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concep t All that is being claim ed is that reproductive isolation is a characteristic 

o f  the species. It leaves open whether reproductive isolation or some other 

ch a rac te ris tic  is defin itive . The p rob lem  is that it does not sa tisfy  the 

requirem ents for a definition. Furtherm ore, it cannot be tested against the 

Recognition concept

Consider D obzhansky’s (1951:263-264) definition: "Spec:es are 

accordingly, groups o f populations the gene exchange between which is lim ited 

o r prevented in nature, by one, o r by a com bination o f  several, reproductive 

isolating mechanisms." The claim  here is that reproductive isolation is the 

definitive characteristic o f  species. The Recognition concept claim s that a 

com m on fertilization system is the definitive characteristic o f  species. These 

concepts are incom patible and m eet the normative requirem ents for definitions. 

They can also be tested against each other. One way they can be evaluated is in 

terms o f their degree o f univenality.

Universality and the species problem

We have seen previously that there is a correlation between the position of 

an event along a causal chain and the level o f universality o f the definition 

derived from this event. Universality and consequently causal definitions are de­

sirable in science. In this section I assess the level o f universality o f  various con­

cepts inferring their position along the speciation chain as an indication o f their 

adequacy. In table 4-1 the concepts are rewritten in the form  o f  conditionals. I 

then determ ine whether the conditional holds true for all possible situations ;o 

test its degree o f universal’ty.

«■ 1
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T a b l e  4 - 1 .  S p e c i e s  c o n c e p t s  i n  t he  form o f  c o n d i t i o n a l s .

Concept C o n d i t i o n a l

P o s i t i o n  a l ong  

Causal  c h a i n

Tdsonoai  c

I f  X has

t hen i t  i s  a B where A^-An

ar e  mo r p h c l o g i c a l  c h a r a c t e r i s t i c s

3 rd

I s o l a t i o n

I f  X & Y ar e  p o t e n t i a l l y  a b l e  to 

mate but  do n o t ,  t hey  be l ong  

to d i f f e r e n t  s p e c i e s .

2nd

Recogni  t i  on

If  X has

t hen i t  i s  a B where S j - S n 

ar e  components  o f  the  

f e r t i l i z a t i o n  s y s t e m.

1st

4

■i
‘ I . ' '
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It can be seen that the taxonom ic conditional does not hold true for all 

possible situations. It often happens that two species have biological reality, i.e. 

have different distributions, mating behaviour, physiology etc. and yet are 

extrem ely d ifficult to distinguish  betw een on m orphological criteria (e.g. 

Anopheles gambiae com plex). The M orphological Species Concept, then, is 

inadequate.

The isolation conditional, although it does much better, also does not 

hold true under all possible situations It could not apply in the hypothetical 

situation of  there being only one species on earth. The conditional is such that it 

requires at least two species to exist for it to be supported. The isolation concept 

fails the universality test just because it is relational. There are two ways of 

reading isolation in the above conditional.

Isolation could be viewed as an effect o f two species having different 

fertilization systems. The other view is that isolation is causative. Here the 

conditional would read: ’X & Y belong to different species because they are 

unable to m ate’. This statement sounds reasonable if X & Y are two closely 

related m osquitoes with genitalia that do not match. However, Paterson (pers. 

com m .) says that few would want to argue that hum ans and m osquitoes are 

different species because they are unable to  m ate. Thus in this form  the 

conditional falls far further short o f applying under all situations.

W hat o f the recognition conditional? It holds true under a greater range 

of s itua tions than the p rev ious tw o co n d itio n a ls . Tw o species m ay be 

m orphologically indistinguishable, differing only in the chem ical signals used in 

their courtship. SM RS theory would give them separate species status. The 

conditional would hold true even in the event o f there being only one species 

existing on earth. On the grounds o f greater generality the Recognition Concept 

wins over the others. We have com e now to the third step in the m ulti-com ered 

approach.

t
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Step 3: Developing multi-cornered predictions

The way this is done is as follows: Logical connections are established 

between particular hypotheses H i and H 2 and m utually exclusive predictions Pi 

and P 2 .

It is not necessary that the predictions be forw ard-looking (W illiams 

1985). It is important that the hypotheses H 1 -H2  be clearly distinguished from 

one another. O therwise it will be difficult to establish w hether a particular 

observation has confirm ed or refuted one o f the hypotheses. The predictions 

Pl-Pn should be be mutually exclusive, since this enables us to go back and 

adjudicate between our hypotheses.

Testability between alternative species concepts is augm ented by 

requiring that definitions be causal. This is so because each definition will then 

imply a different sequence o f steps in the speciation p- -e ss . Testing the 

adequacy o f  particular views o f species becomes in part a m atter o f ascertaining 

the correct sequence o f  events in speciation. I say in part because each view has 

m any im plications, one o f which is a particular sequence o f  steps in the 

speciation process.

A num ber o f predictions o f the Recognition Concept have been supplied 

(Paterson 1978, 1981, 1986). It is noted that not all these are o f equal value. O f 

one prediction it is said that it "is not in absolute conflict with the isolation con­

cept" (Lam bert and Paterson 1984) But most o f  the predictions are m ulti-cor­

nered. Five of these are given in table 4-2.



T a b l e  4 - 2 .  Some p r e d i c t i o n s  o f  t h e  I s o l a t i o n  and R e c o g n i t i o n  

c o n c e p t s  o f  s p e c i e s .

R e c o g n i t i o n  Concept

I s o l a t i o n  Coneept

1.  The f e r t i 1 i z a t i o n  s y s t e m w i l l  

v ar y  l i t t l e  g e o g r a p h i c a l l y .

2.  The f e r t i l i z a t i o n  s y s t e m w i l l  

tend to remai n s t a b l e  i n  t i me .

3.  The c o m p l e x i t y  o f  the  

f e r t i l i z a t i o n  s y s t e m  w i l l  n o t  

d e pe n d  on t h e  p r o x i m i t y  o f  o t h e r  

spec  1e s .

4.  S p e c i e s  t h a t  ha v e  l i t t l e  gene  

f l ow between p o p u l a t i o n s  w i l l  s t i l l  

remai n s t a b l e .

5 .  S p e c  i i  t i o n  w i l l  o c c r r  i n  

a l 1o p a t r y .

1.  The f e r t i 1 1 z a t i o n  s y s t e m w i l l  

v ar y  g e o g r a p h i c a l l y  as much as any 

o t h e r  c h a r a c t e r .

2.  The f e r t i l i z a t i o n  s y s t e m w i l l  

not r emai n s t a b l e  i n t i me .

3 .  T h e  c o m p l e x i t y  o f  t h e  

f e r t i 1 i z a t i o n  system wi l l  depend on 

t h e  p r o x i m i t y  o f  o t h e r  c l o s e l y  

r e l a t e d  s p e c i e s .

4.  Ther e  w i l l  be s u b s t a n t i a l  gene 

f l ow between p o p u l a t i o n s .

5 .  S p e c i a t i o n  w i l l  o c c u r  i n  

sympat r y  or  by r e i n f o r c e m e n t .



Lack o f  space forbids me to f How all the logical consequences o f every 

view o f species. Instead I will consider three: the M orphological Concept, the 

Isolation Concept and the Recognition Concept with the object o f em phasizing 

the logical connection between these and one particular feature o f  specialion- its 

sequence It will be necessary, in doing this, to discuss the temporal aspect o f the 

speciation process:

The temporal aspect of the speciation process

Speciation can be viewed as a causal chain because it involves a number 

of causally connected events. Hull (1974) has described some o f the properties o f 

causal chains and this will be helpful to us in understanding speciation uid the 

species problem. One important property o f causal chains is that they have a 

temporal aspect. Causes by definition never follow their effects. Consequently, 

there is a precise order or direction o f events along the chain. The various species 

concepts imply different sequences o f events in speciation, and thus different 

modes o f speciation. To show this I will consider three species concepts in turn:

The Recognition Concept

The Recognition concept o f species is closely tied to the allopatric 

model o f speciation. Paterson says o f this concept that there are no problem s 

accom m odating it to allopatric speciation (Paterson and M acnam ara 1984). 

Unuer the Recognition Concept the acquisition o f  a new Fertilization System by 

a population is a prior event to reproductive isolation. Reproductive isolation is 

an effect. A consequence o f this isolation is the setting up o f  independent 

phylogenetic lines since any change in one line will not be registered in another. 

M orphological divergence may only arise after a num ber o f  speciation events. In 

the case o f  sibling species there is reproductive isolation without a change in 

morphology. M orphological divergence, then, is contingent upon speciation (or



sub-speciation). The order o f  events in the allopatric model o f speciation is as

follows:

( I )  (2) (3)

geograph ica l_____> s p e c ie s _____> reproductive

isolation form ation isolation

It is im portant to note that the Recognition Concept o f Species does not 

state m erely that a fertilization system is an important property o f  species, but 

that acquisition o f this system is the prim ary event with reproductive isolation 

merely an effect. The Recognition concept is thus logically tied to the allopatric 

model o f speciation. As a result, testing this concept becomes in part a m atter o f 

discovering what sequence o f events actually occurs in speciation. O ther species 

concepts imply different sequences, providing us with a m ulti-com ered test.

T h e  Isolation Concept

If the Isolation Concept is a definition in terms r f  causes, then 

speciation is contingent upon reproductive isolation. There are several m odes o f 

speciation in which this would be the case. One o f  these is sympatric speciation. 

Bush (1975a)says: "In sympatric speciation prem ating reproductive isolation 

arises before a population shifts to a new niche"(Italics mine). M ayr (1963:451) 

says that "according to the theory o f symp itric speciation the splitting o f  the gene 

pool is caused by ecological factors, and whatever spatial isolation o f  the thus
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formed populations ensues is a secondary, later phenom enon." Thus, geographic 

isolation is contingent upon reproductive isolation and speciation.

Another mode o f speciation predicted by the Isolation Concept is 

reinforcem ent through geographic speciation. Lam bert and Paterson (1984) have 

said th.-'t it cannot be em phasized too strongly that there is a distinct logical nexus 

betw een the term  isolating m echanism ’ and the reinforcem ent m odel of 

speciation. According to this model, speciation is a two step process. Initially, 

a llo p atric  popu lations o f  the species d iffe ren tia te  genetically . T he tw o 

populations then make secondary contact. The progeny from m terpopulational 

crosses are likely to be less fit, so selection ill favour repinauctive isolation 

between the two populations, finally leading to the forman n o f two species 

(Ayala el al 1974). Sympatric speciation and reinforcem ent have in caram on that 

speciation is contingent upon reproductive isolation Note that t h : ; order o f 

events is in contrast to that found in the aliopatnc model. Two sequences 

predicted by the isolation concept are:

(3) (2)

re p ro d u c tiv e__ ,  spec ies__ ^jB B pw jhical

isolation form ation is u ncr.

or
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(1) (3) (2)

geo g rap h ica l__ > seco n d a ry__ > rep roduc tive__ f  species

isolation contact Isolation form ation

The Morphological Concept

If morphology is considered the primary criterion o f  species rank, then 

a d is tin c t m ode o f specia tion  is p red ic ted . For, the im plica tion  is that 

re p ro d u c tiv e  iso la tio n  and  sp e c ia tio n  are se co n d a ry  co n se q u e n c e s  o f  

m o rp h o lo g ica l d ive rgence . T his w ould  be the v iew  o f  the m echan ica l 

isolationist. Here m orphological divergence causes a block to gene flow; 

differences in the structure o f the genitalia between the tw o species causes 

isolation. The causal sequence will be as follows:
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(4) (3) (2)

morphological __ * reproductive __ , species

divergence isolation fo m atio n

Two im porun t points emerge. First, the M orphological Species 

Concept implies a specific sequence of events in speciation. Second, this mode is 

a subset o f sympatric sp ation or peciation by reinforcem ent.

Since we have required that species definitions be in terms o f  causes a 

link has been established between the concepts and speciation. This has allow ed 

for the developm ent o f multi- cornered predictions as follows:

Hi (R ecognition...............* P i (1 - 2 - 3)

Concept)

H2 (Iso la tion ...............» Pz (3 - 2 - 1 or 1 -3 - 2)

Concept)

H 3 (M orphological...............» P3 (4 - 3 - 2)

Concept)



This step, which is an important step in the em pirical testing o f  species 

concepts has not been consistently practiced by species biologists. This is 

evidenced by the following:

a) In m ajor w orks on evolution such as M ayr’s (1963) ’Anim al Species 

and E volution’, W hite’s (1978) ’M odes o f Speciation’ and ’E volu tion’ by 

D obzhansky et al (1977) there is no discussion on the consequences for 

speciation o f  particular concepts o f  species. In particular it has not been 

em phasized that the M orphological Species Concept implies a distinct mode of 

speciation as com pared to both the Recognition and Isolation Concepts o f 

species.

b) At this late date Lambert and Paterson (1984) still have to stress the 

logical connection between particular views o f  species and speciation.

An interesting question is why there has been the tendency to ignore the 

connection between species and causal sequence. One reason is that to see this 

connecoon requires that the previous step be p m ed: species concepts must 

be adequately delimited. As we saw, the Biological Species Co .cept has not 

been u m am b ig u o u sly  d efin ed . We com e now  to the f in a i step  o f  the 

m ulti-com ered approach.

S tep  4: A d jud ica ting  betw een si* rn a tiv es

In tro d u ction

The object o f  the m ulti-com ered m ethod is to bring alternative theories, 

concepts o r hypotheses into a confrontation with each other and the real world; 

to let the world be the judge o f which hypothesis is the victor. M ore realistically,
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fights between hypotheses may involve a num ber o f rounds. In each round the 

goal is to have a different part o f the woriu be the judge of w hich is ti'e victor. In 

such a system we have a method for ensuring that the greatest possible dem ands 

are made on theories. Theories are subjected to severe tests. As we have com e to 

the last step in this m ethod it will be useful to oudine the whole argument:

if Hi then Pi 

if H2 then P 2

if Hn then Pn

Pj

therefore Hj

Step 4 can be divided in two parts. First, the necessary observation 

statem cnt(s) Pj are gathered. Pj represents a particular observation statement. 

Second, the observation statements are used to decide between the alternative 

hypotheses H |-H n. Since Pi-Pn are mutually exclusive, affirming particular 

observation statement Pj implies the denial o f all other predictions considered. In 

the previous section we saw that each o f the species concepts considered implies 

a different sequence of events in speciation. In the fourth step the evidence on 

speciation is used to judge between the concepts.

T he ev idence

The evidence for and against different modes o f speciation is a subject 

in itself and will be dealt with in the next chapter. Suffice to say that the only 

mode o f  speciation whose occurrence is unequivocal is allopatric speciation. 

Paterson (1981) has categorized it as a class I model i.e. one which has support 

from observed critical facts as opposed to a class II model which does not have



support from  observed critical facts. M ayr (1963:449-480) has shown that the 

evidence for sympatric speciation is m erely com mon, being accountable for in 

term s o f  allopatric  speciation . The ev idence suggests that specia tion  by 

reinforcem ent hardly if ever occurs in nature given the unlikely conditions it 

requires (M ayr 1963:472, Paterson 1978, Lam bert, Centner and Paterson 1984).

But several other lines o f evidence have been given which favour the 

Recognition over the Isolation Concept (Lam bert and Paterson 1984). Some of 

these are: the num ber o f  cases in which the com plexity o f  the courtship is clearly 

not dependent on the presence o f  o ther closely related species; the little 

geographic variation found to occur in the SMRS o f particular species (Lambert 

and Harper 1985); and the stability o f species (Mason 1964).

The evidence, then, discrim inates against the Isolation Concept and for 

the Recognition Concept. One would expect the Recognition Concept to be 

accepted over the other. This is not so. Leading evolutionists such M ayr and 

Dobzhansky have favoured the Biological S p ^ ie s  Concept, stressing isolation as 

the m ost important property o f  species. Paterson (1981) has even accused 

D obzhansky o f playing down the logical inconsistency between the Isolation 

Concept and the known fact o f allopatric speciation.

W hy has this happened? I do not believe that the problem  lies with a 

lack o f  the right kind o f  data. The data is there. In order to adjudicate between 

alternatives, the significance of this data must be appreciated. This in turn is 

dependent on considering the collective evidence, rather than each line of 

evidence in isolation, for then it becomes easy to explain away the conflicting 

evidence through the addition o f ad hoc hypotheses.

It is also dependent on careful defining and reasoning. If com m on 

evidence is not recognized for what it is, a concept will appear to be adequately 

supported, and there will seem to be no need to consider alternatives. If species



concepts are not adequately delim ited, the logical connectedness o f  these 

concepts to particular views on the speciation process will not be realized. If this 

logical connectedness is de-emphasized, the full significance o f discrim inatory 

evidence will not be recognized. And again it will become easier to explain away 

the conflicting evidence through the addition o f ad hoc hypotheses.

N otes

1 In order to avoid this problem , Kripke (1977:66-101) has proposed that 

we separate definition and reference. In his causal theory o f  reference he has 

sought to provide a means o f reference that is independent o f an item ’s conceived 

properties. Reference is realized by a causal connection rather than by associated 

descriptions. One merit o f the theory is that it allows one to be mistaken about an 

items properties, and yet correctly refer to that item.



CHAPTER 5: METHODOLOGY A M ) SPECIATION

In tro d u c tio n

We saw in chapter 4 that species biology is characterised by pluralism  and 

polemics. It is not surprising to find speciation biology in a sim ilar state 

considering the close relationship between species and speciation. There are a 

great deal o f data on speciation but it has not been integrated into a single 

unifying mechanism. W hite (1978:16) identifies 7 modes of speciation, many of 

which are mutually exclusive. M ayr (1963:428) describes 9 different modes. 

Paterson regards this as a bad state o f affairs arguing that there is a loss o f 

generality with every distinct mode o f speciation admitted..".

From the outset it should be specified in wuat sense, if any, the various 

modes can be said to be com peting. It could be objected, and rightly I think, that 

there is no a priori reason why speciation should not occur in several modes. The 

fact that the occurrence o f  a llopatric  speciation has been unequivocally  

established does not mean, o f course, that sympatric speciation does not occur. 

The conflict is over the importance and prevalence o f  the various modes. It is at 

this level at least that controversy exists. Thus W hite (1978) s a y s :".... it seems 

impossible today to deny the reality o f  sympatric speciation, at least in many 

groups o f insects." Paterson ( 1981) objects: "I am afraid I cannot accept this 

assertion."

It is the thesis o f this chapter that inadequate m ethod may be a 

significant contributor to this state o f  affairs. My aim, therefore, is to evaluate the 

m ethods used in population biology according to the criteria established in my
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second chapter. Paterson (1981) has com plained o f  conflatior between species 

concepts. It will be argued that an analogous conflation has occurred with regard 

to method; that distinct m ethods have sometimes been confused. In addition, 

further m ethodological principles o f  benefit to Population Biology will be 

suggested. Since the main objective is to discuss points o f  m ethod, I will not give 

a detailed account o f all m odes of speciation or com pare the variants o f  these 

modes. We will be concerned chiefly with allopatric and sym patric speciation 

and speciation by reinforcem ent, although one would expect the principles to 

apply to tests involving other modes o f  speciation. First it will be necessary to 

give some background to speciation.

Background to speciation

Traditionally evolutionary change has been divided into two kinds: 

anagenesis or evolution within a single population and cladogenesis or the 

divergence o f populations into different species. Speciation refers to the latter 

process- the origin o f species. The importance of this process has recently 

become more apparent as several biologists claim  that most evolutionary change 

occurs at speciation. (Paterson 1985,1986, G ould and Eldredge 1977, Eldredge 

and G ould 1972). There is no doubt that the origins o f  species has an genetic 

explanation. As we have seen the controversy is over the im portance o f particular 

modes o f speciation.

Modes of speciation have been classified in several different ways. 

M ayr (1963:428) distinguishes two broad categories- instantaneous and gradual 

speciation. Under the former he includes single mutations in asexual organism s 

and chrom osom al modes. The latter category he further divides according to 

g(. graphical considerations. Geographic speciation (= allopatric speciation) 

occurs when a population is split into two by a geographical banner, and, through

V V*
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genetic differentiation evolve into separate species. Sympatric speciation occurs 

w hen tw o  p o p u la tio n s  u n d erg o  g en e tic  d if fe re n tia tio n  w ith o u t being  

geographically isolated.

Templeton (1981) feels that it is better to classify m odes according to 

population-genetic rather than geographical criteria. Accordingly, he and Mayr 

(1978) define ’allopatric’ in term s o f  dispersal barriers rather than purely 

geographically.

One important difference between several o f  the modes is the sequence 

of steps in the process. M ayr (1963:451) has said that the aJlopatric and 

sympatric models of speciation differ "in the sequence in which the steps o f the 

speciation process follow  each other." "In sym patric sp ;c ia tion  prem ating 

reproductive isolation arises before a population shifts to a new niche". (Bush 

1975a, italics mine). The claim  here is that populations develop intrinsic 

reproductive barriers while in sympatry. Eventually individuals from  the two 

populations will be unable to mate and consequently will be differer.t species.

U nder the a llo p a tric  m odel a d au g h te r  p o p u la tio n  becom es 

geographically isolated in a new habitat. The reproductive isolation arises 

fortuitously after this event, and as a by product o f adaptation to the new habitat. 

The reinforcem ent model o f geographic speciation is a two stage process (Ayala 

et al 1974). Initia lly , a llopatric  populations o f  the species d iffe ren tia te  

,enetically. The two populations then make secondary contact. The progeny 

from interpopulation crosses are likely to be less fit, and so, it is claim ed, 

selection will favour reproductive isolation between the two populations, finally 

leading to the formation o f two species, h  chrom osom al models o f  speciation, 

karyotypic changes initiate divergence (W hite 1978:169) whereas the alternative 

view is that these changes are contingent ujx>n speciation (Paterson 1981). We 

can turr. now to evaluating m ethod according to the steps involved in the multi- 

com ered approach.



Step 1: R ecognising com m on evidence

The first case that we will consider is the evolution o f the neuropterans 

Chrysopa carnea and C. downesi. Tauber and Tauber (1977a) have claim ed to 

have found evidence for sympatric speciation. The title o f their paper reads: 

"Sympatric speciation based on allelic changes at three loci: evidence for natural 

populations in two habitats." They say: ”... we report experim ental evidence 

herein that disruptive selection can act through habitat differences in the 

speciation o f non-host-specific animals." Hendrickson (1977) thinks otherwise, 

pointing out that the evidence is equally consistent with allopatric speciation. Let 

us exam ine the evidence and its interpretation in some detail. The object is to 

determ ine whether this evidence is com mon or discriminatory.

The evidence. C. downesi is dark green and univoltine (producing a 

single brood in a season). From hybridization tests its cclour was found to be the 

result o f the semi-dominant G allele in the hom ozygous state. C. downesi is 

cam ouflaged against the conifers it lives on. Its univoltism  is due to the presence 

of recessive alleles d id i and d2d2. C. carnea is multivoltine. In the reproductive 

phase the adults are light green and cam ouflaged in their grassy habitat. At the 

end o f the breeding season the adults move to the senescent foliage o f deciduous 

tre-s, while changing their colour to between a pale green and a reddish brown. 

Thus they remain camouflaged.

The interpretation. T auN r and Tauber interpret the evidence as supporting 

. ym patric speciation. They propose that C. downesi evo lved  from  a C. 

carnea-like ancestor through a two step process. In the first step selection is 

supposed to favour the establishm ent o f the allele G in the ancestor (we will 

ignore the question o f how the gene would spread after arising). This form  would 

be at an adaptive advantage in the conifer habitat The heterozygotes would be 

in term ediate  in co lour and thus disadvantaged. T hey claim  that through 

disruptive selection a 2-allele polym orphism  would be maintained. In the second



step selection favours the establishm ent o f the alleles did id2d2 in the ancestor. 

The selection would favour univoltism  in the incipient C. downesi because food 

and com petitors would be present throughout the year. The process is represented

as follows:

ggDiDiD2E>2 — *  GGD 1D 1D 2D 2 — *  GGdidid2d2

E'it, as Hendrickson (1977) has pointed out, the title is m isleading since 

their evidence can be accounted for in terms o f allopatric speciation. A ccording 

to this model a small population would have becom e isolated in a conifer habitat. 

Subsequent to this isolation the population undergoes the allelic changes leading 

to the formation of C. downesi. Both models predict the same set o f allelic 

changes but would predict a different timing for these changes. In sympatric 

speciation the changes begin while the populations are in sympatry. In allopatric 

speciation the changes occur when the populations are in allopatry.

Tauber and Tauber have done some useful research in discovering the 

probable allelic changes that occurred in the evolution o f C. downesi. But that is 

all. They have no ev idence regard ing  the tim ing o f  these changes and 

consequen tly  they cannot d iscrim inate  betw een allopatric  and sym patric 

speciation. In claim ing that they ca 1 they have not recognised their evidence for 

what it is- com m on evidence.

Let me suggest a few reasons why this has happened:
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1. The authors do not clearly distinguish between the evidence and their 

interpretation o f the evidence.

After giving the evidence they say "... we propose that C. downesi's 

speciation from a C. cam ea-like ancestor occurred in two two steps..." (emphasis 

mine). The term 'p ropose ' suggests that they recognise that this is interpretation. 

This is fine. But then they begin to speak in the past tense creating the im pression 

that the evidence is that sympatric speciation has in fact occurred: They write: 

"Thus the population was subjected to disruptive selection which produced and 

m aintained a stable, two-allele polym orphism ..." (italics mine). Such use of 

language makes it easy to slip into thinking that the com m on evidence is actually 

discriminatory.

2. The authors do not have a clear understanding o f the distinction 

betw een com m on and d iscrim inato ry  ev idence. T his is ev iden t from  an 

inconsistency in their claims. The language o f their title, as we have seen, shows 

that they believe that their evidence discrim inates against allopatric speciation. 

However, note their choice o f words in the summary: "... such gene substitutions 

can occur, in the absence o f  geographic isolation, as a result o f  disruptive 

selection..." (italics mine). The use o f  ’can ’ is revealing. It suggests a more 

modest claim  than that found in the title; that iheir claim  is merely that allopatric 

speciation is ro t alone in being able to account for the allelic changes.

It is also evident from  their not responding relevantly to H endrickson’s 

criticisms. To respond relevantly they would need to speak in com parative 'erm s. 

Instead, much was made o f  the fact that their observations "... precisely fit the 

pred ic tions..." o f sympatric speciation (Tauber and Tauber 1978). O f course, the 

the observation that X has fur precisely fits the hypothesis that X is a dog, but it 

precisely fits the hypothesis that X is a cat as well. Their statem ent does not, 

then, speak to the issue.
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3. The absence o f appropriate terms is also a factor. We use the term 

’ev idence’ in at least tw o senses (comm on and discrim inatory), often relying on 

the context to indicate which is meant. Part o f the disagreem ent between Tauber 

and Tauber and Hendrickson is the result o f  each using the term  ’ev idence’ in a 

different sense.

A nother case is L ittlejohn’s work on the prem ating isolation in the Hyla 

ewingi com plex. This case is often cited in textbooks (e.g. Dobzhansky et al 

(1977:182)) because it is thought that it clearly dem onstrates reproductive 

character displacem ent. Littlejohn (1965) was able to dem onstrate that the two 

species studied, H. ewingi and H. verreauxi had sim ilar m ating calls when in 

ailopatry but showed divergence when in sympatry. One explanation is that the 

mating calls are premating isolation mechanism s which arise through the direct 

action o f  selection for these mechanism s. The second explanation is that the 

premating isolation is an effect arising incidentally from adaptive processes 

operating in the allopatiic populations.

Littlejohn favours the form er explanation. He suggests, "that the 

marked differences between sympatric populations have resulted from  t'le direct 

ac tion  o f  se lec tion  for increased  rep roductive  effic iency , i.e. the sligh t 

differences present in the allopatric populations have been re’.iforced in the 

sympatric populations". The basis for this decision seems to the difference in 

the m ating calls which he established between the two species in ailopatry and 

sympatry. But, by his own adm ission, this difference is expected from  both 

explanations. For, he regards the problem  as w hether the ethological isolation 

". arises incidentally...or whether through the direct action o f  selection for the 

isolation effect itself." Thus Littlejohn bases his decision on com m on evidence

Futuym a and M ayer (1980) cite a num ber o f cases where the evidence 

used to support a particular model is consistent with alternatives. One o f these is 

the evolution o f host races in the fly genus Rhagoletis which is believed by some
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(e.g. Bush 1975b, W hite 1978) to  be convincing  ev idence o f  sym patric 

speciation. Before the 1860’s R. pomenella was only known on hawthorn. 

Subsequently, it has 11. -n reported on cultivated apple and cherry (Futuym a and 

M ayer 1980). B ush’s (1974) model has been criticised on several grounds by 

Patersor. (198 l j  and Futuyma and M ayer 1980). For our purposes the m ost 

interesting criticism  is that the evidence relied on by Bush and W hite is 

insufficient to allow one to choose between B ush’s hypothesis and alternatives.

The central argument for sympatric speciation reads: "The sym patric 

origin o f host races in Rhagoletis- and hence o f species, because there can be no 

doubt that these host races are potentially incipient species seem c to be as firmly 

established as any case of allopatric speciation hua been" (W hite 1978).

Paterson points out that this fact can be alternatively interpreted as R. 

pomenella increasing its num ber of hosts. As it is R. pomenella lives on 16 

species o f  host plant apart from apple and cheny  (Bush 1974). To exclude this 

possibility one has to know that nost choice has a genetic basis (Paterson 1981). 

This is not known, or at least was r.ot known, in the 1970’s (Futuym a and M ayer 

1980).

A further supposed line o f evidence is the significant difference in size 

and ovipositor length between flies collected from apple and hawthorn at one 

locality (Bush P 7 4 .  1975b). As Futuyma and M ayer rem ark, this difference may 

indicate genetic divergence and hence a stage in sympatric speciation, but this is 

only one alternative. The available evidence does not exclude the possibility that 

this difference is a phenotypic response to different environm ents.

M ayr (1963:449-480) lists several 'ines o f  evidence that have I'een used 

in the past to support sympatric speciation. After a detailed exam ination o f  this 

evidence he says: "A re-analysis o f all five reported reputed proofs o f sympatric 

s^^-iation - sibling species, speciation in m onophagous groups, speciation in
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parasites, species swarms in lakes, and the instantaneous splitting o f  fossil 

lineages- thus shows that they are consistent with the theory o f  geographic 

speciation". Two o f these "proofs" will be exam ined to show tha: each is a case 

of relying on com m on evidence

The occurrence of species swarms is a line o f evidence that was used 

much in the past to support sympatric speciation (Mayr, 1963:504). Species 

swarm s are collections o f many closely related species in a small area. In the case 

o f lakes the argum ent has been that since there are no external barriers, speciation 

must have been sympatric (W orthington 1954). But species sw rrm s may be the 

result o f m ultiple invasions. Another possibility, for w hich considerable evidence 

exists (Fryer and lies, 1972), is that the lakes have undergone contractions and 

expansions thus creating the external barriers necessary for allopatric speciation. 

Since m any o f the species o f cichlid fishes o f Africa are littorai, external barriers 

between populatio-.s do exist in the form  o f harsh shoreline habitats. Thus the 

initial reliance in species swarms can be interpreted as a case o f  mistakenly 

giving com mon evidence discrim inatory status.

A line o f  evidence that has, in the pact, been thought to uneqiv jcally  

establish the reality o f  sympatric speciation is the sympatric occurrence o f sibling 

species (W ieser 1958, Kohn 1958). The reasoning is that this coexistence 

rep resen ts the final stage o f  the ir specia tion  in sym patry. But, as M ayr 

(1963:452) em phasizes, the assum ption is that species originated where they 

were found. Allopatric speciation can accom m odate this evidence by proposing 

that the sympatry is secondary.

W hite (1978) has written an influential book on speciation. A fter a 

lengthy discussion o f  sympatric speciation he concludes: "...in spite o f the rather 

woeful lack o f evidence as to the genetic processes involved, it seems impossible 

today to deny the reality o f sympatric speciation, at least in many groups of 

insect-" (pg 260). W hat would be interesting, would be to exam ine the lines of



evidence W hite considers to be favourable to sym patnc speciation, and to 

determ ine whether these are o f  the discrim inatory or com m on kind. These lines 

are (pg 231-232):

1. The existence o f "biological races", "host races," "ecological races," or 

"allochronic races" o f a species within the same territory.

2. The occurrence of speciation on ve y  small oceanic island;, where geo­

graphic isolation could not occur.

3. The results o f laboratory experim ents on "disruptive selection," some o f  

which seem to provide a plausible basis for sym patnc speciation.

The problem with the first and second lines o f  evidence is that they can be 

easily reinterpreted under the allopatric model. Two populations m ay be in the 

same territory or on the the same small oceanic island but actually never come 

into contact to interbreed (This point is developed later). They would be 

effectively allopatric. I conclude that these lines o f  evidence are com m on to both 

m odes o f  speciation. Paterson (1978) has shown that experim ents on disruptive 

selection are fundam entally flawed. This is because an alternative outcom e, that 

o f one o f the populations going to extinction, is artificially prevented. These 

experim ents do not, then, establish jym patric speciation over the alternative of 

ex tinction  o f one o f  the populations and therefore only provide com m on 

evidence.

The practice o f relying on com m on evidence is not confined to the 

support o f  sympatric speciation. In the case o f  stasipatric speciation authors have 

often supported the model on the basis o f a correlation between fixation of 

chrom osom al rearrangem ents and speciation. Lewis (1966), for exam ple, writes: 

"evidence that speciation occurs as a result o f  saltational reorganization of 

chrom osom es,...com es from he observation that adjacent populations,... may 

differ greatly in chrom osom e anangem ent and som etim es in basic chrom osom e
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number." But this sort o f evidence is common. To show a correlation between 

fixation o f  a chrom osom al rearrangem ent and speciation is to show m erely 'hat 

these steps occur in the speciation process. But the dispute is not over what the 

steps are in speciation but over the causal sequence. Paterson writes: "there 

certainly appears to be a correlation between speciation and the fixation event, 

but there is no reason to believe that the fixation o f the rearrangem ent has caused 

the speciation to occur”. ^Paterson 1981:116, Italics mine). M ayr(1978) and 

Tem pleton(1981) would agree with this verdict.

Step 2: Distinctly defining the alternatives

Introduction

M ayr (1976a:500, 1978) has repeatedly stressed the need for conceptual 

clarity in Evolutionary Biology. M y object is to show that this need is apparent 

in the area o f speciation; that there are a num ber o f  definitions o f  key terms such 

as ’sym patric’ and ’aliopatric" and that because o f the am biguity over what is 

meant by these terms the testing o f alternative m odes o f speciation is hindered. 

Paterson (1981) has rem arked that if  products o f speciation cannot be recognised 

w ithout am biguity then there is no possibility o f  ever testing a m odel o f 

speciation. N onnative principles for defining m entioned in the previous chapter 

will be applied, and some o f the definitions given to the above term s will be 

evaluated.

At the outset it is necessary to em phasize the im portance o f this subject. 

It is som etim es said of a distinction that it is merely a semantic difference. The 

im plication is that the m eaning o f terms is not really important. I hope to show 

here that how we interpret matters o f fact depends in part on the m eaning we give 

to particu lar terms. Yet there are a num ber o f  som etim es rather different 

definitions for the term ’sym patric’ for example.
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Variations in the meaning of ’sympatric’ and ’allopatric’

The definitions o f the terms ’sym patric’ and ’allopatric ' can be classified 

into tw o categories. These will be called the genetical and non-genetical 

definitions. The non-genetical definitions are expressed in spatial rather than 

genetical terms. An exam ple is Futuym a’s (1979:502): allopatric refers to "... a 

population or species; occupying a geographical region different from  that of 

another population or species". Similarly Rivas (1964) suggested that the term 

’sym patric’ be reserved for species within the same geographical area, whether or 

not they occupied the same macrohabitat. Consequently, sympatric speciation 

would be defined as "the acquisition o f species status by a group of organism s 

without their being geographically isolated" (Dillon 1973:309).

For some authors the genetic criterion is fundamental. For instance 

M ayr (1978) considers it better to define ’allopatric’ "... in term s of dkpersal 

barriers rather than purely geographically." F or him  (M ayr 1963:449,451) 

sym patric speciation is ’the origin o f isolating mechanism s within the dispersal 

area o f a single deme" i.e. a local population, (italics mine). O thers authors 

include both genetic and non-genetic criteria in their definitions but regard the 

g en e tic  c rite rio n  as fundam ental. T hus F u tuym a (1979 :507 ) w rote that 

’sym patric’ refers to "two species or populations occupying the same geographic 

locality (non-genetic criterion] so that the opportunity to interbreed :s presented" 

[genetic criterion].

In the next section we will see that the variation in the m eaning assigned 

to sym patric’ and ’allopatric’ leads to drastic consequences for the testing of 

inodes o f  speciation.
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Consequences for testing

One case that prima facie supports sympatric speciation is the evolution 

o f  the M allophaga (bird-lice). Clay (1949) reports that one finds closely related 

species o f  M allophaga in restricted and isolated geographical areas. Clay holds 

to a more or less genetic understanding o f ’allopatric’. For her the different 

species o f  M allophaga are unlikely to ever com e into contact to interbreed. She 

regards the host species as analogous to islands because o f the low level o f 

migration between them. She says: "... although , in general, the M allophaga are 

host specific  there are cases o f im m igran t parasite  species es tab lish ing  

them selves on a new host."

For W hite (1978; that there is some migration is sufficient to regard the 

species a: sympatric. He wrote (W hite 1978:244) t l r t :  "D ifferent sympatric host 

species that come into sufficiently close association (by sharing roosting places, 

nesting areas, dust baths, or the like) to permit migration of the parasites are 

em phatically not analogous to oceanic islands- they are alternative ecological 

niches within the same geographic area, habitat, or patria."

Wc see that even though both authors, to some degree at least, are 

viewing the allopatic/sym patric distinction from a population genetics criterion, 

each interprets the evidence differently. The source o f  their difference is not over 

how much migration occurs. Both agree that it is low. It exists over how much 

migration they will allow  to call the situation sympatric. Their disagreem ent is 

not over what the facts are, but over what they mean by sym patric or allopatric. 

This sort o f thing has happened many times (M ayr 1963:461-468), but below we 

will look briefly at just a view more instances.

U nder D illon’s definition species swarms in lakes w ould be prima facie 

evidence for sympatric speciation because here we have many and often closeiy 

rela 'ed species occupying the same geographical area. If, however, the definition 

o f ailopatry (and hence o f sympatry) were altered to include m icroallopatry, then
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the same phenom enon could be expected under allopatric speciation (Fryer and 

lies 1972). Here again we find that the interpretation c f  evidence depends on the 

m eaning o f terms.

Another exam ple concerns speciation within a single island. It is 

thcr-oht that the fact that this occurs supports sym patric speciation. Behind this 

thinking is the view that populations are sympatric by virtue o f being on the same 

island. Thus W hite (1978:244-245) writes: "If m ajor geographic barriers are a 

sine qua non for speciation, speciation should be impossible on small oceanic 

islands..."  M uch depends on how  stric tly  we define  ’sy m p a tr ic ’. W hite 

(1978:247) regards the existence o f many species o f beetles on Saint Helena as 

"overw helm ing evidence for non-allopatric speciation." But then he asks 

(1978:247): "was this speciation sympatric in the strict sense ....It is possible that 

very m inor geographic barriers, on an extrem ely local scale, may have provided 

some tem porary isolation in some instances" (my italics). If ’sym patric’ is 

defined stricdy then this may not be a case o f  sym patric speciation. Again we see 

the close relationship between semantics and testing. The sense in which we use 

terms is therefore important. It is strange, then, to find W hite later say that this is 

"em phatically  not a field that should be encum bered by sterile sem antic 

argum ents as to the m eaning o f terms."

Theories contain terms. Defining the alternatives distinctly must 

involve giving stric ' m eanings to these terms. We have seen above that this is not 

been done properly. Judging from  W hite’s statem ent the ;m portance o f this step 

is even being played down. Are there any principles that can help us in defining 

term s? In the previous chapter we saw that there were. It was argued that 

definit on should be causal, ontological and universal (or at least have the highest 

possible degree o f universality). In the next section definitions o f  the terms 

’allor'atric’ and ’sym patric’ will be evaluated according to these principles.
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An evaluation of definitions

The principle o f  ontology suggests that we need to distinguish between 

whether two populations are sym patnc from  the point o f view o f the organism s 

or w hether from the viewpoint o f man. It is very possible that two populations are 

effectively allopatric whereas a human observer would have difficulty perceiving 

it as such. The following statement by W hite suggests that he confused these 

issues: "It is possible t- at very miru>r geographic barriers, on an extrem ely local 

scale, may have provided some temporary isolation in some instances" (italics 

m ine). But m inor to whom? W hat to humans may be a m inor barrier m ay be 

major to a flightless beetle. The biologically important criterion is w hether the 

p o p u la tio n s are p resen ted  w ith the oppo rtun ity  to  in te rb reed  (F u tuym a 

1979:507). In otner words, a useful indicator o f  sym patry is geographical 

proxim ity but this should not be the definition o f sympatry just as m orphological 

dissim ilarity is a useful indicator o f species status but should not be used in 

defining ’species'.

One problem with finitions that rely on purely geographical criteria, 

then, is that this is not t'.e most biologically m eaningful or fundam ental way of 

defining allopatry or sympatry. M ayr (1978) has agreed that it "w ould seem 

advisable to define allopatric in terms o f  dispersal barriers rather than purely 

geographically."

A related way o f evaluating a definition is to determ ine how far it will 

support counterfactuals. One can evaluate Futuyma (1979:502) definition of 

allopatry in this way by expressing it in the form o f a conditional: If X and Y 

occupy A and B respectively then they are allopatnc, where X and Y are different 

populations or species, and A and B are different geographical regions.

In ig ine a country (call it Sm ogaria) in which all human males become 

infected with a disease which renders them sterile. O ther countries, fearing the 

spread o f the disease, forbid all Sm ogarians to tread on their soil. For the same
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reason the Smogarian tourist industry becomes non-existent. The Sm ogarian 

governm ent, concerned that they might not have a next generation, calls for aid. 

And aid com es from the U.S.A. in the form o f refrigerated sperm  parachuted 

onto the island. The U.&.A. and Smogaria are separate geographical regions but 

the populations are effectively sympatric because o f  the transfer o f sperm. Thus 

the above conditional does not satisfy the universality test.

A definition that does satisfy the criterion o f universality is K ey’s 

(1981:430). His object was to sharpen Futuym a’s (1980) definition. It reads as

follows:

"Allopatry- a distributional relationship in which two populations 

occupy territories separated by a region that neither crosses and which is free 

from any intergrades or hybrids between them .''

or in the form o f a conditional:

If X and Y occupy A and B respectively and neither crosses a region C 

separating them where C does not have any hybrids between A arid B .’

According to this conditional the ’U .S .A .-Sm ogaria’ case is really 

sym patric because there will be intergrades between the two populations. It is 

worth noting why this conditional satisfies the universality criterion. It is because 

it is e x p re s s e d  n o t ju s t  in g e o g ra p n ic a l te rm s . S in ce  it in c lu d e s  a 

population-genetic criterion it is able to cover the hypothetical situation above.

However, I do not think this makes K ey’s definition acceptable. In light 

o f the previous chapter we can see that K ey’s definition is unnecessarily 

com plicated because it includes both the fundam ental and the less essential. We 

have seen that definitions should contain that single criterion thought to be the

decisive one.
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Futuym a's (1979) definition also does not satisfy this test. He w rote that 

’sy m p a tr ic ’ re fers  to  "tw o species o r  p o p u la tio n s o c c u p y in g  the sam e 

geographical locality (non-genetic criterion) so that the opportunity to interbreed 

is p rese tted  (genetic criterion). This definition is interesting because the ’so that’ 

reveals what Futuyma believes to be the more fundamental criterion- the genetic 

one.

Con clusions

We have seen that there are a variety o f  definitions o f  the terms 

'allopatry ' or ’sym patry’ in the literature and that as a result there are differences 

in the interpretation o f evidence on speciation. W hile discussion has been 

restricted to two important terms this conclusion may apply more broadly. For 

exam ple. In the case o f the evolution o f the the morabine grasshoppers, what 

Bush (1975a) regards as parapatric speciation. Grant (1981:151) calls "allopatric 

speciation in sedentary organism s.”

In agreement with M ayr it is concluded that definitions o f  ’allopatry’ or 

’sym patry’ that are merely in distributional terms are inadequate, and that it is 

better to define these purely genetically.

Step 3: Developing multi-cornered deductions

In tl is section cases of apparently successful science will be contrasted 

with those cases that were apparently unsuccessful. The object is to show that the 

degree to which successful science is practiccd is, in part, dependent on the 

degree to which ihe predictions o f hypotheses are multi-cornered. Developing 

these sorts o f predictions involves drawing as many deductions as possible that 

are different between the various m odes o f  speciation. We shall find that the
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above principle has to be tailored to some special features o f  Evolutionary 

Biology.

Before we go further it is necessary to discuss an objection that some 

might have about applying this step to Evolutionary Biology. Their reasoning 

would be as follows: testing hypotheses through their predictions is standard 

rn L fic  procedure. Evolutionists cannot predict. They cannot say beforehand 

when when a species will speciate or what it will speciate into. Thus, the 

scientific m ethod cannot properly be applied to Evolutionary Biology.

Ghiselin (1969 27-28) and W illiams (1985) have shown that this 

predictionist thesis is gratuitous; that it is based on a m isunderstanding o f  what 

logicians mean by prediction. The term prediction’ in com m on parlance carries 

along with it the idea of a forward looking. W hen logicians use the term they 

mean deduction. It is not necessary, for the testing o f hypotheses, that deductions 

be forw ard looking.

The argument expressed above reflects an interesting methodological 

bias toward the hard physical sciences. Philosophers o f science (e.g. Ghiselin 

1969:27-29) have repeatedly pointed out that it is relatively easy to predict in the 

forward looking sense in the hard sciences, because it is relatively easy to control 

the relatively small num ber o f background conditions. In evolutionary biology, 

however, it is impossible in pract.we to control all o f die potentially vast number 

o f background conditions. Hence the difficulty in predicting in the forward 

looking sense.

Testing is still possible in evolution through the use o f  retrodictions C " 

backward looking predictions (Ruse 1973:100-102, Popper 1980). We have seen 

in the first chapter that, from the perspective o f dem uca tion , it is irrelevant 

whether predicnons or retrodictions are used. The reason is that one can exclude
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hypotheses with either. The result is dim inishing theoretical diversity which is 

characteristic o f  scientific disciplines.

The nature o f evolutionary biology necessitates the use o f retrodictions. 

There are a potentially large num ber background conditions involved in the 

speciation process. Because it is impossible in practice to control all these, it is 

necessary to to look back from our m odes o f speciation and predict what 

conditions or stages are necessary for a particular mode o f  speciation to occur.

In the next section I wish to describe some norm ative principles which 

may be useful in the application o f step 3 to the biology o f  speciation. My one 

thesis is that it is essential to understand the specific characteristics o f  the 

speciation process if we are to practice this step properly. In the previous chapter 

the speciation process was described as a causal chain. It was noted that causal 

chains have particular properties (Hull 1974), and that understanding these 

properties may help us in understanding speciation. Now I will list some o f these 

properties showing how these affect how we apply step 3.

Normative principles in testing modes of speciation

Speciation is a historical process, and, as Ghiselin (1969:28-29) shows, 

an exam ination of conditions is indispensable in historical explanations. This 

creates a com plexity in the process which is heightened by the relation between 

cause and effect not being universally reciprocal. A single or particular condition 

may be necessary but not sufficient for a particular outcom e. For exam ple, the 

occurrence o f two populations in sym patry is a necessary prerequisite for 

sym patric speciation but it is not sufficient. Coupled to this sym patrv the model 

requires, am ongst other things, a stable polymorphism .

This fart implies some important things about how we test m odes of 

speciation. Because a number o f conditions are necessary for a particular mode

Z , *  Y\ 
'r< K .
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o f speciaiion to occur it is unlikely that a model w ould stand or fall upon a single 

condition. This point needs to be em phasized. It is tem pting to think that the 

occurrence o f a necessary condition for a particular mode o f speciation, implies 

the occurrence o f that mode o f speciation. M ayr (1978) has reported that this 

distinction between necessary and sufficient conditions for speciation has not 

always been kept in mind. One way o f ensuring m ulti-com ered predictions is to 

specify a set o f conditions that must be met for a particular mode o f speciation to 

occur. We may not be able to ask for a single m ulti-com ered condition. We can 

ask for a m ulti- cornered cluster o f  conditions. A m ulti-com ered cluster is a set 

o f conditions such that if  they occurred, one and only one particular mode of 

speciation would result. In summary, then, the developm ent o f m ulti-com ered 

conditions requires the specification o f a set o f  conditions because o f the 

com plex nature of the subject material.

A second point is that evolution is a historical process. This means that 

to correctly interpret a case it may be necessary to know, for exam ple, the past 

distributions of populations. Evidence on this is unfortunately often difficult or 

im possible to obtain.

A third point has been made forcibly by Ghiselin (1969) and W illiams 

(1973). In evolution it is often necessary to make predictions about patterns in 

sets o f phenom ena, rather than about individual events. In what follows these 

principles will be explained and applied.

Applying normative principles

Since m odes o f speciation differ in their sequence o f  events, any predic­

tions regarding sequence are likely to be m ulti-com ered to some extent. One way 

this car, be done is to set up experime itally a presum ed stage in speciation in the 

field, and then observe the outcome. This has in fact been done. Lewis, working
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on Clarkia set up two populations in sympatry. A lthough, the deductions were 

not spelt out, table 5-1 shows their form.
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T a b l e  5 - 1 .  The d e d u c t ! o n s  In Lewi  s ' s  (1S66)  ar gument .

C o n d i t i o n s  Outcome

Sympat r y ,  s p e c i a t i o n

h e t e r o z y g o t e  d i s a d v a n t a g e  t hen by r e i n f o r c e m e n t .

s y mp a t r y ,

h e t r o z y g o t e  d i s a d v a n t a g e

then

e x t i n c t i o n .
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The deductions are m ulti-com ercd because two different outcom es are 

expected from  the alternatives modes. Note that the predictions in this exam ple 

are forw ard looking. It could be objected that L ew is’ experim ent does not really 

discrim inate against speciation by reinforcem ent because he did not provide the 

special conditions required for this mode o f speciation to occur (see p 105). The 

objector is right. This experim ent shows three things: that extinction ir a viable 

alternative to  reinforcem ent; that in this instance reinforcem ent is discrim inated 

against; and that to m ake general statements about the occurrence o f  one or other 

mode it is important to establish the conditions required for these modes.

To establish the conditions necessary for a mode to occur it is necessary 

to construct m athem atical models. This is a second way in which m ulti-com ered 

predictions can be developed. Here a stage in the evolutionary process can be 

rep resen ted  m athem atically  and the ou tcom e fo llow ed  algebraically . In 

describing the construction o f a m ulti-com ered deduction it m ay be helpful to 

contrast it with one that is not. Consider the follow ing argument:

"If the gene pools o f the two populations are sufficiently different, 

progenies from  interpopulational crosses are likely to have less fitness than 

progenies from interpopulational crosses. M ating preferences are affected by 

genes A lleles that decrease the probability o f  mating with individuals o f  a 

different population will, then, be selected for, while alleles increasing the 

probability o f intrapopulational mating will be favoured by natural selection. 

Eventually, the process may result in two reproductively isolated populations, 

and thus two different species" (Ayala 1974 el at).

The problem with this retrodiction as Paterson has shown is that 

heterozygote disadvantage can lead to an alternative outcome - elim ination o f  the 

rarer population or chrom osom al arrangem ent. Since the sam e condition 

(heterozygote disadvantage) is retrodicted from  two outcom es, this retrodiction
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is not m ulti- cornered, but com mon. It is necessary but not sufficient for 

reinforcem ent to occur.

We have seen that since speciation is .? com plex process it is unlikely 

that one can find a single m ulti-com ered deduction. In the deduction above the 

othe conditions necessary for speciation by reinforcem ent to occur have been 

ignored. One has to determine what cluster o f conditions are necessary for a 

given outcome. In a m ulti-com ered deduction a set o f conditions are specified 

such that if they occurred the only outcome would be one particular mode o f 

speciation.

Paterson and M cnamara (1984) argue that purely verbal arguments 

often appear plausible, whereas if they were expressed m athem atically they 

would not. With this in mind let us look more closely at the argum ent o f Ayaia et 

al. Note the use o f the term ’m ay’ in the argum ent This m ight suggest that all that 

is being said is that reinforcem ent is a possibility, and who could argue with that? 

But by only m entioning reinforcem ent one is left with the im pression that this is 

the m ost likely outcom e without this actually being said.

W hat are the conditions relevant to speciation by reinforcem ent? Below 

are s  few:

a) heterozygote disadvantage for the reason given by Ayala el al above.

b) size o f  parental populations- these have to be m aintained to prevent 

extinction o f rarer population or chrom osom al rearrangem ent (Paterson 1978).

c) num ber o f niches (M aynard-Sm ith 1966).

d) whether there is habitat selection or not (M aynaid-Sm ith 1966).
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e) the stability or potential for change in mate recognition system s, 

henceforth denoted by k. If k is too low reinforcem ent is unlikely to occur 

(Lam bert, Centner and Paterson (1034).

This is not an exhaustive list. Each condition described above m ay be 

affected by a large number o f  sub-conditions. For exam ple, there are many 

factors which affect population size and the constant k. Also the outcom e o f  a set 

o f conditions or sub- conditions depends on an interaction between factors. 

Lam bert el al report that k may depend on "the am ount o f  variation, co- 

adaptation o f signals and responses and the com plexity o f  the repertoire o f 

courtship behaviour”. They also state that the outcome is dependent on an 

interplay between forces favouring extinction and those favouring divergent 

system s o f  mate recognition. It is not obvious, then, w hat conditions are 

necessary for a given outcome. Because of the com plexity o f  causal relations it 

is essential to formulate mathematical models in drawing the logical connections 

between conditions and outcome. A purely verbal statement is insufficient.

This has been done in part by M aynard-Smith (1962). He showed that 

for disruptive selection to lead to a stable polym orphism  (which is necessary for 

speciation by reinforcem ent) y ■<u would need the populations occurring in the 

two niches to remain constant in size. The beauty o f this model is that it links the 

probability o f occurrence of a stable polym orphism  to a condition tha* can, and 

in fact, has been determ ined (as we shall see later). His predictions are thus to 

some extent m ulti-cornered. Later he showed that given a stable polym orphism  

you co u ld  get sp ec ia tio n  by re in fo rcem en t if  there w as im p rin tin g  or 

conditioning. M aynard-Smith is drawing logical connections between sympatric 

speciation and conditions that are both decisive for the model and which can be 

determined.

Lam bert, Centner and Paterson (1984) went deeper and showed that a criti­

cal factor is k- the potential for change in the fertilization system. If k is low the
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probability o f extinction o f  the rarer population or chrom osom al rearrangem ent 

is greater than the probability o f  speciation. Using com puter sim ulation they 

could determ ine the m inim um  value o f  k required for speciation by reinforce­

ment to  u rcu r and obtained a value o f . 15. Their deduction is m ulti-cornered and 

is boken dow n in table 5-2.



113

T a b l e  5 - 2 .  The p r e d i c t i o n s  of  Lamber t  e t  al  ( 1984) .

C o n d i t i o n s  Out come

k < . 1 5 ,  then e x t i n c t i o n  o f  one p o p u l a t i o n ,

sympat r y

 ̂ > . 1 5 .  then s p e c i a t i o n  by r e i n f o r c e m e n t ,

sympat r y
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The deductions are m ulti-com ered because two different sets o f  cor Jitions 

are retrodicted from the two outcomes. Again, the beauty o f  such a deduction is 

that one can easily est; nate k from selection experim ents (which has been done) 

and use the data to decide between the alternatives.

Let us exam ine one more approach to developing m ulti-com ered predic­

tions- the use o f  distributional studies. The purpose here is to determ ine w hat it 

is about this procedure that m a k 's  it work. G hiselin (1969:148) says that confir­

mation o f  geographic speciation has com e for the m ost part from  these sorts o f 

studies. The theory implies that there will be a correlation between the am ount o f  

speciation and the presence o f geographic barriers; that speciation will be grea­

test in those groups that have difficulty in dispersal in a particular nvironrnent. 

Table 5-3 expresses W illiam s’s (1973:521) deductions.

•ti r<" *
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Tabl e  5 - 3 .  H f l l i i i s ' s  ( 1973: 521)  d e d u c t i o n s .

*If a l l o p a t r i c  s p e c i a t i o n  

is the p r e v a i l i n g  mo d e . . .

then

. . .  t h e  m a j o r i t y  o f  t h e  

i n c i p i e n t  s p e c i e s  p a i r s  

e x i s t i n g  t o d a y  w i l l  have  

t h e  two me mb e r s  o f  t h e  

p a i r  l i v i n g  s u f f i c i e n t l y  

f a r  f rom each o t h e r  to be 

o u t s i d e  e a c h  o t h e r s  

d i s p e r s a l  r a n g e . . . ’

*If s y mp a t r i c  s p e c i a t i o n  

i s the p r e v a i 1 1 ng mo d e . . .

then

. . . l e s s  t h a n  h a l f  o f  t h e  

i n c i p i e n t  s p e c i e s  p a i r s  

found t oday  w i l l  be found  

w i t h  t h e  t wo  m e m b e r s  

of  t h e  p a i r  l i v i n g  

s u f f i c i e n t l y  f a r  f rom each 

o t h e r  t o  be o u t s i d e  each  

o t h e r s  d i s p e r s a l  r a n g e . . . *
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