
GENETIC EQUILIBRIUM 
Br the time ofDanuin :, death, m I 2, the idea of evo/ullon by 

natural selection had ROmed wide ncceptance among scientists 

M'ithin the next century, nn increasing sc1ent1fic understanding 

ofgenetics became strongly linked with theones of t>oolution 

and natumlselec11on. 

VARIATION OF TRAITS 
WITHIN A POPULATION 

PopUlatloo genetlai Is the study o f evolution lrom a genetic point 
ol viPW. Evolution at the genetic l evel Is sometimes called 
m1croevoludoo. delined as a change In the collective genellc ma
terial of a population. Recall that the genetic material o f organisms 
consists ol many alleles-or varlatlons-ol many genes that code 
(or various trails. RP<"all that a population consists of a group of 
indl\iduals ol the same species that ro111 lnrly Interbreed 
Populatlons arc Important to the study ol evolution because a 

population Is the smallest unit In which evo lution occurs. 
\\~thin a population, Individuals may vary in observable traits. 

For example, fish of a single species in a pond may vary In size. 
Biologists often study variation In a trait by measuring that trait In 
a large sample. Figure 16- 1 shows a graph of the frequency ol 
lengths In a population of mature fish. Because the shape ol the 
curve looks like a 1><!11. II ls called a bell cur ve. The bell curve 
shows that where.is a few fish In this population are very short and 
a lew are very long. most are o l average length. In nature. mnny 
quanlllallve trails in a population-such as height and weight
lend 10 show variation that lollows a bell curve p.1tte m . 

Length in a Population of Fish 
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SECTION I 

OBJECTIVES 
• Identify trails that vary in 

popufat,ons and that may be 
studied 

• Explain ~ lmponance of the bell 
CUM! 10 populallOll genet,cs, 

• Compare lhtee causes ofgenellC 
vanaoon ,n a populat1011. 

• Calculate allele frequency and 
phenotype frequency. 

• Explain Ha,dy-Wemberg genelK 
equihbnum 

VOCAB ULARY 
population genetics 
miuoevofution 
bell curve 
gene pool 
allele frequency 
phenotype frequency 
Hardy•Weinberg genetic 

equilibrium 
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Aboll CUM ,llustrale< that most 
m,mbffl of a popuL111on h.lvt simil•r 
valutS lor a9"""--~1ra11 

[ Only a few onct,vodua~ d,splay U UM\f 
\I.JJl.lhOM of 1hta trait 

CD> 

FIGURE 16-2 

Many vaned but similar p/,enol)'peS 
occur within famil~ because member$ 
of a family share some alleles but 
001 others. 

Causes o f Variation 
Whal causes varlatlo11 In trails? Some variations are innueii~ 
environmental factors, such as the amount orquality of fOo,j'>l ~ 
able 10 an organism. Variation Is also Influenced by her"<!, ~ 
variations occur as a rang,. of phenotyplc possibilities C•~·S 
range of body sizes). whereas others occur as a ~et of • Pt<,i:• , 
notypes (such as two possible flower colors). ~ 

To consider variability, think about phenotypes Wll~ln 
human lamlly. Two parents, each with adlslinct genot}IJ)e, a' 
duce several children. In the picture of the family In Figure~~ 
two young-adult brothers are not Identical to each Oth lilt 
though their genotypeS are combinations of the genotni:· , 
same two parents. Both young men resemble their lather, 1~ ~ 
dllferent traits. The bahy resembles his young lather, his !!I lo 
lher, and his uncle. Thus. these males representing three ~ 
lions look similar bul not Identical. 

Whal causes genes 10 vary? Variations in genotypear;.,.10 Uiii, 
main ways. (l ) Murarion ls a random change In a gene that ls l)as 
on to offspring. (2) Recombination is the reshuffling of ~ :' 
diploid lndlVldual. Recall that recombination occurs during ~ 
by Independent assortment and crossing-over of gen,,. on chi,; 
mosomes. (3) The rorrdom pairing ofgametes occurs because~ 
organism produces large numbers of gametes. So, the union"• 
particular pair of gametes Is partly a mailer of chance. 

Scientlsls are still exploring other causes of variation in lra;,_ 
For example, the expression ol some genes depends up0n th• Prt> 
ence or absence of other genes or factors In the environment. Tb, 
net result of having many alleles of many genes is the varietya 
unique genotypes and phenotypes that we see in populations 

(iHE GENE POOL 

Population geneticists use the term gene pool to describe the10UI 
genetic Information available in a population. il Is easy to imagmo 
genes for the next generation as existing in an imaginary pool I 
you could Inventory this pool and know all of the alleles thal"' 
present, then you could apply a simple set of rules based on~ 
ability theory to predict e.~pected genotypes and their frequencitl 
for the next generation. 

Suppose, for example, that there are two alleles of a hypodtd> 
cal gene, A and a, In a set of 10 gametes. II half the game1es inlht 
set (5 gametes) carry the allele A, we would say that the alltlelr; 
quency of the A allele Is 0.5, or 50 percent. Allele frequ~ • 
de1ermlned by cllvldlng the number ol a certain allele ( t 

Instances of the A allele) by the total number of alleles of al~~ 
In the population ( 10gametes, each with either an A or af1 ° fll 
Remember that a gamete Is haploid and thPrelore carries onl)' 
allele for each gene. 
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1(111111 f4li 
predicting Phe notype 
n,e population o f four o'clock !lowers, shown In Figure 16-3, lllus
irates how phenotype can change from generation to generation. 
Homozygous RR nowers are red. Homozygous rr flowers are white. 
Heterozygous Rr flowers are pink rather than red, as you might 
~_.peet. These flowers show Incomplete dominance for color. 
meaning heterozygotes show a trail that falls between the domi
nant trait and the recessive trait. Thus, homozygotes and heter<>
zygotes can be easily Identified by observin!! the phenotype. 

Compare the parent generation with the offspring generation of 
the four o'clock flowers shown In Figure 16-3. There are equal num
bers of plants with the RR genotype and the Rr genotype In the fi rst 
generation. You can compute the phenotype frequencies from the 
ngure. A pbennlyJW' frequency ls equal to the number of Individuals 
with a particular phenotype divided by the total number of individ
uals in the population. Phenotype frequeucies in the first gem,rallon 
arc 0.5 pink (4 pink plants out of a total of 8 plants). 0.5 reel (4 red 
plants out of a total of 8 plants), and 0.0 white. Recall that allele 
frequencies are computed using the same principle: the allele fre
quencies In the first-generation plants are 0.75 R ( 12 R alleles out of 
a total or 16 alleles) and 0.25 r (4 r alleles out of a total of 16 alleles). 

We now can predict the genotypes and phenotypes of the second 
generation. U a male gamete encounters a female gamete. they will 
produce a new lour o'clock plant whose ~notypr Is the combination 
of both parental l(ametes. Thus. an R male gamete combined with an 
R female gamete will produce a plant with t11c RR genotype, which 
has red 0owers. According to lhe laws of pmbablllty, the chance of 
an R gamete (a single allele) meeting with another R gamete Is the 
arithmetic product of their allele frequencies In the gene pool: 

Crequenry nfR X frequency of R a frequency of RR pair 
0. 75 X 0. 75 ; 0.5625 

The expected frequency nf the rr genotype Is then 

frequency of r x frequency o f r ~ frequency of rr pair 
0.25 X 0,25 a 0.0625 

NIST GENUATION 

RR Rr RrRr RrM 11/1 

SECOND GENERATION 

RR 
M Rr 

FIGURE 16-3 
Allho<Jgh the four o'duc;k llowe<i diffe< 
phenotyp,<ally from gene,ation to 
gener.,tioo, the allele frequencies tend 
10 remain tht same 

PHENOTYPE Al.LELE 
FREQUENCY FREQUENCY 

Whit~ 0 R 0.75 
Plnk OS r 0.25 
Red 05 

RR 

Wh,te 0 125 R 0.75 
Plnk 0 25 r 0 25 
Red 0 625 

RR 

FIGURE 16-4 

This flock of mallards, An.JS 
"'4tyrhyncho<. likely vioiatP< <om<! 
°' oil of the condiuons necessary 
fo, Hardy-Weinberg genetic 
equilrbtium. 

Word Roots and Origins 

equilibrium 

from the Lonn ;,cquilibri,. 
meaning ·equal balance· 

The frequencies or all genoty~s expected In the ~cco1111 K 
atlon must add up to 1.0, Just as fractions of a whole mu, t at:-, 
to I. Having established the probabllltles of getting an HR and llj, 

81 
plant, we can compute the expected frequencyo( theRrplaitb 1" 

thost: plants t11at are nt:lther RR 11ur rr will be Rr, so ·..,_ 

1.0 - frequency or RR - frequency of rr = frequency of Rr 
1.0 - 0.5625 - 0.0625 = 0.375 

HARDY- W EINBERG G EN ETic 
EQUILIBRIUM 

It Is clear from the e_xample of the four o'clock nowers that ph"'°' 
typP frequencies can change dramatlcally from generation to gtn. 
eration. But what happens to allele frequencies over generations, 
A Germon physician, WIiheim Weinberg ( 1862- 1937), antl a BriUsh 
mathematician, Godfrey Hnrdy ( IR77-I947), independent~
showed that genotype frequencies In a population tend to rem.., 
the same from generation to generation unless acted on by outsldt 
ln0uenccs. This principle Is referred to as Hardy-Weinberg geott1c 
equlllbrtuw, antl It is based un a sci of assu1111)lluns about an ideal 
hypothetical population that Is not evolving: 

I. No net mutallons occur: lhat Is, the alleles remain the sam~ 
2. Individuals neither enter nor leave the population. 
3. The population Is large ( Ideally, lnllnltely large). 
4. lndlV1duals mate randomly. 
5. Selection does not occur. 

Bear In mind that true genetic equilibrium Is a theoretical mt• 
Real populallons, such as the flock of mallards In Figure UH, may 
not meet all of the conditions necessary for genetic equilibrium. B) 
l)ruvitllng a mudcl of how genetic equilibrium iS maintained, lilt 
Hardy-Weinberg principle allows us to consider what forces di>
rupt Renelle equilibrium. 

SECTION 

1. How does the distribution of traits In a popula
tion loolt when displayed as a graph 7 

Z. Describe lliree causes of genet ic variation in a 
population. 

J. llfllat ls - by the term human ~ poon 
4. How Is phenotype frequency computed? 

S. --- .. conditions that • population must 
aNI In onllr to haw genetic equlllbrium? 

I Rt.::Vlt.::W __ _ 

CRITICAL THINKING 

6. Evaluating Methods Sy observation only, is it 
easier to deduce the genotype of organisms fo, 
an allele that has complett dominance or incom
plete dominance? 

7. Making Calculations Half of a population of 
four o'clocks has red flowers, and half has whitt 
flowers. What is tlie frequency of the ralleld 

8. Relating Concept< How does the pairing of 
gametH prodU<e genotypic variation? 

, o , ut ATION rif NH,CI AND Sl'ECIATION • 



DISRUPTION OF CENETIC 
EQUILIBRIUM 
E volution is the change in a populations genetic material 

over generations, that is, a change of /he populations allele 

(requencies or genotype frequenries. Any exception to the 
five conditions necessary for Hardy-Weinberg equilibrium can 
result in evolution. 

~UTATION 

The firsl requirement for genetic equilibrium is that allele frequen• 
cles not change overall because of mutations. Spontaneous muta
tions occur constantly, at very low rates under normal conditions. 
But if an organism Is exposed to mutagens-mutatlon<ausing 
agents such as radiation and certain chemicals-mutation rates can 
Increase significantly. Mutations can affect genetic equilibrium by 
producing totally newalleles for a trait. Many mutations are harm/ul, 
although some have no effect. Because natural selection operates 
only on genes that are expressed, it is very slow to eliminate harm• 
ful recessive mutations. In the long run. however. beneficial muta• 
lions are a vital part of evolution. 

@ENE FLOW 

The second requirement for genetic equlllbr lum Is that the size o f 
the populatjon remains constant. If ludlvlduals move, genes move 
with them. Immigration is the movement of individuals Into a pop. 
ulation, and e migration Is the movement of Individuals out of 

a population. 
The behavioral ecology of some animal species encourages 

Immigration arid emigration. Common baboons live on the savan• 
nas of eastern Africa In social and breeding groups called troops A 
troop i s dominated by a few adult males. and It may havP l rom 10 
to 200 members. Females l end to remain with the troop they are 
born into; however, younger or less dominant males leave their 
binh troop. eventually joining another t roop. This constant mov~ 
ment of male animals ensures gene flow. Gene now Is the µrocess 
of genes moving from one population to another. Gene flow can 
occur through various mechanisms, such as the migration of lndl
Vlduals or the d ispersal o f seeds or spores. 

SECTION 2 

OBJECTIVES 
• Ust f,ve conditions under which 

evolution mirf take place 
• Explain how mi!,ation can affect 

the genetics of populations. 
• Explain how genetic drift can affect 

populations of different sizes. 
• Contrast the effectS of stabilizing 

selection, directional selection. and 
disruptive selection on populations 
overtime. 

• Identify examples of r,onrandom 
mating. 

VOCABULARY 
immigration 
emigrat ion 
gene flow 
genetic drih 
sexual selection 
stabilizing selection 
disruptive selection 
directional selection 

~u and Origins 

immigration 

from the Latin 1mm,gn,,._ 
meaning · 10 go into· 

,o,utATJON GENH ICS ANO SrECIArtON • 

FIGURE 16-5 

GtnollC dnlt is s,grnfic.nt only 11 small 
and medium-saed populations. In a 
small population, a pof1KIJ1ar allde 
may disappear completely over• low 
generations. In a larger population. 
a pan,wlar allele may vary wid,ly ,n 
frequency due lD dlance but Sbll be 
p,esent on enoucji ,ndnnduals to be 
maintained ., the population. In a 
much large, pop.,lauon, the frequency 
of a pa<ticula, allde may vary shghllyby 
dlanc• but rema,n rela!Nfly stable over 
generations. 

FIGURE 16-6 

Populations of the once nearly exnnct 

northern elephant seal, Mlf0Uf19i 
angustxoStti1. ha.e lost genellC 
vanabrlity-<ndividuals are homozygou$ 
lofall of thew genes that ha.ebeen 
tested lhlS result of genetic dnft could 
mau the sp«ie< wlnorable to exmruon. 
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@ENETIC DRIFT 

The third requirement of genetic equlllbrlum is the presence or, 
large population. The Hardy-Weinberg principle is based on the 
laws of probability, which are less applicable to smaller po~ 
lions. Geoetlc drift Is the phenomenon by which allele frequencJu 
in a population change as a result of random events, or chance. lo 
small populations. the failure of even a single organism lo rtp!l> 

duce can significantly disrupt the allele frequency of the poput. 
lion. as can greater-than-normal reproduction by an lndividu,1, 
resulting In genetic dr ift . Because it can result in significant changes 

within a population, genet ic drill is thought to be another 
possible mechanism for the evnl11tinn nl nrw S[><"<"ies 

Figure 16-5 shows a graph of genetic d rift In popul>
t lons of three d iffering sizes. Small populations ca 
undergo abrupt changes in allele frequencies, exhibi11ng1 
large degree of genetic drill, whereas large populations 
retain lairly slable allele frequencies, maintaining a smaD 
degree of genetic d rift. In the smallest population sho"11 
In the graph. the frequency of the example allele reaches 
zero at about the 45th generation. If wt! assume that tht 
population started with two alleles for a trait, then onl)" 
one allele Is left, and every individual is homozygous f« 
that trail. Once this change happens, the population is ii 
danger o f becomtng extinct because there is no varlaliOI 
for natural selection to act on. For example, a natural di~ 
aster or a new disease could wipe out the entire popula
tion. For this reason, endangered species. such as ti>< 
nor thern elephant sral, as shown in Figure 16-6. remain ill 
peril of extinction even as thei r 1\utnbers Increase. 
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(Eo"NRANDOM MATING 
n,e fourth requirement or genetic equilibrium Is r . 

thout regard to genetic makeup Howeve andom matings.
~i . r, many s~Ies do t 
n,ate randomly. Mate selection is often influenced b no 
pioximlty. which can result In mates with so d Y geographic 

Matings or related individuals can amplify c:~al~~~~t:r kinship. 
-un ln orrsprlng with disorders caused by rec and can 
•- be essIvc genes which
althouSh rare, may present In the genomes 01 1 led . • • 

I re a individuals
In anotherexamp e o I nonrandom mathig i d. Id • 

1 • • n iv uas1 may select 
a male that has tra ts. similar lo their own traits. This mate wnuJd 
pr0bably have som~ similar genes. The selection or a mate based 

011
s,milarilY ~I traits is called assorratiue mating. Nonrandom malln 
afiects which alleles will be combined within lnd'vld 1 I g

I I . ua s. but II does 
not affect overall al e e frequencies within a population. 

Sexual Sele c tion 

In many species of birds. the males are brightly colored and often 
hea,ily plumed, such as the peacock shown In Figure I6-7 Th 
elaborately decorated males are easy for predators 

10 
s~. ~; 

...ould natural selection work In favor of an organism being con
spicuous to a predator? Females tend 10 choose the males they 
male with based on certain traits. This tendency Is referred lo as 
,exual aelectloo. In order to leave offspring. a male must be 
selected by the female. The peacock's gaudy plumage Increases his 
chances of being selected. Extreme traits. such as heavy. brightly 
colored ~lumage. may give the female an lndlcatlun of the qualityof 
the males genes or his hlness In his environment. Remember that 
".4tural selection a~Ls upon differences in survival anti reproduc
llOll. Natural selecllon favors an Increase in the genes of successful 
reproducers, rather than merely those of successful suruiuors. 

FIGURE 16-7 

Males someu~ display extreme ua1ts, 
such as the la,ge tail of this peacodc. 
Pavo cnstarus. This uait is lava.able if ,t 
attracts females and increases the 
,ep,oductive fillless of the male. 

Evaluatlng Selection 

Materials unlined pall"', coloied 
penal~ 25 colored candies 

Procedure 
1. fold a sheet of unlined papet 

,n hall top over bonom. U<ing 
colored pencils, d«0<ate half the 
pall"' with different colored or
des. Make each col0<ed circle 
about the size of a quarter. 

2. S<.>ncr your "population" of 
candies over the und«O<ated 
half of the sheet of pape,. Coont 
and record how many candies 
ma1<h the background colO<. 

3. Now, scaner the candies over 
the de<0<ated half of the sheet 
of paper. C011n1 and record how 
many c•nd>es match the badc
groond color. 

4. Candies that match the bade· 
groond color are camouflaged. 
C•ktJl•te the ratio of camou. 
flayed candies 10 uncamou· 
flaged candies m steps 2 and 3. 

5. Repeat steps 2-4 tw0 times, and 
aw,,MJP you, tP(ul«. 

6, Exchange paper with another 
group. and repeat steps 2-S. 

Analysis Was your population 
m0<e successfully camouflaged on 
the while backgroond 0< on the col-
0<ed background? How did color 
d1Vffl1ty affect you, popul.1t,on's 
"'"'"" M Ille colored badtgroundl 
~ on your results, predict which 
type of selection might increase 
your population's fi= ,n • m11lt1· 

colOled envuonmenL 

(EATURAL SELE~ 
The fifth requirement of genetic equilibrium Is the absence 
ural selection. Natural selection Is an ongoing process inn Of "It. 
It nften disrupts genetic equilibrium. A,; you have learncd•tu,t,lo> 
selection means that some members of a population ~llat"'• 
likely than other members to survive ~d reproduce and lh:t1or, 
Jrlbute their uenes to the next generation. · ~ 

Recall that natural selection operates on variations Of t 
within a populatlon. such as body size or color. When na\ura1 ~ 
lion Is at work uvcr lime, the distribution of lralts In a P0pu~· 
may change. In a graph. this kind of change woulrJ appe..,. as a41io.. 
away from Ihe normal bell curve. Scientists ul>serve three 1h.tt 

b·1· . el t' d' &"11t,.palterns of natural selection: sta 1 1zmg s ec ,on, 1srupuve , 
lion, and directional selection. stlot. 

Stabilizing Selection 
In stabfllzlng selection, individuals with the average form ol a1ril 
have the highest fitness. The average represents the optlmu

111 
lor 

most trails; extreme forms of most traits confer lower fitne3! Oil 

the individuals lhat have them. Consider a hypothetical specits~ 
lizard In which larger-than-average individuals might be more ea.. 
Uy spotted, captured, and eaten by predators. Un lhe other hand 
lizards thal are smaller than average might not be able to run~ 
enough to escape. 

Figure l&sa shows lhe effect of stablllzlng selection on body 
size In these lizards. The red curve shows the Initial varlallo,, ID 
li,ard sl,P as a standard bell curve. The blue curve representstht 
variation In body size several generations alter a new predator was 
Introduced. This predator easily captured the large, visible lizan!s 
and the small. slower lizards. Thus, selection against thes, 
extreme body types reduced the size range of the lizar~1 
Stahili,lngselectlon Is the most common kind of selection !toper. 
ates on most traits and resulls in very similar morphology bet~ffll 
most members or a species. 

Disruptive Selection 
In dl•ruptlvP APll'f'llon, Individuals with either extreme varlatrc. 
of a trail have greater fitness than Individuals wllh the a, erage 
form of lhe trail. Figure 16-8b shows the effect of disruptive $tll<· 

tion on shell color In limpets. which are marine animals. The slid 
color of limpets varies from vun, white to dark tan. \Vhltc..htlk<f 
limpets that are on rocks covered with goose barnacles, whlchatt 
also while, are at an advantage. Birds that prey on limpets h"'-t' 
hard lime distinguishing the white-shelled limpets from lht goost 
barnacles. On bare, dark-colored rocks, dark-shelled limpets arr: 
an advantage. Again, the llmpe1-ea1ing birds have a hard Lim•:~ 
Ing lhe dark shells against the dark background. However. the li

easlly spot limpets with shells ol lntermecllale color, which are' 
Ible against bolh th~ white aud ddrk uackgrounds. 
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FIGURE 15·1 
Natural selection i> evident wh<n the di>u1bu11on of ua1ts ,n 
apopulauon changtS over tune sh1ft1ng from the ong,nal 
bell CUM' (ind,c.,tt>d in rod) 1oward another pattern (shown 
In blue). Stabilizing ,elect,on (a) is a shift toward the cente, 
of the original bell curve. Dosruptove selectlOO (b) Is a shift on 
both duoctlOnS away from the center. Dtrect,onal selection 
(<) i> a shift in one di,ection only 

In directional selection, Individuals that display a more extreme 
form of a trait have greater fitness than Individuals with an average 
form of Jhe trait. Flgure 16& shows the effects of directional selec
tion on tongue length in anteaters. Anteater s feed by breaking open 
termite nests. pushing their sticky tongue Into the nest, and lapping 
up termites. Suppose t hat the termites In an area began to build 
deeper nests. Anteaters wlU1 long tongues could more effectively 
prey on these termites than could anteaters with short or average 
tongues. Thus. directional selection would act tn direct the trail of 
tongue length away from the average and toward one extreme. 

SEC I ION 2 RI.VIEW 

1. Lin five conditions that can disrupt genetic 
equilibrium and cause evolution to occur. 

2. Explain the role of mutations In evolution. 

3. Contrast gene flow with genetic drift. 

4. Explain why genetic drift Is more significant in 
smaller populatiOM. 

5. Contrast stabilizing selection, disruplln seltc· 
l<on, and dlrtctlOnal selecllon. 

CRITICAL THINKING 

6. Making lnferencH Why might a harmful allele 
ptrSist In a population for many generations? 

7. Relating Concepb Give an uampfe of a spe<IH 
111111 exhibits the effects of sexual selection. 

8. Applying Concepts For u<h of the three pat

- of natunii selection. give III example of a 
species that uhlblts the effacts of that selectlon. 

,o,u,A110N GfH(TfCS ANO S'ICIATION • 



Essential Selectionsfron1 

The Origin of Species 

By Charles Darwin 

1. Before applying the principles arrived at in the last chapter to organic 
beings in a state of natme, we must briefly discuss whether these laller are 
subject to any variation. To treat this subject at all properly, a long catalogue 
ofd1y facts should be given; but these I shall reserve for my future work. Nor 
shall I here discuss the various definitions which have been given of the term 
species. No one definition has as yet satisfied all naturalists; yet every 
naturalist knows vaguely what he means when he speaks of a species. 
Generally the term includes the unknown element of a distinct act of 
creation. The term 'variety' is almost equally difficult to define; but here 
conmmnity of descent is almost universally implied, though it can rarely be 
proved. We have also what are called monstrosities; but they graduate into 
varieties. By a monstrosity I presume is meant some considerable deviation 
of structure in one part, either injurious to or not useful to the species, and 
not generally propagated. Some authors use the term 'variation' in a technical 
sense, as implying a modification directly due to the physical conditions of 
life; and 'variations' in this sense are supposed not to be inherited: but who 
can say that the dwarfed condition of shells in the brackish waters of the 
Baltic, or dwarfed plants on Alpine summits, or the thicker fur of an animal 
from far northwards, would not in some cases be inherited for at least some 
few generations? and in this case I presume that the form would be called a 
variety. 

2. Again, we have many slight differences which may be called individual 
differences, such as are known frequenlly to appear in the offspring from the 
same parents, or which may be presumed to have thus arisen, from being 
frequently observed in the individuals of the same species inhabiting the 
same confined locality. No one supposes that all the individuals of the same 
species are cast in the ve1y same mould. These individual differences are 
highly important for us, as they afford materials for natural selection to 
accumulate, in the same manner as man can accumulate in any given 
direction individual differences in his domesticated productions. These 
individual differences generally affect what naturalists consider unimportant 
pa1is; but I could show by a long catalogue of facts, that parts which must be 
called imporlant, whether viewed under a physiological or classificatory 
point of view, sometimes vary in the individuals of the same species. I am 
convinced that the most experienced naturalist would be surprised at the 
number of the cases of variability, even in important parts of structure, which 

he could collect on good authority, as I have collected, during a course of 
years. It should be remembered that systematists arc far from pleased at 
finding variability in important characters, and that there are not many men 
who will laboriously examine internal and important organs, and compare 
them in many specimens of the same species. I should never have expected 
that the branching of the main nerves close to the great central ganglion of an 
insect would have been variable in the same species; I should have expected 
that changes of this nature could have been effected only by slow degrees: 
yet quite recently 11r Lubbock has shown a degree of variability in these 
main nerves in Coccus, which may almost be compared to the irregular 
branching of the stem of a tree. This philosophical naturalist, I may add, has 
also quite recently shown that the muscles in the larvae of certain insects are 
very far from uniform. Authors sometimes argue in a circle when they state 
that important organs never vary; for these same authors practically rank that 
character as important (as some few naturalists have honestly confessed) 
which does not vary; and, wider this point of view, no instance of any 
important part varying will ever be found: but under any other point of view 
many instances assuredly can be given. 

3. There is one point connected with individual differences, which seems to 
me extremely perplexing: I refer to those genera which have sometimes been 
called 'protean' or 'polymorphic,' in which the species present an inordinate 
amount of variation; and hardly two naturalists can agree which fonns to 
rank as species and which as varieties. We may instance Rubus, Rosa, and 
IIieracium amongst plants, several genera of insects, and several genera of 
Brachiopod shells. In most polymorphic genera some of the species have 
fixed and definite characters. Genera which are polymorphic in one country 
seem to be, with some few exceptions, polymorphic in other countries, and 
likewise, judging from Brachiopod shells, at former periods of time. These 
facts seem to be very perplexing, for they seem to show that this kind of 
variability is independent of the conditions of life. I am inclined to suspect 
that we see in these polymorphic genera vaiiations in points of structure 
which are of no service or disservice to the species, and which consequently 
have not been seized on and rendered definite by natural selection, as 
hereafter will be explained. 

4. Those fom1s which possess in some considerable degree the character of 
species, but which are so closely similar to some other forms, or arc_ so 
closely linked to them by intermediate gradations, that naturalists do not hke 
to rank them as distinct species, are in several re~pects the most impo1iant for 
us. We have every reason to believe that many of these doubtful and closely
allied fom1s have permanently retained their characters in their own country 
for a long time; for as long, as far as we know, as have good and true species. 
practically, when a naturalist can unite two fonns together by others ~1avin~ 
intermediate characters, he treats the one as a variety of the other, ranking thb-Cf; ) 



most common, but sometimes the one first described, as the species, and the 
other as the variety. But cases of great difficulty, which I will not here 
enumerate, sometimes occur in deciding whether or not to rank one form as a 
variety of another, even when they are closely connected by intermediate 
links; nor will the commonly-assumed hybrid nature of the intermediate links 
always remove the difficulty. In very many cases, however, one fom1 is 
ranked as a variety of another, not because the intermediate links have 
actually been found, but because analogy leads the observer to suppose either 
that they do now somewhere exist, or may fonnerly have existed; and here a 
wide door for the entry ofdoubt and conjecture is opened. 

5. Hence, in determining whether a fom1 should be ranked as a species or a 
variety, the opinion of naturalists having sound judgement and wide 
experience seems the only guide to follow. We must, however, in many 
cases, decide by a majority of naturalists, for few well-marked and well
known varieties can be named which have not been ranked as species by at 
least some competent judges. 

6. That varieties of this doubtful nature are far from uncommon cannot be 
disputed. Compare the several floras of Great Britain, of France or of the 
United States, drawn up by different botanists, and sec what a surprising 
number of forms have been ranked by one botanist as good species, and by 
another as mere varieties. Mr H. C. Watson, to whom I lie under deep 
obligation for assistance of all kinds, has marked for me 182 British plants, 
which are generally considered as varieties, but which have all been ranked 
by botanists as species; and in making this list he has omitted many trifling 
varieties, but which nevertheless have been ranked by some botanists as 
species, and he has entirely omitted several highly polymorphic genera. 
Under genera, including the most polymorphic forms, Mr Babington gives 
251 species, whereas Mr Bentham gives only 112, a difference of 139 
doubtful forms! Amongst animals which unite for each birth, and which are 
highly locomotive, doubtful forms, ranked by one zoologist as a species and 
by another as a variety, can rarely be found within the same country, but are 
common in separated areas. How many of those birds and insects in North 
America and Europe, which differ very slightly from each other, have been 
ranked by one eminent naturalist as undoubted species, and by another as 
varieties, or, as they are often called, as geographical races! Many years ago, 
when comparing, and seeing others compare, the birds from the separate 
islands of the Galapagos Archipelago, both one with another, and with those 
from the American mainland, I was much struck how entirely vague and 
arbitrary is the distinction between species and va1ieties. On the islets of the 
little Madeira group there arc many insects which are characterized as 
varieties in Mr W ollaston's admirable work, but which it cannot be doubted 
would be ranked as distinct species by many entomologists. Even lreland has 
a few animals, now generally regarded as varieties, but which have been 

ranked as species by some zoologists. Several most experienced 
ornithologists consider our British red grouse as only a strongly-marked rac~:\ 
of a Norwegian species, whereas the greater number rank it as an undoubt@,; 
species peculiar to Great Britain. A wide distance between the homes of two 
doubtful forms leads many naturalists to rank both as distinct species; but 
what distance, it has been well asked, will suffice? if that between America 
and Europe is ample, will that between the Continent and the Azores, or 
Madeira, or the Canaries, or lreland, be sufficient? It must be admitted that 
many forms, considered by highly-competent judges as varieties, have so 
perfectly the character of species that they are ranked by other highly
competent judges as good and true species. But to discuss whether they are 
rightly called species or varieties, before any definition of these terms has 
been generally accepted, is vainly to beat the air. 

7. Many of the cases of strongly-marked varieties or doubtful species well 
deserve consideration; for several interesting lines of argument, from 
geographical distribution, analogical variation, hybridism, &c., have been 
brought to bear on the attempt to detcnninc their rank. I will here give only a 
single instance, the well-known one of the primrose and cowslip, or Primula 
veris and elatior. These plants differ considerably in appearance; they have a 
different flavour and emit a different odour; they flower at slightly different 
periods; they grow in somewhat different stations; they ascend mountains to 
different heights; they have different geographical ranges; and lastly, 
according to very numerous experiments made during several years by that 
most careful observer Giirtner, they can be crossed only with much difficulty. 
We could hardly wish for better evidence of the two forms being specifically 
distinct. On the other hand, they are united by many intermediate links, and it 
is very doubtful whether these links are hybrids; and there is, as it seems to 
me, an overwhelming amount of experimental evidence, showing that they 
descend from common parents, and consequently must be ranked as 
varieties. 

8. Close investigation, in most cases, will bring naturalists to an agreement 
how to rank doubtful fonns. Yet it must be confessed, that it is in the best
known countries that we find the greatest number of fom1S of doubtful value. 
I have been struck with the fact, that if any animal or plant in a state ofnature 
be highly useful to man, or from any cause closely attract his attention, 
varieties of it will almost universally be found recorded. These varieties, 
moreover, will be often ranked by some authors as species. Look at the 
common oak, how closely it has been studied; yet a German author makes 
more than a dozen species out of fonns, which are very generally considered 
as varieties; and in this country the highest botanical authorities and practical 
men can be quoted to show that the sessile and pedunculated oaks are either 
good and distinct species or mere varieties. 



9. When a young naturalist commences the study of a group of organisms 
quite unknown to him, he is at first much perplexed to determine what 
cliffen:nces to consider as specific, and what as varieties; for he knows 
nothing of the amount and kind of variation to which the group is subject; 
and this shows, at least, how very generally there is some variation. But if he 
confine his attention to one class within one cotmtry, he will soon make up 
his mind how to rank most of the doubtful forms. His general tendency will 
be to make many species, for he will become impressed, just like the pigeon 
or poultry-fancier before alluded lo, with the amount of difference in the 
forms which he is continually studying; and he has little general knowledge 
of analogical variation in other groups and in other countries, by which to 
correct his first impressions. As he extends the range of his observations, he 
will meet with more cases of difficulty; for he will encounter a greater 
number of closely-allied forms. But if his observations be widely extended, 
he will in the end generally be enabled to make up his own mind which to 
call varieties and which species; but he will succeed in this at the expense of 
admitting much variation, and the truth of this admission will often be 
disputed by other natw-alists. When, moreover, he comes to study allied 
fonns brought from countries not now continuous, in which case he can 
hardly hope to find the intermediate links between his doubtful fonns, he will 
have to trust almost entirely to analogy, and his difficulties will rise to a 
climax. 

10. Certainly no clear line of demarcation has as yet been drawn between 
species and sub-species that is, the forms which in the opinion of some 
naturalists come very near to, but do not quite arrive at the rank of species; 
or, again, between sub-species and well-marked varieties, or between lesser 
varieties and individual differences. These differences blend into each other 
in an insensible series; and a series impresses the mind with the idea of an 
actual passage. 

11. Hence I look at individual differences, though of small interest to the 
systcmatist, as ofhigh importance for us, as being the first step towards such 
slight varieties as are barely thought worth recording in works on natural 
history. And I look at varieties which are in any degree more distinct and 
permanent, as steps leading to more strongly marked and more permanent 
varieties; and at these latter, as leading to sub-species, and to species. The 
passage from one stage of difference to another and higher stage may be, in 
some cases, due merely to the long-continued action of different physical 
conditions in two different regions; but I have not much faith in this view; 
and I attribute the passage of a variety, from a state in which it differs very 
slightly from its parent to one in which it differs more, to the action of 
natural selection in accumulating (as will hereafter be more fully explained) 
differences of structure in certain definite directions. Hence I believe a well
marked variety may be justly called an incipient species; but whether this 

belief be justifiable must be judged of by the general weight of the several 
facts and views given tlu·oughout this work. 

12. It need not be supposed that all varieties or incipient species necessarily 
attain the rank of species. They may whilst in th.is incipient state become 
extinct, or they may endure as varieties for very long periods, as has been 
shown to be the case by Mr Wollaston with the varieties of certain fossil 
land-shells in Madeira. If a variety were to flourish so as to exceed in 
numbers the parent species, it would then rank as the species, and the species 
as the variety; or it might come to supplant and exterminate the parent 
species; or both might co-exist, and both rank as independent species. But we 
shall hereafter have to return to this subject. 

13. From these remarks it will be seen that I look at the term species, as one 
arbitrarily given for the sake of convenience to a set of individuals closely 
resembling each other, and that it does not essentially differ from the term 
variety, which is given to less distinct and more fluctuating fom1s. The term 
variety, again, in comparison with mere individual differences, is also 
applied arbitrarily, and for mere convenience sake. 

14. Guided by theoretical considerations, I thought that some interesting 
results might be obtained in regard to the nature and relations of the species 
which vary most, by tabulating all the varieties in several well-worked floras. 
At first this seemed a simple task; but Mr 1-1. C. Watson, to whom I am much 
indebted for valuable advice and assistance on this subject, soon convinced 
me that there were many difficulties, as did subsequently Dr Hooker, even in 
stronger tem1s. I shall reserve for my future work the discussion of these 
difficulties, and the tables themselves of the proportional numbers of the 
vruying species. Dr Hooker permits me to add, that after having carefully 
read my manuscript, and examined the tables, he thinks that the following 
statements are fairly well established. The whole subject, however, treated as 
it necessarily here is with much brevity, is rather perplexing, and allusions 
cannot be avoided to the 'struggle for existence,' 'divergence of character,' 
and other questions, hereafter to be discussed. 

15. Alph. De Candolle and others have shown that plants which have very 
wide ranges generally present varieties; and this might have been expected, 
as they become exposed to diverse physical conditions, and as they come into 
competition (which, as we shall hereafter see, is a far more important 
circumstance) with different sets of organic beings. But my tables further 
show that, in any limited counlly, the species which are most common, that 
is abound most in individuals, and the species which are most widely , 
diffused within their own c?untiy (and this is a different consider~tion fronY,cv 
wide range, and to a certam extent from corrunom1ess), often g1ve nsc t<l[11.,, 
varieties sufficiently well-marked to have been rccorc.led in botanical works. 



Hence it is the most flourishing, or, as they may be called, the dominant 
species, those which range widely over the world, are the most diffused in 
their own country, and are the most numerous in individuals, which oftenest 
produce well-marked varieties, or, as I consider them, incipient species. And 
this, perhaps, might have been anticipated; for, as varieties, in order to 
become in any degree pe1n1ancnt, necessarily have to struggle with the other 
inhabitants of the country, the species which are already dominant will be the 
most likely to yield offspring which, though in some slight degree modified, 
will still inherit those advantages that enabled their parents to become 
dominant over their compatriots. 

16. If the plants inhabiting a country and described in any Flora be divided 
into two equal masses, all those in the larger genera being placed on one side, 
and all those in the smaller genera on the other side, a somewhat larger 
number of the very common and much diffused or dominant species will be 
found on the side of the larger genera. This, again, might have been 
anticipated; for the mere fact of many species of the same genus inhabiting 
any country, shows that there is something in the organic or inorganic 
conditions of that country favourable to the genus; and, consequently, we 
might have expected to have found in the larger genera, or those including 
many species, a large proportional number ofdominant species. But so many 
causes tend to obscure this result, that I am surprised that my tables show 
even a small majority on the side of the larger genera. I will here allude to 
only two causes of obscurity. Fresh-water and salt-loving plants have 
generally very wide ranges and are much diffused, but this seems to be 
connected with the nature of the stations inhabited by them, and has little or 
no relation to the size of the genera to which the species belong. Again, 
plants low in the scale of organisation are generally much more widely 
diffused than plants higher in the scale; and here again there is no close 
relation to the size of the genera. The cau:;e of lowly-organised plants 
ranging widely will be discussed in our chapter on geographical <listribution. 

17. From looking at species as only strongly-marked and well-defined 
varieties, I was led to anticipate that the species of the larger genera in each 
country would oftener present varieties, than the species of the smaller 
genera; for wherever many closely related species (i.e. species of the same 
genus) have been formed, many varieties or incipient species ought, as a 
general rule, to be now fonning. Where many large trees grow, we expect to 
find saplings. Where many species of a genus have been fonncd through 
variation, circumstances have been favourable for variation; and hence we 
might expect that the circumstances would generally be still favourable to 
variation. On the other hand, if we look at each species as a special act of 
creation, there is no apparent reason why more varieties should occur in a 
group having many species, than in one having few. 

18. To test the truth of this anticipation I have arranged the plants of twelve~ 
countries, and the coleopterous insects of two districts, into two nearly equa~ 
masses, the species of the larger genera on one side, and those of the smaller 
genera on the other side, and it has invariably proved to be the case that a 
larger proportion of the species on the side of the larger genera present 
varieties, than on the side of the smaller genera. Moreover, the species ofthe 
large genera which present any varieties, invariably present a larger average 
number of varieties than do the species of the small genera. Both these 
results follow when another division is made, and when all the smallest 
genera, with from only one to four species, are absolutely excluded from the 
tables. These facts are of plain signification on the view that species are only 
strongly marked and permanent varieties; for whenever many species of the 
same genus have been formed, or where, if we may use the expression, the 
manufactory of species has been active, we ought generally to find the 
manufacto1y still in action, more especially as we have every reason to 
believe the process of manufacturing new species to be a slow one. And this 
certainly is the case, if varieties be looked at as incipient species; for my 
tables clearly show as a general rule that, wherever many species of a genus 
have been fom1ccl, the species of that genus present a number of varieties, 
that is of incipient species, beyond the average. It is not that all large genera 
are now varying much, and are thus increasing in the number of their species, 
or that no small genera are now varying and increasing; for if this had been 
so, it would have been fatal to my theory; inasmuch as geology plainly tells 
us that small genera have in the lapse of time often increased greatly in size; 
and that large genera have often come to their maxima, declined, and 
disappeared. All that we want to show is, that where many species of a genus 
have been formed, on an average many are still fonning; and this holds good. 

19. There are other relations between the species of large genera and their 
recorded varieties which deserve notice. We have seen that there is no 
infallible criterion by which to distinguish species and well-marked varieties; 
and in those cases in which intermediate links have not been found between 
doubtful forms, naturalists are compelled to come to a detennination by the 
amount of difference between them, judging by analogy whether or not the 
amount suffices to raise one or both to the rank of species. Hence the amount 
of difference is one very important criterion in settling whether two forms 
should be ranked as species or varieties. Now Fries has remarked in regard to 
plants, and Westwood in regard to insects, that in large genera the amount of 
difference between the species is often exceedingly small. I have 
endeavoured to test this numerically by averages, and, as far as my imperfect 
results go, they always confirm the view. I have also consulted some 
sagacious and most experienced observers, and, after deliberation, they 
concur in this view. In this respect, therefore, the species of the larger genera 
resemble varieties, more than do the species of the smaller genera. Or the 
case may be put in another way, and it may be said, that in the larger genera, 



in which a number of varieties or incipient species greater than the average 
are now manufacturing, many of the species already manufactured still to a 
certain extent resemble varieties, for they differ from each other by a less 
than usual amount of difference. 

20. Moreover, the species of the large genera arc related to each other, in the 
same manner as the varieties of any one species are related to each other. No 
naturalist prclen<ls that all the species of a genus are equally distinct from 
each other; they may generally be divided into sub-genera, or sections, or 
lesser groups. As Fries has well remarked, little groups of species are 
generally clustered like satellites around certain other species. And what are 
varieties but groups of fonns, unequally related to each other, and clustered 
round certain fonns that is, round their parent-species? Undoubtedly there is 
one most important point of difference between varieties and species; 
namely, that the amount of difference between varieties, when compared 
with each other or with their parent-species, is much less than that between 
the species of the same genus. But when we come to discuss the principle, as 
I call it, of Divergence ofCharacter, we shall see how this may be explained, 
and how the lesser differences between varieties will tend to increase into the 
greater difterences between species. 

21. There is one other point which seems to me worth notice. Varieties 
generally have much restricted ranges: this statement is indeed scarcely more 
than a truism, for if a variety were found to have a wider range than that of 
its supposed parent-species, their denominations ought to be reversed. Dut 
there is also reason to believe, that those species which are very closely allied 
to other species, and in so far resemble varieties, often have much restricted 
ranges. For instance, Mr H. C. Watson has marked for me in the well-sifted 
London Catalogue of plants ( 4th edition) 63 plants which arc therein ranked 
as species, but which he considers as so closely allied to other species as to 
be of doubtful value: these 63 reputed species range on an average over 6.9 
of the provinces into which Mr Walson has divided Great Britain. Now, in 
this same catalogue, 53 acknowledged varieties are recorded, and these range 
over 7.7 provinces; whereas, the species to which these varielies belong 
range over 14.3 provinces. So that the acknowledged varieties have very 
nearly the same restricted average range, as have those very closely allied 
forms, marked for me by Mr Watson as doubtfol species, but which are 
almost universally ranked by British botanists as good and true species. 

22. Finally, then, varieties have the same general characters as species, for 
they ca1rnot be distinguished from species, except, firstly, by the discovery of 
intem1ediate linking forms, and the occurrence of such links cannot affect the 
actual characters of the forms which they connect; and except, secondly, by a 
certain amount of difference, for two forms, if differing very little, are 
generally rmik.ed as varieties, notwithstanding that intermediate liJ.ik.ing fonns 

have not been discovered; but the amount of difference considered necessary 
to give to two forms the rank of species is quite indefinite. In genera having 
more than the average number of species in any country, the species of these 
genera have more than the average number of varieties. In large genera the 
species are apt to be closely, but unequally, allied together, fonning little 
clusters round certain species. Species very closely allied to other species 
apparently have restricted ranges. In all these several respects the species of 
large genera present a strong analogy with varieties. And we can clearly 
understand these analogies, if species have once existed as varieties, and 
have thus originated: whereas, these analogies are utterly inexplicable if each 
species has been independently created. 

23. We have, also, seen that it is the most flourishing and dominant species 
of the larger genera which on an average vary most; and varieties, as we shall 
hereafter see, tend to become converted into new and distinct species. The 
larger genera thus tend to become larger; and throughout nature the fom1s of 
life which are now dominant tend to become still more dominant by leaving 
many modified and dominant descendants. But by steps hereafter to be 
explained, the larger genera also tend to break up inlo smaller genera. And 
thus, the forms of life tlu·oughout the w1iverse become divided into groups 
subordinate to groups. 

24. Before entering on the subject of this chapter, I must make a few 
preliminary remarks, to show how the struggle for existence bears on Natural 
Selection. It has been seen in the last chapter that amongst organic beings in 
a state of nature there is some individual variability; indeed I am not aware 
that this has ever been disputed. It is inmmlerial for us whether a multitude of 
doubtful forms be called species or sub-species or varieties; what rank, for 
instance, the two or tlu·ee hundred doubtful forms of British plants arc 
entitled to hold, if the existence of any well-marked varieties be admitted. 
But the mere existence of individual variability and ofsome few well-marked 
varieties, though necessa1y as the foundation for tl1c work, helps us but little 
in understanding how species arise in nature. How have all those exquisite 
adaptations of one part of the organisation to another part, and to the 
conditions of life, and of one distinct organic being to another being, been 
perfected? We see these beautiful co-adaptations most plainly in the 
woodpecker and missletoe; and only a little less plainly in the humblest 
parasite which clings to the hairs of a quadruped or feathers of a bird; in ths,;: J\ 
structure of the beetle which dives through the water; in the plumed see~ 
which is wafted by the gentlest breeze; in short, we see beautiful adaptations 
everywhere and in every part of the organic world. 



25. Again, it may be asked, how is it that varieties, which I have called 
incipient species, become ultimately converted into good and distinct species, 
which in most cases obviously differ from each other far more than do the 
varieties of the same species? How do those groups of species, which 
constitute what are called distinct genera, and which differ from each other 
more than do the species of the same genus, arise? All these results, as we 
shall more fully see in the next chapter, follow inevitably from the struggle 
for life. Owing to this struggle for life, any variation, however slight and 
from whatever cause proceeding, if it be in any degree profitable to an 
individual of any species, in its infinitely complex relations to other organic 
beings and to external nature, will tend to the preservation of that individual, 
and will generally be inherited by its offspring. The offspring, also, will thus 
have a better chance of surviving, for, of the many individuals ofany species 
which are periodically born, but a small number can survive. I have called 
this principle, by which each slight variation, if useful, is preserved, by the 
tem1 of Natural Selection, in order to mark its relation to man's power of 
selection. We have seen that man by selection can certainly produce great 
results, and can adapt organic beings to his own uses, through the 
accumulation of slight but useful variations, given Lo him by the hand of 
Nature. But Natural Selection, as we shall hereafter see, is a power 
incessantly ready for action, and is as immeasurably superior to man's feeble 
efforts, as the works ofNature are to those ofArt. 

26. We will now discuss in a little more detail the struggle for existence. In 
my future work this subject shall be treated, as it well deserves, at much 
greater length. The elder De Candolle and Lyell have largely and 
philosophically shown that all organic beings are exposed lo severe 
competition. In regard to plants, no one has treated this subject with more 
spirit and ability than W. Herbert, Dean of Manchester, evidently the result 
of his great ho1ticultural knowledge. Nothing is easier than to admit in words 
the truth of the wliversal struggle for life, or more difficult at least I have 
fow1d it so than constantly to bear this conclusion in mind. Yet unless it be 
thoroughly engrained in the mind, I am convinced that the whole economy of 
nature, with every fact on distribution, rarity, abundance, extinction, and 
variation, will be dimly seen or quite misunderstood. We behold the face of 
nature b1;ght with gladness, we often see superabundance of food; we do not 
see, or we forget, that the birds which are idly singing round us mostly live 
on insects or seeds, and are thus constantly destroying life; or we forget how 
largely these songsters, or their eggs, or their nestlings are destroyed by birds 
and beasts of prey; we do not always bear in mind, that though food may be 
now superabundant, it is not so at all seasons ofeach recurring year. 

27. I should premise that I use the Lenn Struggle for Existence in a large and 
metaphorical sense, including dependence of one being on another, and 
including (which is more important) not only the life of the individual, but 

success in leaving progeny. Two canine animals in a time of dearth, may be 
truly said to struggle with each other which shall get food and live. But a _ 
plant on the edge of a dese1t is said to struggle for life against the drough~ 
though more properly it should be said to be dependent on the moisture. A 
plant wllich ammally produces a thousand seeds, ofwhich on an average only 
one comes to maturity, may be more truly said to struggle with the plants of 
the same and other kinds which already clothe the ground. The rnissletoe is 
dependent on the apple and a few other trees, but can only in a far-fetched 
sense be said to struggle with these trees, for if too many of these parasites 
grow on the same tree, it will languish and die. But several seedling 
missletoes, growing close together on the same branch, may more truly be 
said to struggle with each other. As the missletoe is disseminated by birds, its 
existence depends on birds; and it may metaphorically be said to struggle 
with other fruit-bearing plants, in order to tempt birds to devour and thus 
disseminate its seeds rather than those ofother plants. In these several senses, 
which pass into each other, I use for convenience sake the general term of 
struggle for existence. 

28. A struggle for existence inevitably follows from the high rate at which all 
organic beings tend to increase. Every being, which during its natural 
lifetime produces several eggs or seeds, must suffer destruction during some 
period of its life, and during some season or occasional year, otherwise, on 
the principle of geometrical increase, its numbers would quickly become so 
inordinately great that no country could support the product. Hence, as more 
individuals are produced than can possibly survive, there must in every case 
be a struggle for existence, either one individual with another of the same 
species, or with the individuals of distinct species, or with the physical 
conditions of life. It is the doctrine ofMalthus applied with manifold force to 
the whole animal and vegetable kingdoms; for in this case there can be no 
mtificial increase of food, and no prudential restraint from marriage. 
Although some species may be now increasing, more or less rapidly, in 
nwnbers, all cannot do so, for the world would not hold them. 

29. There is no exception to the rule that every organic being naturally 
increases at so lligh a rate, that if not destroyed, the earth would soon be 
covered by the progeny of a single pair. Even slow-breeding man has 
doubled in twenty-five years, and at this rate, in a few thousand years, there 
would literally not be standing room for his progeny. Linnaeus has calculated 
that if an ammal plant produced only two seeds and there is no plant so 
unproductive as this and their seedlings next year produced two, and so on, 
then in twenty years there would be a million plants. The elephant is 
reckoned to be the slowest breeder of all known animals, and I have taken 
some pains to estimate its probable mi11imum rate of natural increase: it will 
be under the mark Lo assume that it breeds when thirty years old, and goes on 
breeding till ninety years old, bringing forth three pairs of young in tllis 



interval; if this be so, at the end of the fifth century there would be alive 
fifteen m.illion elephants, descended from the first pair. 

30. But we have better evidence on th.is subject than mere theoretical 
calculations, namely, the numerous recorded cases of the astonishingly rapid 
increase of various animals in a state of nature, when circumstances have 
been favourable to them during two or three following seasons. Still more 
striking is the evidence from our domestic animals ofmany kinds which have 
run wild in several parts of the world: if the statements of the rate of increase 
of slow-breeding cattle and horses in South America, and latterly in 
Australia, had not been well authenticated, they would have been quite 
incredible. So it is with plants: cases could be given of introduced plants 
which have become common throughout whole islands in a period of less 
than ten years, Several of the plants now most numerous over the wide plains 
of La Plata, clothing square leagues of swface almost to the exclusion of all 
other plants, have been introduced from Europe; and there are plants which 
now range in India, as I hear from Dr Falconer, from Cape Comorin to the 
Himalaya, which have been imported from America since its discovery. In 
such cases, and endless instances could be given, no one supposes that the 
fertility of these animals or plants has been suddenly and temporarily 
increased in any sensible degree. The obvious explanation is that the 
conditions of life have been very favourable, and that there has consequently 
been less destruction of the old and young, and that nearly all the young have 
been enabled to breed. In such cases the geometiical ratio of increase, the 
result of which never fails to be surprising, simply explains the 
extraordinmily rapid increase and wide diffusion of naturalised productions 
in their new homes. 

31. Tn a state of nature almost every plant produces seed, and amongst 
animals there are very few which do not annually pair. Hence we may 
confidently assert, that all plants and animals are tending to increase at a 
geometrical ratio, that all would most rapidly stock every station in which 
they could any how exist, and that the geometrical tendency to increase must 
be checked by destruction at some period of life. Our familiarity with the 
larger domestic animals tends, I think, to mislead us: we see no great 
destruction falling on them, and we forget that thousands arc annually 
slaughtered for food, and that in a state of nature an equal number would 
have somehow to be disposed of. 

32. The only difference between organisms which annually produce eggs or 
seeds by the thousand, and those which produce extremely few, is, that the 
slow-breeders would require a few more years to people, under favourable 
conditions, a whole district, let it be ever so large. The condor lays a couple 
of eggs and the ostrich a score, and yet in the same country the condor may 
be the more numerous of the two: the Fulmar petrel lays but one egg, yet it is 

believed to be the most numerous bird in the world. One fly deposits 
hundreds of eggs, and another, like the h.ippobosca, a single one; but this 
difference docs not determine how many individuals of the two species can 
be supported in a district. A large number of eggs is of some importance to 
those species, which depend on a rapidly fluctuating amount of food, for it 
allows them rapidly to increase in number. But the real importance of a large 
number of eggs or seeds is to make up for much destruction at some period 
of life; and this period in the great majority of cases is an early one. If an 
animal can in any way protect its own eggs or young, a small number may be 
produced, and yet the average stock be fully kept up; but if many eggs or 
young are destroyed, many must be produced, or the species will become 
extinct. It would suffice to keep up the full number of a tree, which lived on 
an average for a thousand years, if a single seed were produced once in a 
thousand years, supposing that th.is seed were never destroyed, and could be 
ensured to germinate in a fitting place. So that in all cases, the average 
number of any animal or plant depends only indirectly on the number of its 
eggs or seeds. 

33. In looking at Nature, it is most necessa1y to keep the foregoing 
considerations always in mind never to forget that every single organic being 
around us may be said to be striving to the utmost to increase in numbers; 
that each lives by a struggle at some period of its life; tbat heavy destruction 
inevitably falls either on the young or old, during each generation or at 
recurrent intervals. Lighten any check, mitigate the destruction ever so little, 
and the number of the species will almost instantaneously increase to any 
amount. The face of Nature may be compared to a yielding surface, with ten 
thousand sharp wedges packed close together and driven inwards by 
incessant blows, sometimes one wedge being struck, and then another with 
greater force. 

34. What checks the natural tendency of each species to increase in number 
is most obscure. Look at the most vigorous species; by as much as it swarms 
in nw11bers, by so much will its tendency to increase be still further 
increased. We know not exactly what the checks arc in even one single 
instance. Nor will this surprise any one who reflects how ignorant we are on 
this head, even in regard to mankind, so incomparably better known than any 
other animal. This subject has been ably treated by several authors, and 1 
shall, in my future work, discuss some of the checks at considerable length, 
more especially in regard to the feral animals of South America. Here I will 
make only a few remarks, just to recall to the reader's mind some of the chief 
points. Eggs or ve1y young animals seem generally to suffer most, but this is 
not invariably the case. With plants there is a vast destruction of seeds, hut, 
from some observations which I have made, I believe that it is the seedling~ 
which suffer most from gemrinating in ground already thickly stocked with 
other plants. Seedlings, also, are destroyed in vast numbers by various 



enemies; for instance, on a piece of ground three feet long and two wide, dug 
and cleared, and where there could be no choiring from other plants, I marked 
all the seedlings of our native weeds as they came up, and out of the 357 no 
less than 295 were destroyed, chiefly by slugs and insects. If turf which has 
long been mown, and the case would be the same with turf closely browsed 
by quadrupeds, be let to grow, the more vigorous plants gradually kill the 
less vigorous, though fully grown, plants: thus out of twenty species growing 
on a little plot of turf (three feet by four) nine species perished from the other 
species being allowed to grow up freely. 

35. The amount of food for each species of course gives the extreme limit to 
which each can increase; but very frequently it is not the obtaining food, but 
the serving as prey to other animals, which determines the average numbers 
of a species. Thus, there seems to be little doubt that the stock of partridges, 
grouse, and hcu-es on any large estate depends chiefly on the destruction of 
vermin. If not one head of game were shot during the next twenty years in 
England, and, at the same time, if no vennin were destroyed, there would, in 
all probability, be less game than at present, although hundreds of thousands 
of game animals arc now annually killed. On the other hand, in some cases, 
as with the elephant and rhinoceros, none are destroyed by beasts of prey: 
even the tiger in India most rarely dares to attack a yow1g elephant protected 
by its dam. 

36. Climate plays an important pa1t in determining the average numbers of a 
species, and periodical seasons of extreme cold or drought, I believe to be the 
most effective ofall checks. I estimated that the winter of 1854-55 destroyed 
four-fifths of the birds in my own grounds; and this is a tremendous 
destruction, when we remember that ten per cent. is an extraordinarily severe 
mortality from epidemics with man. The action of climate seems at first sight 
to be quite independent of the struggle for existence; but in so far as climate 
chiefly acts in reducing food, it brings on the most severe struggle between 
the individuals, whether of the same or of distinct species, which subsist on 
the same kind of food. Even when climate, for instance extreme cold, acts 
directly, it will be the least vigorous, or those which have got least food 
through the advancing winter, which will suffer most. When we travel from 
south to 1101th, or from a damp region to a dry, we invariably see some 
species gradually getting rarer and rarer, and finally disappearing; and the 
change of climate being conspicuous, we are tempted to attribute the whole 
effect to its direct action. But this is a very false view: we forget that each 
species, even where it most abounds, is constantly suffering enom10us 
destruction at some period of its life, from enemies or from competitors for 
the same place and food; and if these enemies or competitors be in the least 
degree favoured by any slight change of climate, they will increase in 
numbers, and, as each area is already fully stocked with inhabitants, the other 
species will decrease. When we travel southward and see a species 

decreasing in numbers, we may feel sure that the cause lies quite as much in 
other species being favoured, as in this one being hurt. So it is when we 
travel northward, but in a somewhat lesser degree, for the number of specie€) 
of all kinds, and therefore of competitors, decreases northwards; hence in 
going northward, or in ascending a mountain, we far oftener meet with 
stunted forms, due to the directly injurious action of climate, than we do in 
proceeding southwards or in descending a mountain. When we reach the 
Arctic regions, or snow-capped swnmits, or absolute deserts, tl1e strnggle for 
life is almost exclusively with the elements. 

37. That climate acts in main part indirectly by favouring other species, we 
may clearly see in the prodigious number of plants in our gardens which can 
perfectly well endure our climate, but which never become naturalised, for 
they cannot compete with our native plants, nor resist destmction by our 
native animals. 

38. When a species, owing to highly favourable circumstances, increases 
inordinately in numbers in a small tract, epidemics at least, this seems 
generally to occur with our game animals often ensue: and here we have a 
limiting check independent of the strnggle for life. But even some of these 
so-called epidemics appear to be due to parasitic worms, which have from 
some cause, possibly in pa1t through facility of diffusion amongst the 
crowded animals, been disproportionably favoured: and here comes in a sort 
ofstruggle between the parasite and its prey. 

39. On the other hand, in many cases, a large stock of individuals of the same 
species, relatively to the nwnbers of its enemies, is absolutely necessary for 
its preservation. Thus we can easily raise plenty of corn and rape-seed, &c., 
in our fields, because the seeds are in great excess compared with the number 
of birds which feed on them; nor can the birds, though having a 
superabundance of food at this one season, increase in number proportionally 
to the supply of seed, as tl1eir numbers are checked during winter: but any 
one who has tried, knows how troublesome it is to get seed from a few wheat 
or other such plants in a garden; I have in this case lost every single seed. 
This view of the necessity of a large stock of the same species for its 
preservation, explains, I believe, some singular facts in nature, such as that of 
very rare plants being sometimes extremely abundant in the few spots where 
they do occur; and that of some social plants being social, that is, abounding 
in individuals, even on the extreme confines of their range. For in such cases, 
we may believe, tl1at a plant could exist only where the conditions of its life 
were so favourable that many could exist together, and thus save each other 
from utter destruction. I should add that the good effects of frequent 
intercrossing, and the ill effects of close interbreeding, probably come into 
play in some of tbese cases; but on this intricate subject I will not here 
enlarge. 



40. Many cases are on record showing how complex and w1expected are the 
checks and relations between organic beings, which have to struggle together 
in the same country. I will give only a single instance, which, though a 
simple one, has interested me. In Staffordshire, on the estate of a relation 
where I bad ample means of investigation, there was a large and extremely 
barren heath, which had never been touched by the hand ofman; but several 
hundred acres of exactly the same natw-e had been enclosed twenty-five 
years previously and planted with Scolch fir. The change in the native 
vegetation of the planted part of the heath was most remarkable, more than is 
generally seen in passing from one quite different soil lo another: not only 
the propotiional numbers of the heath-plants were wholly changed, but 
twelve species of plants (not counting grasses and carices) flourished in the 
plantations, which could not be found on the heath. The effect on the insects 
must have been still greater, for six insectivorous birds were very common in 
the plantations, which were not to be seen on the heath; and the healh was 
frequented by lwo or three distinct insectivorous birds. Here we see how 
potent has been the effect of the introduction of a single tree, nothing 
whatever else having been clone, with the exception that the land had been 
enclosed, so that cattle could not enter. But how imp01tant an clement 
enclosure is, I plainly saw near Farnham, in Surrey. Here there are extensive 
heaths, wilh a few clumps of old Scotch firs on the distant hill-tops: within 
the last ten years large spaces have been enclosed, and self-sown firs are now 
springing up in multitudes, so close together that all cannot live. When I 
ascertained that these young trees had not been sown or planted, I was so 
much surprised at their nnn1bers that I went to several points ofview, whence 
I could examine hw1clreds of acres of the unenclosed heath, and literally I 
could not see a single Scotch fir, except the old planted clumps. But on 
looking closely between the slems of the heath, I fow1d a multitude of 
seedlings and little trees, which had been perpetually browsed down by the 
cattle. In one square yard, at a point some hundreds yards distant from one of 
the old clumps, I counted thirty-two little trees; and one of them, judging 
from the rings of growth, had during twenty-six years tried to raise its head 
above lhe slems of the heath, and had failed. No wonder that, as soon as the 
land was enclosed, it became thickly clothed witl1 vigorously growing young 
firs. Yet the heath was so extremely barren and so extensive that no one 
would ever have imagined that cattle would have so closely and eflectually 
searched it for food. 

44. Herc we see that cattle absolutely determine the existence of the Scotch 
fir; but in several parts of tl1e world insects determine tl1e existence of cattle. 
Perhaps Paraguay offers the most curious instance of this; for here neither 
cattle nor horses nor dogs have ever run wild, though they swarm southward 
and northward in a feral state; and Azara and Rengger have shown that this is 
caused by the greater number in Paraguay of a certain fly, which lays its eggs 
in the navels of these animals when first born. The increase of these flies, 

numerous as they are, must be habitually checked by some means, probably 
by birds. Hence, if certain insectivorous birds (whose numbers are probably 
regulated by hawks or beasts of prey) were to increase in Paraguay, the fJies 
would decrease then cattle and horses would become feral, anJ lhis would 
certainly greatly alter (as indeed I have observed in parts of South America) 
the vegetation: this again would largely affect the insects; and this, as we just 
have seen in Staffordshire, the insectivorous birds, and so onwards in ever
increasing circles of complexity. We began tl1is series by insectivorous birds, 
and we have ended with them. Not that in nature the relations can ever be as 
simple as this. Batlle within battle must ever be recmring with varying 
success; and yet in the long-nm the forces are so nicely balanced, that the 
face ofnature remains unifonu for long periods of time, though assuredly the 
merest trifle would often give the victory to one organic being over another. 
Nevertheless so profound is our ignorance, and so high our presumption, that 
we marvel when we hear of the extinction ofan organic being; and as we do 
not see the cause, we invoke cataclysms to desolate the world, or invent laws 
on the duration of the forms oflife! 

45. I am tempted to give one more instance showing how plants and animals, 
mosl remote in the scale of nature, are bound together by a web of complex 
relations. I shall hereafter have occasion to show that the exotic Lobelia 
fulgens, in this part of England, is never visited by insecls, and consequently, 
from its peculiar structme, never can set a seed. Many of our orchidaceous 
plants absolutely require the visits of moths to remove their pollen-masses 
and thus to fertilise them. I have, also, reason to believe that humble-bees are 
indispensable to the fe1tilisation of the heartseasc (Viola tricolor), for other 
bees do not visit this flower. From experiments which I have tried, I have 
found that the visits of bees, if not indispensable, are at least highly 
beneficial to the fertilisation of our clovers; but humble-bees alone visit the 
common red clover (Trifolium pratense), as other bees cannot reach the 
nectar. Hence I have very little doubt, that if lhe whole genus of humble-bees 
became extinct or vety rare in England, the heaiisease and red clover would 
become very rare, or wholly disappear. The number of humble-bees in any 
district depends in a great degree on the number of field-mice, which destroy 
their combs and nests; and Mr H. Newman, who has long attended to the 
habits of humble-bees, believes that 'more than two thirds of them are thus 
destroyed all over England.' Now the number ofmice is largely dependent, as 
every one knows, on the number of cats; and Mr Newman says, 'Near 
villages and small towns I have found the nests of humble-bees more 
numerous than elsewhere, which Tattribute to the number of cats that destroy 
the mice.' Hence it is quite credible that lhe presence of a feline animal in 
large numbers in a district might determine, through the intervention first of 
mice and then of bees, the frequency ofcertain flowers in that district! 
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