 
nature and nurtute as lts theme, wluch 1t sets m the scale 
of geolog1cal tl.me. 
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GLOSSARY 

Adaptive radiation. The dlvergence from a pnrru.ttve 
ancestral stock of hoes of evolution dtsplay1ng structural 
and functional adJustment to a vanety of envu:onments 

Amphibians. A class of vertebrate an.unals, typilied by 
newts and frogs, wluch lay eggs 1n water, and b-reathe by 
means of gtlls 10 the tadpole stage and lungs 1n the adult. 

Angiosperms. Flowenng plants. 
Arthropods. A grou_p of mvertebrate arumals, mcludln.g 

wasps, sptders, centipedes, and crabs, whlch have a seg­
mented body w1th a more or less large number of legs, and 
an external skeletal sheath of horny matenal. 

Chromosome. A thread-like structure m the cell nucleus, 
usually of speetfic shape and represented m constant number 
m each c;pcoes, whtch appears dunng stages of cell ruvlSlon 
and carnes a complement of genes 

Cline. A graded change m the structure 'or appearance or 
behav1our of members of a speoes or speCies-group wluch 
has a w1dc range 10 orne or space, a character-graChent. 

Cycad. A plant of general palm-hke form, but d.Ufenng from 
the true palms (whlch arc flowermg plants) m havmg 
naked seeds 

Drift. The evolutton that may take place for a short tune 
m populations too small to pernut the statlSttcal laws of 
systematic selectton to apply, and that may then not be 
str1ctJy adapttve. 

Fcctus. The earliest stage m the growth of a mammal, 
when lt sulllles m the womb. 

Fossil. A reltc of former hfe, most often a skeletal hard 
part, but somettmes an Impression, usually preserved m 
scdtmcntary rocks 

Gene. A urut ofheredttary control, having a definttc pbsitton 
on a parucular chromosome, and probably a defirutc chetru~ 
cal composlt.J.on, which IS a prune stunulus of IndiVIdual 
growth. 

Gene-flow. The e.."tchange and re-assortment of genes be­
tween genotypes on cross-breeding 

12! 
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Genettc system The mtegratedassociatwn of chromosomes 
and genes 10 a germ-cell forrrung the mteroal envuonment 
ID wluch the smgle gene operates 

Genotype. The assooaoon of hered.ttary matenals m the 
germ-cell detern:umng the nature of the mdlvtdual 

Genus. A classlficatory cate~ory 1n wluch speaes of com­
mon ongm or common baste form are placed 

Habttat The normal environment of an orgarusm llvmg 
under natural condloons. 

Hormone. A secret10n usually of the ductless glands wluch 
has a marked effect ill somulatmg the processes of growth 

Hybnd. The offsprlllg of parents wlucli dJ..tfer genotyptcally 
from one another 

Invertebrate. Arumals, llke sruuls, Jelly-fishes, lobsters, 
worms, aod sea-urch.ms, wluch are mthout a bony back­
bone though they may possess other kw.ds of skeletal 
supports 

Larva. A young stage m md.tvtdual qevdopment that ts 
markedly d.lfferent 10 outward form from the adult, as the 
chrysalls of a butterfly or the tadpole of a frog 

Lethal gene A harmful gene whose possessor fatls to 
surv1ve beyond the early stages of ~rowth 

Lmeage. A success10n of forms constltutlng an evoluuonary 
senes, a " ltne ., of evolution 

Mammals. A class of vertebrate arumals 1n wh.tch the young 
1S noutlSbed 1n the womb unnl a late stage of growth, and 
after btrth lS suckled..for a tune by the mother 

M~rsuptals. A group of pmrutlve mammals 1n wluch the 
young are born at a stage of extreme unmatunty, and for 
a ttme are ca.med by the mother 1n the matsuptal pouch 

Molluscs A large group of mvertebrate anunals, most of 
whtch are partly protected by an external shell, sillgle and 
coiled 1n saatls and ammorutes, b1Valved 1n musscls and 
cociJes 

Mutant. Ao todlvtdual dlsplaymg structural or phystologtcal 
differences from tts fellows because of gentc dtfferences, a 
gene dtffenng through mutation from eqwvalent genes 1n 
other tndlvtduals or cells 

Mutation A change ill the heredltary quallty of the geno­
type ansmg through an alteration of the chromosome­
arrangement or of the nature of a gene. 
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Orthogenesis. As descnptton, the determinate and unde­
VJ.attng course of evolutton apparently dtsplayed by some 
groups of orgarusms, as theory, the ascnptton of J.nherent 
momentum promottng the recttlmear trend of such 
evolutton. 

'Phylogeny. The _l?ath of evolutton m a group of ammals 
or plants, someumes eqwvalcnt to a lmeage, but usually 
wtth a w1dcr connotation to mclude collaterals; ractal 
htstory. 

'Placentals A group of n:mmmals m w\ucb the young are 
born m a relattvely advanced stage of growth (the name 
bc1.ng denved from the placenta, a structure ID the womb 
allowmg a ncb food-supply for the ~tus) 

Plexus. -TI1e network of kmslup between geoerat:tons when 
evolution 1s seen as the lustoncal passage from a host of 
J.ndtvtdual ancestors to a host of mdtv1dual descendants 

Positton~efl'ect. The effect on the mode of acttvlty of a 
gene following from the controls exerted on 1t by neighbour 
genes accordiD.g to 1ts pos1tton on 1ts chromosome. 

Pteridosperms. A group~of plants wtth a general fem-ltke 
appearance and folutge, but (unltke true ferns) beanng 
seeds 

Pure Unc. A succession of generations m wluch parents 
and o!fspnng are genotypically 1denttcal 

Reptiles. A class of vertebrate arumals which, llke the 
mammals, breathe by means of lungs throughout hfe, but, 
hke the ampluhlruls, lay eggs and do not suckle their 
young. -

Speciation. The process of dtfferentlatton of a parental 
spec1es mto a number of clisttnct descendant spcctes, usually 
through geograplucal ssolatton. 

Spccles. A classificatory category subJecttvely delined m 
vanous ways, but obJccttvely defined for convemence as 
the group of all those or~sms which (actually or poten­
tially) frecly interbreed m natural condtttons to produce 
fertllc offspnng 

Subspecies. Usually a local subdt'\"JSlon of a spectes cb.arac­
tcru:ed by structural or phystolog1cal _{)ecuhaottes but not 
sepa~ted from netghbounng subspeces by reproducttve 
ISolatton, a gcographtca1 race 

Transient. An milivtdual member of an evoluttonaty senes. 
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Variability. The capaCity of an tndlVldual or a population 
to express a range of dlfferences tn form or behe.vtour 
accorchng to the reactton between genotypic natute and 
posstble env1ronments of growth. 

Vanant. An tnd!Vldual d.Ufenng phenotypically (for what­
ever reason) from tts fellows or from the norm of 1ts kl.nd 

Variation. The type or range of vanability of an mdlVldual 
or a population actually expressed m a gtven envtronment 

Vertebrate. An aruma! possessmg an mternal backbone 
as essenttal skeletal support. 
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