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Evolution and speciation undCr conditions of type r and
K selection on tlre exampte of the insect - host plant §yst€lT!

Plants grotttlng in forests nay be classlfled to two 8roups" To

the first belong plants dlfftcult to f'rld on account of thelr
inconspicuou§ appearance as for instance herbaceous plants" Plants
of the second, group are wel1 ngtlceable and easy to flnd9 for
i.nstance trees and shrubs /Feeny'|975/. Herbaceous plants, because

of thetr short llfe perlod, are unable to Eeet the netabglic costs
coru:ecteC with the productlon of defence substances 1n htgh,
concentratlons. They defend thenselves fron attacks of lnsects by

Praducrng nunerous substances acting toxically l,n low concentra_

tlons. suelr defenee ls referred to as nqualttatlven and is easy
to overco6e. Brassicaceae for l_nstance defend thenselves by proćluc-

ing glucosinolates ln concentratlons of O"O2-1.00 per cent of dry
reĘht "

llrees arrd sbrubs are characterized by. nguarrtltatlven defencóo

that ls they produce one or tvo couporrrrds acttn8 ln hlgh
concentrations. §uch defence ls difflcult to overcoBe. The oak

for lnstance defends ttself by produclng tarmlns whlch reduce
the accessibtltty of nitrogen by fornlng lndlgestlble couplexes
wlth the 1eaf proteins. Tanni:rs are presertt ln concer*ratlon§ of
2-1O per cent of dqy welght Feeny 19?6/ "

Insegts feedlng on epheneral plants becone readlly adapted
to thetr toxlns and gradually extend the range of host plants
beconlnA pol1phages. In§ects feedlng on peretrnlal plants cannot
easily become adapted to tbe toxtnŚ co!$alned !.rr the bost plint,
therefore, thelr preferred stretegy of feedlng 1s uonophagy.

Ęhemerai plants produce new toxlc substartces as defence
agalnst the attack of !-nsects and soroe /otrler plants/ lncreage
tbe concentratlon of earller produced ones. A 1arge anorrrt of toxlc
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cornpounds requlres'a large energy e:rpending by the pol]ryhage. When

there is a Rreat dlverslty of toxin§, the insects are obliged to
restrlct the nunber of host plants9 thus, dlverstfied vrays of defence
of the pattr.cular plant specles lead to a speciallsation of insects
tn feedtng

Very hlgh eoncertrations of quantltatlve]-y actlng co,npounds
require fron the uonophage too hlgh an energy expenditure. Then
a change of the ho§t plant l-s beneftcial" !hus, the defence
Clvergence of plants leads to the e)ctenslon of the ranAe of ho§ts
by l,nsects /Rhoades, Cates 1976l. These relations are shown in
Figure 't. In genera1" speciatrisatlon nakes the insect depen<lent
on the given plant, but tt reduceŚ conpetition and the metabolic
costs of detoxicatlon of noxious corporrnds /taute 1/. Monophagy
ls a rewardtng strategy as long as the probabIllty of nistake ln
ffudrrĘ a host l,s not large.

!A3LE 1. Llst of advantages resultlng fron vari-ous feedi.ng
stretegies of l,nseets

Paranetres Feedlng strategy
general speclal!sed

Nlche
Reproductton
Feedlnc

Advantages

broad
lndependent on, host
rlde nutritlonal spectnro

lncreaged probablltty
of surylval tn §plte of
changes in envl,ronmerrt ;
independence onihost
populat ion

narrow
dependert on host
ltntted to deftńtte
ho§t
reduced netabollc
costs of defence;
reduction of lnter-
speclflc conpetition;
preservat i-on of
pol1norpbisn

Polyphagee and oonophages cttoo§e thelr boet plant dl,ifereatly.
tbe latter are dependent on only one plant and are oblrgeó to feed,,,
on it, notwlthstandlng the toxlc coupound,s contalned tn lt. They
nalnJ.y choose the plant on tbe basis of pre§ence of positive
evoklng chemloa1 stlnull, especlally phagostltrularrts of feeding
/sugars, nltrogen conpoundb/. Polyphages can feed on narty plants.
Thelr selectlvlty ts 1orr" Sensory discrininatlon of the accepted
plants is relatlvely llttle speelalleed. The chotce ls determined b1,
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tbe ],ack of negatlve evoklng chenical stlnult /of secondary
coupounds/" Posltlve'and negatlve chen!.ca1 stinult are 1isted
ln Table 2.

TABLE 2" Classlflcation.of stfinull evoklng various_ reactions
conrrected wtttr feedlng /atter Beck 1965, ńodlfied/

Evoktng chenica.'_ stinulus Reaction
cbaracter kind t]Pe ctlaracter

positlve attractarrt
lolfactory/

preference
acceptance

acceptance

acceptance

accePta]tce

localisat ion
of host pJ-ant
and settling
on lt
staylng on
plar$
startlng of
feedtng
corrt lnuou§
feeding

arrestarrt
/oltactora/
phagolncltart
lolfact,oryl
phagosttnulant
/taste, nostly
nutrierrt
substarrces/

Negatlve repellerrt _ no preference
Iol.tactot"yl
repellerrt
loifactotv|
antlftdarrt _
phagosĘprqssant
laLfactoryl

arrtllfldarrt -
pbagodeterrerrt
./taste, usual'l y
secondarry
coupoundś/

no acceŃarrce

as ebo\re

a§ above

avoldence of
pJ-ant
fl!.ght fron
plent surface
flĘĘt fron
plant surface
or, rernainirrg
tbere wlt|tout
feedlng
cessatlon of
feedtng"

lhe cholce of food by tbe pest is probably not based on lts
dlsttrĘulshltĘ several baslc chenlca1 substanceg which stlnulate
speclflc receptor,i' bub !t ls rather a number of Jofurtly acttng
coryouds that nalce a couplex actlvlty pattern tn the chenoreceptorŚ
lieruy 1976l "

Phytopha§otls lrrsegts llnked rlth iephenerr] n plarrts rhlch defend
thenselveg §qualltetlvelyi belolrg to speeies tmdergolrrg selectlon
of t3pe r" Insects llrfie! rith ngpparertti plaats uslrlg BquarŃltatlvet
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defence belor€ to spectes ln whlch selectton.ta|es place

;;;; * l*"o*nr-rł ]fl],son 1967l, T,he tralts of specles

selectlon of r and K tytrle are sholą tnTable 3,

l9l

accordirĘ
undergolrĘ

randK
IABLE 5.- Charaeter§ of speeles underAolng selectlon_:r twe

seróetrgn of typeparanetres

Envlronment

Occurrence at §ta8ę of,
óóóióercar successlon

Occurrence fr€quency

Distrlbrrtlon
Adaptation to t3rpes of
environmerŃ

Ho3t plant§

Va}ue of, oaxlnal Erowttl
rate r
Reproduct lon

Body slze

Reproduction

FertlLlty
MoblLtty

Way of feedlng

Developuerrt

T14le of specles

unstablllsed
tnttla].

rrnfrequent

vlde

sepheneralr
d.efendlnf,
thenselvesroualitat lvelyr

. hlsh

early
sna].1

slngle
htAh

hlgtt

pol1phagle

rapld

e,JrjŃolrlc

not nany co[lnon
speclrł,s

st,ab1].tsed

f tnal

frequent

Btrlctly ]-ocal
.

one

hpred,lctablen
defendln8
.thenselves
fi quant lt at lvelYfi

}orr

late
1arAe

repeated

lorr

1otl

trophlc specla-
1lsatlon
slow

stenobopic

nanv rare specles
chaiacterlsed by
capablllty of
tnÓlvldual defence,
conpetltlon and
slrnblosls
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' Insect spectes undergo!,ng selection of r tyTć are active ln an
unstab].e env!.ronrnents9 and those the selecti,on of which occurs
accordlng to t]ape K in a stablllsed environnerrts. Sonetlmes species
may be found exhlbitlng adaptive selectlon both of tlrye r and K.
The tralts resultlng frorn selectlon of both these tlryes are extremes
of a continuo,Js spectrum of trait charrges cornected with ecological
succession, agelng of plarrt a§soclati,on§ and transltion fron a
variable to balarrced clfunate /Plathews '|976/.

Errolutlon and spec!.ation have a different course in environments
ln whl-ch selectlon has a different courae accordlng to type r or
accordlng to t]rpe K. §pectatlon, that ls fornati,on of specles,
sentspecles, ho§t races, bl-otlpes and other systenatlc unlts 1s
a strabegy of adalrtation of anlnals to a nonuniforrn envlronment.
!hus, speclatlon ls a strategy of adaptatlon

For the occurren§e of specl,atlon a fornatlon óf barriers of
gene flw l,s necessary between the for"ulne specl,es. Natural
selectton colrtrols the rate of speciatton by contro1].ing the range
of gene flott betveen populattons" lhe more strictly ts the populatlon
adapted to the local cond,it1,ons the l,ess successful are lts
lndlvtduals tn neĘhbourinfi reglons, that is envl,rormentg of other
populati,ons" Thus" selection courteract§ 8ene flą.ł. Under conditions
of htsh stabtllty this process l,s self-accelerating arrd 1eads to
a hiEh llnttatton of nobtltty. Sgeciation ls, therefore rnost rapld
under stable condltlonsl that is trnóer eondltlons specific for t}pe
K selectlon /Irlathews 1976/.

Thus when eeleetlon occur§ accordlng to type K, speciati,on is
qutcke, but lt d,oes.not nearr that evolutlon also runs faster slnce
these tiro terus have cmpletely different ,neanings. E\łolution is
assoclated wlth wide genetl,c ehanges" Speciation nay.oecur when
these changes are nininal, but wl,de geaetic changes aay take place
without speciation. For instance Aenetic difference§ betyeen hogt
races ln aphlds are nl-nirnal and, concern only the key 1ocl connected
wlth host flndlng that ts codtng the couplex pattern of actlvlty
tn the receptors.

The phenonenon of transltion- of species fron tJĘe r to type K
selection occurg ln aphlds. The deqlslve way of trarsltion from one
t]Ęe to the other ts speclatlon by specl-alisatlorr ln feeding and
foroati,on of new host raceg and btotypes. It ls a frequefi event
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tn aphtd,s /SzelęgiewLez 19?6/ " Ni.rtrltXonal speclflclty agts at
' early §tage§ of speelatlon as at1 trgolattnR nlchanlsu. The elg-

niflcanee of, nutrltlonal speclflty conśl,sts ln the nalntenance of
a high variablltty end ttrereby a hlgh evolutlonal po,tentle]. since
every polyphagous specles consl§tg of nuBerou§ slmpatrlc and partly
i,solated populations wlth varlous tlrłtrttlonal selectlvtty" Tn tbese
populatlons the cooplete ranee of lnltlal varlablllty of the
species is preservećl, and at the Balne tlne each of then ls capable 

,_

of feedtng on a different host" lhe varlablltty ranne beconeg
narrov,rer when the changes occurrlng tn the gend 1ocl /codln* cttotce
of a new host plant/ becone lr:reverslble, because then such
population§, as the result of speclal.lsatlon, 1ose part of the
initta1 varlablllty of the specles.

The process of genetlc dlsmenbernent of the populatlon ls
self-accelerating l.:f tbe c§rtdtrti,ons remaln uncbansed. tn thls way

the speclesr,und,er stable corrdltlotts nay dlslntegrate to nuueroug
host breed§ and blotypeg. ]t Eay, therefore, be stated tbat the
speglflc aspectś of bionony of aphtds preclestinate these lnsects
to the fornation of host races and blot]rpes" Probably the aphld
popuilatlon on a Elven slte ls a uiriure of blotypes changlng lts
coryosltton:frm vear to rgr /§zelęg;tełlcz 19?6l. A charr*e of
environnental cond!.tlą:s cau§ea cŁanAee ln the nunerlc proportlon
of abundance of, the pantlcular bl§t3rpes, and the bXotype best
adapted to the extstlng condltlons etteln§ tbe largest stze"

The basię f,actors exer+r.n8 an lnf,iluence on speclatlon are
therefore, the range of var!,ablllty of cbaractera ln lnsegts and
the deAree of staballty of ttre envl,ronnent" A coĘlęx systen aśi

for instance an eco§ysteu ereuains 1n a state of contlnuous d3mantc
equtXtbrlłła. fhe dur&lli.ty of the state of equl1lbrlun ls descrlbed
by the term stablllty. Any systen ls the nore stable the nore lt
has paranetres arrd the lgss varlables" Paranetres are peruanent
characters or slwJ-y 6fuan8irĘ ones. Ę varlables are Deent rapldly
occurrirlg changes. Ehe stab.Llity of fore§t eco§y§teng is ensured'
by th€ ualntenarlce.of, the ran€e of vartabll tty at a deflnlte
po§sib]-y stable leve]-. lhe fąctors affecttng .thls genetlc varlabllltt
level &d protectfug varlabt!-r.ty are §hwa ln Table 4 /rbyt 19?l:/"

Tt t*as beęm found that t}rere exlsts a developnerrtal stabtllty
rhlch nakes posslble survlvel gf, a favoured phenot5rpe, ln eplte of ,



l. MlOą Ił rźcc]Da

TABLE 4. Factors lrrfiuencln6 the genetlc variablllty leve1 /after'r,,rl"ńrgżą,-ńóóńr.o7 l

Factors
Increaslng vartabtllty
Mutation§
Gene flor
Reconblnat t ons

dlntnlshtne variab lL lty
natura1 selectlon
randon and acelderrtal events

Prot ect lng vartablllty
Cń ophysiological nechanlsns
ii :iher adaptablllty of
heterozyRotes

preverńlon of free reconblngtion

eco]-ogical fagtors
opponent selectlve presgurea
chanEe of selectlve pressure
and ot selection dlreetlon
lb ttne
nosaic pctt'ern of local
ÓŃirońent and Eeograllhloal
vartabtltty of, environnent
heterogarJr
prtvllóxed selectlon of rare
Aenes

wlde chanEes in the genotwg. The latter ls buffered so that it
would ensure presenration of pathways of developnerrt, Notwlthstarldtns

what Aenes neet ln the gene poo1, ttre exlstence of deflnlte
developnent pathways_warrants the attalnnent of the §landar-d end"

prod,uct. Thls stablllsatlon of developnent can_ cqpe_not only wlth

the varlabtltty of the gene poo1r'but also wlth errvtronnerrbal

varl,ablllty. The developnent of the aphld pqpu],atlon rrrns alor€

deflńlte pathways /channels/ lndependently of the geno,t5le as 1ong

asthevarlabtlltyofthee:rternalorgenetlcenvlronmerrtdoesnat
trelrsAres§ a certaln crltlcal level, Each sudden charrge of 'the

popu]-atton slze produces changes in'ttre lntenslty of seleetlon,

or"r',r'nr*ofthepoP.dlatlonl'ncreasesltshonozygoEtty'thls
favourlng the appeararrce of nonstarrdard phenotypes rlth prevalence

of aitaptlbtltty. An lncrease of selectlve pressure or lncreased.

populatlonEl.zeleadtoarapldsllnlrrat1.onofthegenespresent
in tt.

Unldlrectlonal selectlve pressure as for lnstance tndustrial
pol1utton, choose a §trorĘ dtrecti.orra1 selectlon and tend to cbarĘe

t}rephenotypestandardpre.łall1n6tothlstlne.lhlscłlangelstłle.



Fłofu*a ad ęa:UUa wb cott ttołllr of typ,c r ań K łebtbn"

eore dtfflcult /sloviler/ tne larger 1s the number of interactlons

/LLry;L/ entangling the Alven specie§" For instance, the greater

is the hlerarchlc couplexlty of the eco§ysteE the slower are the

charrges tn the prevaillng phenotlpe standard of the gtvęn species,
VariatlonsoftheBopulattons!.zeare-partlcularlylmportant

for specles undergoing selectlon of t]Pe K. Those in which selection
occurs accordlng to type r, tolerate vell rapid chanAes occurrir,g

tn the envlronnent or drastic changes ln population slze" Tenporary

disturbarroe, of envlroruerrtq'l stabl1_lty create§ 1:: "n^:"r.s 
wlth

tlpeKselectloncondltionsofdevelopnentspecl-ficforspecles
undergolng selegtion of type r. Thlś' ,cauśe§ a drastlc increase

of the heterozvgositv of tbe lnsects.a,rrd an lncrea§e of thelr
numbers tn tbe spec!.es. llhen the envlronment is very uniform

_/e.e. plant nonocultures/, frequerrtly tnass appearance occurs in
connegtion with the proluse availabIltty of food and 1inlted
coqretlti,on. lhe presuuable causes of oass appearance of aphids,
rltb pettlcular referelpe to tbe genetic strueture of forest
eioslstens have been preserrted by one of the authors at the XI

SlmposJ.uu of the Forest BŃoEology Sectlon of the Poltsh Entomologi_

cal §ociety at Llpusz ln Septenber of the foregoing year.
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