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Others were more rigorous in seeking causes for change within the natural 

order. For example, Empedocles (495-435B.C.) suggested that the parts of 

individuals united purely fortuitously, with those combinations that were 

unnatural becoming extinct (Osborn 1929:52-53). Those that accepted a 

naturalistic agent of change disagreed over causes. Anaximander (611-547 B.C.) 

thought that the first men were derived from aquatic animals by a process that 

was roughly similar to natural selection (Gardner 1972:28-29). In contrast, 

Aristotle "advanced his own philosophy of purposive natural causation" (Osborn 

1929:74). Henry of Hesse, in the fourteenth century, wrote that the stars had the 

power to form new species from old (Clark 1966:33). Leibnitz (1646-1716) 

attributed species changes to great changes of habitat (Osborn 1929:143). 

Although special creation came to domina'e both science and theology up to the 

time of Darwin, this should not be taken to mean that there was consensus. A 

philosophy o f change was accepted by many (Osborn 1929) such as de 

Maupertuis (1698-1759), Erasmus Darwin (1731-1802), Lamarck (1744-1829) 

and Robert Chambers (1802- 1871).

There is a parallel here with the initial stages in ihe development of 

physical optics. There is great diversity in thought. Now our indicator predicts, 

that for scientific disciplines, there will be in time a limiting o f the degree of 

difference between theories. This is what we find for evolutionary biology. By 

the time of Darwin many of the older views, such as spontaneous generation and 

transformism had been discarded. For a time, says Thomson (1895:225) the issue 

was one which "is now out of date- the question between evolution and non­

evolution." Then the scientific community came to reject any supernatural 

element as an agent of change. More than accepting a merely natural history for 

life, they came to accept an evolutionary history. Thus Thomson (1895:213) 

wrote: "Almost all naturalists now accept the Doctrine of Descent...the fact of 

organic evolution forces itself upon us, but a study of the factors is still a lesson 

in uncertainties" (emphasis his). The thinking of the scientific community has 

converged over two issues at least: stasis versus flux, naturalism versus
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supematuralism. There is still diversity in thought, but it is of a different order. 

Evolution accepted, the question now iumed to its mechanism. The largest 

school was Darwinian but there were many rivals: a small school was 

Lamarkian; some proposed unknown laws (e.g. Dawson (1893:341); some 

would not commit themselves to any mechanism; Gould (1983:143) reports that 

some actually suggested that the best designed organisms were not the fittest, but 

must perish.

Today there is convergence over what the agents of change are- natural 

selection, genetic >lrift etc. The disagreement that exists is of a different order- 

over the relative importance over these agents of change. There has been 

exclusionary convergence, then, in terms of the agent of change. Let us consider 

one further aspect-the rate of change.

Linnaeus (1707-1778), as is well known, believed in the immutability of 

species. Gottfried Wilhelm Leibnitz (1646-1716) presented a doctrine of 

continuity along which advance is made by small steps (Mayr 1982:325). At the 

same time many accepted transformationism, (e.g. de Maillet, 1656-1738) the 

idea that great changes could take place in nature such as fish turning into birds 

(Osborn 1929:163). Spontaneous generation, the idea that living things could be 

generated spontaneously from mud or carcasses, was continuously held since the 

time of the early Gre;k philosophers (Osborn 1929:18, 48 0).

By the car!y 1900’s, there was still much disagreement over the rate of 

change. Darwinism upheld a gradual evolution but Nageli (1871-91), Cope 

(1840-91) and Mivart (1827-1900), amongst others, propagated saltationism- 

the idea that species evolved in large abrupt steps (Singer 1931:305,306, Hull 

1974:51,52). As late as the 1940’s, there was still place for Goldschmidts’ 

hopeful monster theory, - that variations in nature were large, although his theory 

soon met with disfavour. There is much controversy over the rate of change of 

evolution, but no-one accepted the extremes that were viable centuries earlier.
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Even instantaneous creationists accept micr> evoluion, that small changes do 

occur. 3iologists rejected a static living world because no matter how the fossil 

record v/as interpreted it was clear that change must have occurred. Neither was 

the rapidly changing world of transformationism ,uid spontaneous generation 

acceptable at the beginning of this century. In terms of the rate of change in 

evolution there has been a reduction in the degree of difference between theories.

This trend has continued up until today. There is a controversy over 

whether evolution proceeds in small jumps or gradually. This controversy can be 

misunderstood. It is not that Goldschm idt’s hopeful monster theory has 

re-emerged with new hope. As Kitcher (1982:149) writes "there are significant 

differences between the standard interpretation of Goldschmidt’s ideas and the 

proposals about macromutations that are currently being discussed." While there 

is controversy over the rate of change in evolution, there is a much narrower 

range of possibilities acceptable today then there w ;re four decades ago.

In terms of the agents of change and the rate of change the history of 

evolutionary ideas conforms to what would be expected of a science and parallels 

the historical development of physics. Our indicator of demarcation reveals that 

evolutionary biology is a genuine science.

Ls creatioriistn a science?

It was noted previously that during the late nineteenth and early twentieth 

centuries the scientific community came to reject supernatural explanations of 

the origin of life. These explanations can perhaps be viewed as scientific theories 

that have been proven false. At this point there is a fork in the road. One road was 

taken by the orthodox scientific community. Their passage, we saw, was marked 

by exclusionary convergence at least with respect to the extent of change, and the 

mechanism of change. The other road was taken by a small group outside of the
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orthodox scientific community, which continued to support supematuralistic 

accounts of tne origin and history of life. Most theologians came to accept 

Darwinian evolution. These defended ereationism on purely theological or 

me p h y sica l grounds. 1 will not be concerned at all with this version of 

ereationism. Instead, I will examine, very briefly, the history of the heterodox 

group, which attempted to justify ereationism on scientific grounds. I wili refer 

to this version as 'ereationism.'

The creationist response to Darwin a id  the findings of geology in the late 

nineteenth century was very pluralistic. Below is a cross-section of some of the 

ideas promulgated it the time:

a) Literalism. According 10 this view, held for instance by G. M. Pnce 

(1923) and Gosse (1857) the world was created about 10 000 years ago in 

six days of 24 hours.

b) Successive catastrophes and creation. Agassiz believed that there were 

sudden periods of catastrophe, then creation, then a long period of quiet, 

with this pattern repeating itself again and again.

c) Flood geology. Here the fossil record is interpreted as the remnant of 

Noah's flood (Price 1923:686-691).

d) The Gap Theory was advocated by Thomas Chalmers, Sedgewick and 

Pember amongst others (Ramm 1954: 135). Although there were differen­

ces of interpretation the general view was that there was a creation, fol­

lowed by a long period of time, then a catastrophe and finally a recreation.

e) Local creation. J.P. Smith held that the six days of Genesis referred to a 

divine rehabilitation of just a small portion of the earth (Ramm 1954:131).

f) The Apparent Age view. Gosse simultaneously accepted Literalism and 

the findings of geologists. He believed that the fossils did not really exist
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but were created giving the appearance that the earth was very old (Birx 

1984:90,304).

g) Progressive creationism. Evolution is only accepted within the major 

phyla. Supposed gaps between the phyla in the fossil record is said to sup­

port a supernatural explanation for the initial appearance of the phyla.

h) Directed Evolution. Robert Chambers (1890:153-154) said: "I contem­

plate the whole phenomena (of the development of simple organisms to 

more complex ones) as being in the first place arranged in the counsels of 

Divine Wisdom, to take place, not only upon this sphere, but upon all 

others in space under necessary modifications, and as being carried on, 

from first to last, here and elsewhere, under immediate favour of the crea­

tive will or energy." A later expression of this view is that the alleged in­

adequacy of natural selection is said to make it impossible for evolution to 

be a self-acting mechanism, and must be directed by an external creative 

activity citner Divine (Beibetz 1922-105, Barnes 1933:519-520) or pyschi- 

cal (Sampson 1909:13,29).

i) Restricted or Spiritualised Evolution. It is claimed that the theory of 

evolution cannot apply to man and/or the origin of the first life. In these re 

spects there must have been supernatural intervention (J. G uibert 

1900:136-146).

Today there is considerable pluralism amongst creationists. Historians 

agree that creationists are unable to agree on a unified theory (Numbers 1982, 

1987, Barker 1985,1987). Ramm (1954), Thurman (1977:120-126) and Bradley 

and Olsen (unpublished report) have reviewed some of the more recent 

creationist theories, ''nese include:

a) Literalism or "Creation-science". Life is believed to have been created 

recently in six days of twenty-four hours (Gish, Bliss and Bird 1981).

b) Flood geology is held by, for exam ple, W hitcom b and Morris 

(1961:273-274).
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c) The Gap Theory has been defended by Custance (1976). One variant of 
the Gap Theory is that of Local Creation.

d) The Alternate Day view, another variant of the the Gap Theory, holds 

that the geological ages come between twenty- four hour days of special 
creation.

e) One interpretation of the Alternate Day view is that of Restricted Evol­

ution. Evolution cannot apply, it is said, to matter, life and man which were 
specially created (Berry 1975:37).

0  The Age-Day view, a specie- of Progressive Creation, in which the the 

days of Genesis are said to be eras corresponding to the geological record 
(Ross 1979:11).

g) The Relative Time view. According to this view the days of Genesis 

were "twenty-four in another ti.ne context, but are years in our time con­
text" (Bradley and Olsen).

h) Variants of Gosse’s Apparent Age view are held in part, for example, by 

M oms (1976:65,66). He suggests that the stars were created along with 

rays stretching to the earth, but rejects (somewhat inconsistently I think), 
G osss’s views.

i) Narritional Day view. The days are twenty-four hours of revelation and 
recording of the creation story (Wiseman 195b).

j) Directed Evolution has been defended by Appleby (1961).

While not all of the views above are mutually exclusive, it is evident that 

there has been no appreciable reduction in the diversity of thought amongst 

creationists from the tum of the century until now. With more than a century to 

come to an agreement, creationists still have widely diverging views over the 

time period for creation. It varies from around ten thousand years to billions of 

years. The creationists also differ widely over the extent to which they allow

i



supernatural intervention in natural processes. Some (e.g. Anderson and Coffin 

1977) hold that all the major phyla were specially created and accept only 

micro-evolution within these phyla. For others (e.g. Berry 1975:37) special 

creation is reserved only for tlie appearance of matter, life and man. Still others 

(e.g. Appleby 1961) allow no special creation at all. This pattern of history 

suggests that creationism is pseudo-scientific.

Even within one viewpoint there can be widely differing explanations 

given for particular phenomena. While all "creation- scientists" agree that the 

earth is about 19 000 years old, they give very different explanations in the 

extremely difficult task (for them) of r-ving to account for the sequence in the 

fossil record. One would expect from the Literal View, that the fossils would not 

be laid down in any particular order and certainly not from the more primitive to 

the more complex.

Whitcomb and Morris (1961.273-274) give three sorting mechanisms 

purportedly explaining the fossil sequence. All of these involve flood geology. 

One is hydrodynamic sorting. The idea here is that the denser and more 

streamlined objects would have descended more rapidly and should be found in 

the lowest rock strata. Another is termed ecological sorting. The idea here is that 

the inhabitants of low regions would be overcome first by the flood waters and 

will be in the lowest strata. Another is anatomical sorting. The idea here is that 

the leuot mobile animals would have succumbed to the ravages of the flood first, 

and would be in the lowest strata.

Now the interesting thing is that all these positions have been 

continuously, and simultaneously held in spite of the fact that the fossil record 

contradicts them, as Gould (1983) has pointed out, and in spite of the fact that 

they are mutually incompatible. Whales, which are streamlined and marine, are 

found only in the upper strata, contradicting both the first and the second
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explanations. Sloths, which are not known for their mobility arc also found only 

in the highest strata contradicting the third explanation.

An o t h e r  i n t e r e s t i ng  case  o f  d i ve r s i t y  in t h o u g h t  a mo n g s t  

crcation-scientists concerns their attempt to deal with the great distances of the 

stars from this earth. Most stars are more than 10 000 light years away. If the 

earth is only 10 000 years old, our nights should not be very starlit, but they arc. 

One response is that the speed of light has slowed down since the time of 

creation, although not all creationists arc agreed on this (Aardsma 1988). Morris 

(1976 65,66) proposes that the stars were created along with rays of light 

sketching to the earth

Creationism in the twentieth century shows considerable diversity of 

thought. Even within particular viewpoints there is great diversity. Its lack of 

exclusionary convergence suggests that it is a pseudo-science. This is not tc say 

that the pattern of history of creationism is the only indicator of demarcation, or 

that it is ihe root cause of its pseudo-scientific nature. Many other criteria, with 

some success, have been used to evaluate creationism  ( K itcher 1982, 

Root-Bernstein 1983) Rather, its pattern of history is symptomatic of a deeper 

problem. Creationist theories are constrained more by their own traditions than 

by the real world. This has in many cases been quite candidly admitted.

Whitcomb and Morris (1961 :xx) state that one of the purposes of their 

book is to... "examine the anthropological, geological, hydro'^gjcal and other 

implications of the flood, seeking if possible to orient the c'sta of these sciences 

within this biblical framework. If this means substantial modification of the 

principles of uniformity and evolution which tunendy control the interpretation 

of these data, then so be it."



40

M orris says (quoted in Root-Bernstein, 1983) that "no geological 

difficulties, real or imagined, can be allowed to take precedence over the jlear 

statements and necessary inferences of Scripture" (emphasis mine).

Creationists would want to give the impression of being scientific. We 

should not expect this sort of admission to occur often. Occasionally, and very 

revealingly, their attitude to scientific data slips out. In one instance, Morris 

(1966:75-76) reviews an article by a fellow creationist and with disapproval 

says: "One gathers, however, that these beliefs could easily be forfeited if the 

scientific evidence should become strong enough to warrant it.”

It is this type of attitude which has led to the pseudo- scientific character 

of ereationism. I submit that the basic fault of ereationism, of the type that seeks 

to be scientific, is that its theories are constrained by their interpretation of the 

Bible, and are only partially constrained by the real world. As a consequence its 

history shows no exclusionary convergence, and this pattern correctly reveals 

that it is a pseudo-science.
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CHAPTER 3: MULTI-CORNERED TESTING: THE 

METHOD OF THEORY COMPARISON1

Introduction

Disputes in Population Biology often centre on method. In such cases the 

controversy is not so much over what the facts are, but how they should be 

interpreted. What Tauber and Tauber (1977a) take as evidence for sympatric 

speciation, Hendrickson (1978) finds inconclusive. What Mayr (1963:17) takes 

as evidence for the Isolation Concept, Paterson (1981) finds unsatisfactory. 

Paterson (1982) has reported the need "for a more consistent logic if we are to 

reduce dispute and disagreement and improve understanding and comprehension 

in evolutionary biology".

How should we go about science? Philosophers o f science do not have 

a unanimous answer (Oldroyd 1986:370). For some this is not even the right 

question to ask. Feyerabend (1975) says that theie is no such thing as a set of 

inviolable methodological rules. Chalmers (1982:132) agrees. Others (e.g. 

Newton-Smith 19ol, Gower 19hv.; dispute their methodological relativism, i 

will not enter the debate at this level. I will assume that some methods of doin;1 

science are better than others.

There is also dispute over which is better method: whether deductivism 

is superior to inductivism, or even whether these are different aspects of the same 

basic m ethod (Popper i972a:27-33 , N ew ton-Sm ith 1981, Harrd 1972, 

Andrewaith* a..d Birch 1984). Neither will I enter the debate at this level.
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Instead, my main purpose is to sh o v  that within a deductivist 

perspective thL.-e are three distinct procedures. T h ;se  are verificationism , in 

which a hypothesis is supported by seeking to confirm  it; falsificationir,m, in 

which a hypothesis is tested by trying to refute it; and m ulti-cornered testing 

(M C D .in  which rival hypotheses are forced to confront each other''.

Popper has supported falsificationism on the grounds that its underlying 

logic is valid. This is in contrast to verificationism. I will argue that these 

procedures can be evaluated apart from the validity or otherw ise o f  their 

underlying argum ents, and according to how much they tell us. From  the 

perspective o f this criterion, it will be argued that M CT is preferable.

The concept o f M CT is well known to philosophers o f science and 

scientists. The early  G reek philosophers em phasized the struggle between 

a 'T r r e " ' view s (F ey trabend  1970:211). Mill (1910:111,112-114) saw the 

auvai £ o f the "collision o f adverse opinions." Cham berlin (1897) urged the 

use o f  what he called the method o f m ultiple w orking hypotheses rather than the 

m ethod of seeking to confirm  a ruling theory. He was anxious that the scientist 

did not allow one theory to so dominate his m ind that he fail to consider 

alternatives. Kuhn (1962:147) has said that it "makes a great deal o f sense to ask 

which o f two actual and com peting theories fits the facts better." Popper 

(lv72a:32-35 , 1976:149) has em phasized com petition between rivals as a means 

o f testing. In sophisticated meth iological falsificationism , an elaboi ution o f the 

original philosophy by his followers, this is made more explicit (W eimer 1979). 

Lakatos (1970:115) has said that "...tests are - at least - three-cornered fights 

between rival theories and experiment...". Pannenburg (1976:56) and Laudan 

(198 lb: 145) agree that scientific m ethod is. or should be, com parative.

Success in biology is frequently attributed to the use of this method. For 

instance, Platt (1^64) says that the success o f m olecular bioiogy is due to 

hypotheses being allowed to com pete w n1' one another. According to Gould
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(1976) the honey-bee dance- language controversy was only resolved after the 

use o f  this method. D arw in’s success was due, in part, to his com parison o f  the 

relative merits o f Descent with M odification and Independent Creation (Ghiselin 

1969:62-63). Success in the physical sciences has also been attributed to this 

method (Treitel 1987).

However, m ulti-com ered testing has been coupled with discredited notions 

about m ethod in the past, and has been conflated with other methods. My one 

purpose is to show that the concept can stand without these discredited notions, 

and to em phasize the distinctiveness and superiority o f  M CT ever, at least, the 

naive versions o f verificationism  and falsificationism . One reason for doing this 

is to try and bridge the com m unication chasm that exists between the philosophy 

o f science and the practice o f science (Gale 1984V

Towards a criterion for evaluating method

It has long been known that verificationist m ethodology hinges upon an 

invalid argum ent called the fallacy o f affirming the consequent. For exam ple:

i f  X is 3 dog it will have 4 digits on each forelimb.

X docs have 4 digits on each forelimb.

Therefore X is a  dog.

Com pare this invalid argum ent with the follow ing modus tollcns

argument:
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i f  X is a dog it will have 4 digits on each forclimb. 

X does not have 4 digits on each forelimb.

T herefore X is not a do?

Popper based his falsificationism on the grounds that the latter argum ent is 

valid. The problem with this account is that it fails to provide a role for 

confirm ation whereas as Lakatos (1970:115) pointed out: ”... some o f the most 

in te resting  experim en ts result, prima facie  in co n firm a tio n  ra th e r  than 

falsification." In response. Popper (1976) has distanced him self from naive 

falsificationism  arguing that growth in scientific knowledge occurs best through 

com petition between rivals. I reacn the same conclusion by looking at the 

problem  from a different angle; by asking whether the confirm ationist and 

falsificationist arguments can be evaluated apart from the validity/invalidity 

criterion. I think they can.

The first step is to convert the confirm ationist argum ent into a valid one 

by altering the conclusion thus:

If X is a dog it will have 4 aig its on cach forclimb. 

X does have 4 digits on each forclimb.

Therefore X could be a dog.

Since both the m odified confirm ationist argum ent and the modus tollens 

version are valid we can ignore the validity/invalidity distinction and look for 

o ther differences. W hat im m ediately com es to m ind is that the m odified 

argum ent tells us relatively little. It iells us that the dog hypothesis is a
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possibility out o f a finite number o f possibilities, but this is not saying much. 

The modus tollens argument tells us more. W hile it fails to tell us what X is, it 

does tell us that X is not a dog. (We shall see later, however, that at the level o f 

m ethod we canno t conclusively  exclude any a lternative, because o f  the 

possibility o f bringing in an ad hoc hypothesis). The important point is that an 

argum ent need not only be judged by the validity/invalidity criterion, but instead 

by how much it tells us.

T h - falsificationist argument, however, is not the best available. O nly one 

o f perhaps many alternatives has been excluded. A preferable m ethod would be 

one which excluded many An exam ple illustrating the logic o f this method, 

wi.ich 1 will call multi-com ered testing is as follows:

If X is a dog it will have 4 digits on each forv linb .

If X is a  cat it will have 3 digits on cach forcl mb.

If X is a sloth it will have 2 digits on cach fore'im b.

X is eilher a  dog or a cat o r a sloth.

X has 2 digits on cach forclimb.

Therefore X is a  sloih

The logic o f M CT is valid since it includes a premise to excludc all 

possibilities but three. (We shall see later that this premise is unrealistic). More 

interesting than its validity is that the LM argument tells us more than the 

previous two arguments. For o r  the basis o f a single observation (line 5) we 

have excluded 2 alternatives and confirm ed the other.

The feature that distinguishes MCT from the other two argum ents is that it 

is com parative. For naive verificationism and naive falsificationism  the issue is 

whether a particular theory squares with the evidence or not. For M CT the issue



46

is which theory fits the evidence best. This feature is not always made explicit. 

Shaw (1981:37-39) describes the com parative approach under the heading of 

affirm ing th msequent. The argum ent is justified because it is advanced 

against a background o f unstated com peting theories. My contention is that 

greater clarity will result in science if what is left unstated is m ade explicit. I have 

sought to show that m ulti-com ered testing deserves to be considered in its own 

right; it is distinct and better than the other two methods because the underlying 

argum ent tells us more.

The implication of the com parative approach is that there are distinct 

kinds o f  evidence, something which was appreciated by Francis Bacon if not 

earlier (Grunbaum  1976, Losee 1980:65), and recognised today (e.g. G lym our 

1983:14). The one type will be called com mon evidence and will be contrasted 

with discrim inatory evidence.

Common evidence is that kind which is equally favourable to two or 

more hypotheses. For example if we need to identify whether some anim al X is 

a dog or a cat, it does not help to determ ine whether X has fur o r not. 'Presence 

of fu r ' is common to both the dog and the cat hypotheses. 'F ou r digits on each 

fore .im b’, on the other hand is discrim inatory evidence because it would te n d 1 

to favour the dog hypothesis over its rival. Some important principles are 

involved in this distinction:

a) W hat is needed to support a hypothesis adequately is not just the 

amount o f evidence but a certain kind o f evidence. No am ount o f com mon 

evidence will support one hypothesis over its rivals.

b). Com mon and discrim inatory evidence are relative lerms. W hether 

'presence o f fu r’ constitutes com m on evidence depends on the context. In the 

case o f  deciding whether an animal is a dog or a cat, 'presence o f  "ur’ is ccm m on
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cvidencc. If, however, the question is whether an animal is a m ammal o ra  reptile, 

then 'presence o f  fu r’ is discrim inatory evidence.

Unfortunately, as I have intimated, the situation is not so simple. The logic 

underlying M CT is clear and valid. However, as I will show in the next section, 

if one were to attempt to apply the argum ent to scientific practice a num ber of 

difficulties would arise. We shall see that this will force us to modify the logical 

structure o f MCT given above (p.45). The aim is a methodological framework 

more useful for the practicing scientist.

The problet . of additional unforeseen explanations

This difficulty is well known (Ghiselin 1974:4). X in the argum ent above 

could fc€ a camel since camcis as well as sloths have 2 toes on each forelimb. It 

is then unrealistic to limit the alternatives to 3, as statement 4 does in the MCT 

argument above. To solve this problem one could express the argum ent as

follows:

If A | then Bi

I f  A 2 then B 2

I f A n  then B n

Bj

Therefore Aj • verification as N - T 

(As N approaches T, hypothesis Aj approaches verification.) 

where T  = total number o f  possible hypotheses, 

and T  *  oo

N = actual number o f  hypotheses considered.
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Aj, Bj =  particular hypotheses and their predictions4.

Note that the argument remains realistic because it does not dem and that 

N=T, som ething no one would want to claim  certainty about. In so doing the 

argum ent becomes less than valid. It does not claim  that A j is the correct 

explanation, only that the closer one com es to considering all explanations the 

better confirm ed Aj will be. Thus it gives a role to confirm ation without 

dem anding conclusiveness.

The crucial experim ent and M CT share the same basij form  in that both 

involve contests between rival theories and experim ent. M CT differs in that it 

does not pretend that a single test will bring conclusive results. The best we can 

do as Hull (1967) p"?s it. is to aim for ' successive approxim ation" 1 0  the truth.

The problem of ad hocery

A second difficulty, admitted by Popper, is that strict falsification is not 

possible because a "refuted" theory can ^e saved using an ad hoc hypothesis 

(Popper 1972a:42). He therefore distinguished between logic and method. At the 

level o f  m ethod he provided the ruling that we should not try system atically to 

save our theories (Popper 1972a:78-86). The same problem  faces MCT. Even if 

in a particular case one could prove that N=V one could still not conclude that 

one hypothesis has been vindicated over its rivals. In the biological example 

above one could save the dog hypothesis by suggesting that anim al X has had 

two o f its digits on each fore-limb amputated. The problem  arises, as is well 

known, because it is not single statements that are tested in science, but "bundles" 

o f statem ents (Duhem  1968:171-177, Quine 1953:41, Pannenburg 1976:56, 

Kitcher 1982:44, Ariew 1984). In our biological exam ple we are testing at least 

two statem ents together- 'X  is a dog ’ and 'X  has the usual num ber o f toes for the 

species’.
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W hereas Popper says we should not try system atically to save our theories, 

it could be merely stipulated that the hypothesis be subjected to the same kind o f

test:

If X is a  2-toed dog it will have surgical scars, 

r  X is a  sloth it will n o t 

X does noL

Therefore X is a sloth.

Even now the conclusion is not conclusive but at least we have made 

dem ands on the dog hypothecs. It could be saved by the suggestion that the dog 

was bom  with an abnormal num ber of toes.

Despite this, the dog hypothesis is beginning to look rather poor- like 

phlogiston*1 theory. It seems that for one hypothesis to begin to establish itself 

over its rivals, it must be subjected to a series o f independent m ulti-com ered 

tests. The im portance o f  independent evidence is w ell know n (G hiselin  

1969:19-20, Paterson 1982:119). Now X might have been a dog. It is perhaps 

only from hindsight that the ad hoc nature o f this hypothesis can be known. It is 

dangerous to attem pt to say, a priori, how many tests will be required, for a 

theory may be dism issed prematurely. For the same reason, it is dangerous to 

give the ruling that we should not try to save our theories. It is not needed. As 

long as we continually force theories to com pete, the dem ise o f poor rivals will 

inevitably follow.

To indicate the necessity o f a series o f independent tests we can m odify the 

original \ .C T  argum ent thus:
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B11

I f  Aj  then b 12

b im

I f  t h e n  B
B 21

22

B2M

b n i
I f  An then b n2

b nm

B J1 * 8j 2 ’ B j 3 .....  SjM

T h e r e f o r e  Aj  -* v e r i f i c a t i o n  as N ■ *  T wi t h  t M

where Bj j , Bj 2 . . . .  Bj M = M number of  p r e d i c t i o n s  

h y p o t h e s i s  Aj  ( o t h e r  symbol s  as b e f o r e ) .
p a r t i c u l a r

F ig u re  3-1. The structure o f m uld-com cred testing.
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BNM
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Wh6re Bj l »  8j 2 ------ BjM * K number c f  p r e d i c t i o n s  of  p a r t i c u l a r
ny p o t h e s 1 s  Aj ( o t h e r  symbol s  as b e f o r e ) .

F ig u re  3-1. The structure o f m ulti-com ered tesung.
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The problem of universality

The e  is a fourth d ifficulty in applying M CT to sciet.’ific practice. The 

hypotheses in the arguments above are spatio- tem porally sing ilar, i.e. o f  the 

form  'X  is a dog .’ However, scientific hypotheses are ^sne ially  universal 

statements, i.e. o f  the form  ’all dogs have 4 digits on each fore iim b.’ Now a 

single instance can confirm  a spatio-tem porally singu lar statement, but this is not 

so for universal statements. F inding thrt a particular dog has 4 d igits on each 

forelim b does r.ot confirm  the hypothesis that all dogs have 4 d igits on each 

forelimb. A com parative approach to m ethod helps us to deal w ith this problem . 

To illustrate this consider the follow ing arguments:

If all dogs have 4 d igits on cach foreiim b then so w ill X.

X has 4 d igits on each forelimb.

Therefore all dogs have 4 d igits on each foreiimb.

Th is argum ent is clearly invalid. It is always possible that some 

three-toed dog has so far escaped our attention. O ur concern is not w-ith validity 

but with learning as much as possible from  an argument. To this end we give the 

above argum ent a com parative structure:
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If all dogs have 3 d igits on cach forelim b then so w ill X.

If all dogs have 4 d igits on cach forelim b then so w ill X.

If all dogs have '  digits o r. cach forelim b then so w ill X.

X has 4 d igits on cach forelimb.

Therefore ail dogs have 4 digits on each forelimb.

T h is  argum ent is aga in  inva lid . H ow ever, we have ex c lu d ed  tw o 

hypotheses m d  shown that the one is the better o f the three. To convert the 

argum ent into the valid form we can restructure it thus:

If A t then Bi

If A : then B:

If A ] then B j

B,

herefore A, approaches verification

Now ti e argument has a sim ilar form to the one previously, but this 

obscures an important point. There are two senses in which a hypothesis m ight 

be confirm ed and these must be vigorously contrasted. The one is in the inducti 

sense, i.e. each supportive instance increases the confirm ation o f the universal 

statement. This is problematic. Popper ( 1972b:387-395) has argued that sincc the 

dom ain o f a universal statement is infinite no am ount o f ev idence can increase 

the probab ility  o f  the statem ent being true. The second sense in which a 

hypothesis is confirm ed is free from this difficulty. It only takes one supportive 

instance to confirm  the one hypothesis over its rivals. The conc lusion in the

52
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above argum ent uses confirm ation in this latter sense. Th is point has an 

important implication.

It suggests that we should d istinguish between negative and d iscrim inatory 

evidence. Negative ev idence is absence o f ev idence and m ight be thought to 

c^.int aga inst a hypothesis. For instance, a person m ight object to the A 2 

hypothesis above on the grounds that M ongolian dogs have not been exam ined 

and these m ight have more or less than 4 digits on their forelimbs. But negative 

evidence cou ld  just as easily be brought against all rival hypotheses. W hatever 

the value o f  negative ev idence, it has no value for deciding between rival 

hypotheses. For this purpose we need discrim inatory evidence.

The problem of tv  mplementarity

It sometim es happens that two hypotheses, initially thought to conflict, 

come to be accepted as com p lem entary rather than contrad ictory6. Th is should 

not, I th ink, deter us from  apply ing MCT. Evidence that tw o apparently 

conflicting hypotheses are noi m utually exc lusive would be prov ided by the 

failure o f the one hypothesis to establish itself over another, after a series of 

m ulti-cornered tests. It is not easy to tell a priori whether two hypotheses are 

ac a  ally conflicting. They may integrate at a point higher than our present level 

o f understanding.

The problem of the theory dependence of observation

The logical positivists thought that observation preceded theory. Several 

ph ilo sophers o f science have argued  that observa tion  alw ays requ ires a 

theoretical fram ework (Kuhn 1970b:242, Popper 1970:51). Popper (1972a:47) 

says that these theoretical frameworks are them selves gu ided by observations, 

but these observations are in turn guided by a fram e o f  reference. The

i
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relationship between observation and theory seems to be com p lex (Chalmers 

1 9 8 2 :2 2 -3 4 , N e w to n -S m ith  1 9 8 1 :1 9 -4 3 , W eck e rt 1986) in v o lv in g  a 

self-correction  process (Hesse 1980:108). A good way o f  describing this 

relationsh ip is to say th observation and theory are interdependent (Sparkes 

1981). A case for interdependency can be made by refem r.g back to the 

biological exam ple o f an MCT argument:

If X is a dog it will have 4 d igits on each I'orclimb 

If X is a cat ii will have 5 d i^ iis on each forelim b 

If X is a sloth it will have 2 d igits on each forclinib 

X has 2 d igits on each forolim b

Uiereforc it is a  sloth.

The first three statements can be d ivided into two parts: the hypothesis and 

the prediction. The fourth statem ent is an observation statement. It is quite easy 

to dem onstrate that theory precedes observation from  this exam ple. The 

observation (statement 4) only com es after the hypotheses and their predictions 

have been made. This is so because we need the hypotheses and predictions to 

tell us what to observe- ’num ber o f d ig its’ rather than ’co lour o f X ’ (say).

This biological argum ent can also be used to dem onstrate the sense in 

which observation precedes theory. O ur hypotheses are not w ild guesses. They 

have em erged from some unstated observations (;jid  theories). Note tnat the 

possibility o f X being a snake or an earthworm  is not even considered. W hy? 

Becausc we have already observed that X has fur and limbs which snakes and 

earthw orm s do not have. The test was begun w ith the exc lusion o f  certain 

hypotheses; this was done on the basis o f  previous observation and theory.
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We have seen the sense in which the observation statem ent (line 4) is d e­

pendent on theory. But this can be exaggerated. The observation statem ent is 

also subject to the dictates o f the real world. (I am assum ing the ex istence of 

such a thing). One cannot count more digits than there are. The interrelation­

ships between theory, observation and the real world are dep icted in figure 3-2



F ig u re  3-2. The relationship between observation, thcorv and the real 

world.



57

The problem of the status of basic statements

An exam ple o f  an observation statement or basic statem ent is ’X has 2 

d igits on each forelim b’. It is on the grounds o f a basic statem ent that one 

chooses between alternative hypotheses. Its status then is very im portant. Popper 

(1972a: 105) claim s that basic statem ents can never t  justified. They have the 

character o f  dogmas. Acceptance of them is a m atter o f convention. In order to 

legitim ize the use o f  basic statements in theory choice, Popper has prov ided 

certa in  m ethodolog ical rules. Exam ples are: "If accepted basic statem ents 

contrad ict a theory, then we take them as providing sufficient grounds for its 

falsification only if they corroborate a falsifying hypothesis at the same tim e” 

(Popper 1972a:87). "We should not accept stray basic statements- i.e. logically 

d isconnected ones- but we should accept basic statements in the course o f testing 

theories" (Popper 1972a: 106).

Newton-Sm ith (1981:63) considers P opper’s attempt to legitim ize the 

use o f basic statements in theory cho ice to have failed. He argued that under the 

Popperian scheme, acceptance o f basic statements are arbitrary decisions. No 

matter how many basic statements one accepts, the collective decision is still 

arbitrary.

For Deutscher (1968) P opper’s non-justificationist stance o.i basic 

statements means that scientific theories could never actually be falsified. He 

says that for a theory to be falsified we must know or have good reason to believe 

that a basic statement is true; what we need is justified or at least partially 

justified basic staternen s.

The earlier claim  that there is a sense in which observation is theory 

dependent cccms to support a partial justificationist account o f the status o f  basic 

statements. I cannot develop the theme here, but let me suggest the possibility 

that the status o f basic statements lies somewhere between being dogm as and 

being justified; that they are indeed not justified because they are theory
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dependent, but neither .ire they dogmas because they are subject to the dictates o f 

the real world.

Have we supplied basic statem ents w ith enough cognitive weight to 

legitimize th r ir  use in theory choice? Science has been described as a negative 

feedback system (Sparkes 1981:157). It is one o f  the properties o f  such a system 

that it can tolerate imperfections bccsuse it is self-correcting. If this is so, then it 

suggests that science can work w ith less than justified bas ir statements, as long 

as they are better than dogmas.

Conclusions

My aim  has been to show that three basic procedures can be d istinguished 

w ithin a deductivist pcrspec' this is not apparent if the argum ents underlying 

these procedures are eva lua ted  only according to the valid ity /invalid ity  

distinction. This was nectssary because these procedures have been conflated in 

practice. M CT is distinct because it is com parative. O f the three, it is preferable 

because it tells us the most.

It seem s adv isable to coup le the follow ing w ith th is approach: the 

recognition that a m ulti-cornered test does not produce absolutely conclusive 

results; a reliance on a series o f  independent tests; at. em phasis on the 

interdependency between observation and theory and the recognition that basic 

statements are higher than dogmas.

In the next section, I divide M CT into several steps as a guide to its

application in science.
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A pply ing M C T

The follow ing steps are suggested:

1. Recognize com m on evidence.

2. Define the alternative hypotheses distincdy.

3. Develop m ulti-com ered predictions from the alternatives.

4. Decidc between the alternatives on the basis o f discrim inatory evidence.

Step 1 involves adm itting that whereas in the past a particu lar body o f data 

had been used to support a single hypotheses, it is in fact consistent w ith two or 

more hypotheses. This is, in fact, always a possibility. Ph ilosophers o f science 

agree that "more than one theoretical construction can always be placed on a 

given co llection o f data" (Kuhn 1962:76). In step 2 the hypotheses are distinctly

defined such that H i * H ; * ....... Ha. Th is is an important step in that it makes

testing between the alternatives possible (Pannenburg 1976:67). Paterson (1981) 

has drawn attention to the fact that the failure to appreciate the difference 

between d ifferent species concepts is a m ajor problem  m aking the testing ot

hypotheses very difficult. In step 3 predictions such that P i *  P2 f e ...... Pn are

m ade fro m  these h yp oth eses. In s tep  4 the d is c r im  a to ry  e v id e n c e  

corresponding to a particular prediction Pj is used to < djuQ;cate between the 

original hypotheses.

It m ust be noted that this sequence is somewhat artificial since the steps are 

dependent upon one another and not necessarily in the order given. For example, 

in clarifying an hypothesis it may become evident that it actually consists o f two 

m utually exclusive hypotheses. Loehle (1987) says that a period of theory 

m aturation is needed to determ ine the consequences o f a theory. Note too, that 

the steps given above are for a single multi- cornered test. In an actual research 

program m e a num ber o f these tests may be run concurrently.
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Noles

1 The core o f this chapter was published in Anderson (1987).

2 More soph isticated versions o f verificationism  and falsificationism  

involve com petition between theories. The contrast here is between M CT and the 

naive versions.

3 I say tends to because of the possibility o f ad hocery. Som e evidence 

initially thought to be d iscrim inatory can be made consistent w ith a rival through 

the addition o f  an o i  hoc hypothesis.

4 or (loosely) deductions. I do not necessarily mean pred ictions in the 

forward-looking sense.

5 According to this theory, a substance called phlogiston escapes from 

metal w henever it is com busted. Later Lavo isier showed that metal weighs more 

after com bustion and not less as was expected from  phlogiston theory. Some 

attem pted to save the theory by suggesting that it had negative weight (Hempel

1966:29-30).

6 The c lassic case is quantum  field theory, in which the wave and 

particulate natures o f light are resolved as com p lem entary hypotheses in a single 

theory (W hitehead 1926:213-214, G ardner 1981).
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CHAPTER 4: METHODOLOGY AND THE SPECIES 

PROBLEM

In tro d u c tio n

Species biology is known for its polem ics and pluralism  to the point that 

Paterson (N 8 1 ) has called for the exam ination o f  the foundations o f  species 

biology. He wrote that "... in science, inadequate concepts and inconsistent logic 

often lie at uic .root o f  disputation and d isagreem ent." Th is chapter is written in 

the belief that as M ayr (1976a:500) put it "the species problem  is a topic where 

productive co llaboration between philosophy and em p irical biology is possible." 

The main object will be :o evaluate the actual practices o t biologists according to 

the criteria established in chapter two. In addition I hope to show that the 

problem  o f pluralism  in species biology can be avoided through apply ing the 

m ulti-com ered method; and to suggest further m ethodolog ical principles o f 

benefit to species biology.

The field is a large one. I cannot hope to d iscuss all the definitions o f 

species given in the literature. This project will be restricted to the three major 

concepts found in the literature under the assumption that if  the normative 

m ethodolog ical principles apply to these they will apply universally. First, I will 

describe these concepts.

Thi ajor species concepts

M ayr (1976a) has d istinguished between the M orphological and the 

B iological Species Concepts. According to the M orphological Species Concept
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"a species is a group o f individuals or populations with the same or sim ilar 

morpholog ical characters (M ayr 1942:115, 1976c)." The B iological Species 

Concept in contrast is gen.tical, species are defined in terms o f the ir biological 

characteristics such as reproductive isolation and interbreeding. Paterson (1981) 

describes two quite d istinct genetical concepts:

a) The Isolation concept: Species are groups o f natural populations 

reproductively  iso lated from  other groups. Paterson calls th is concept a 

relational one because the species is defined w ith reference to other species.

b) The Recognition concept: A species is "that m ost inclusive 

p o p u la tio n  o f  in d iv id u a l b ip a ren ta l o rg an ism s w h ich share a com m on 

fertilizanon system" (Paterson 1985). This concept is genetical but not relational. 

O riginally Paterson’s concept read: "m embers o f a species share a com m on mate 

recognition system." The mate recognition system is a subset o f the fertilization 

system. As a consequence the later definition is more general.

I turn now to the evaluation of m ethod in species biology. The m ethod 

used by biologists will be com pared to the steps involved in the m ulti-com ered

approach.

Step 1: Recognizing common evidence

M a y  (1963:31), although he did not use this term , noted that 

proponents o f the morphospecies concept relied on com m on evidence. He 

describes how the concept is typ ically  justified : " ...natural populations 

considered by general consent to be species are m orpholog ically  distinct. 

M orpholog ical d istinctness is thus the decisive criterion  o f  species rank. 

Consequently, any natural population that is m orpholog ically d istinct must be 

recognized as a separate species (Mayr 1963:31)."

t
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Dobzhansky (1951:261-2) agrees that this is the way the concept is 

supported: "there has been no shortage o f attempts to define a species. The iack 

o f morphological intergrades between species .... has frequently been depended

upon..."

In simplified form the argument is:

IT the morpholog ical species concep i is prim ary ihcn speci-s wou ld be 

found lo be m orpholog ically distinct.

Species are it fact found to be m orpholog ically distinct.

Therefore the morpholog ical species concept is primary.

M ayr brings out that the conclusion is fallacious because it overlooks 

the stnctly  secondary role o f m orphological differences. The primary criterion of 

species rank o f a natural population according to him  is -^productive isolation. 

O ur m o'uholog ists arg 'im ent is inadequate because it fails to consider the 

possibility o f an alternative and more primary concept equally accounting for the 

m orpholog ical d ifferences between species. In other words, morphologic::! 

distinctness is not recognized to be com mon evidence.

It is interesting that, while M ayr rejects the m orphospecies concept he 

rsc s  the same fallacious argum ent to support the Isolation Concept. The 

underlying theme is the obvious match between this concept and the observation 

that species are reproductively isolated. In the follow ing quotes we w ill find that 

reproductive isolation, which, from the perspective o f  the multi- cornered 

approach is com mon evidence, is taken as supporting the Isolation or Biological 

Species Concept.
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M ayr (1963:316) writes that "... the term species signifies a very 

definite m utual relation between sympatric popu lations .... nam ely that o f  

reproductive isolation."

Ar.d:

"...This striking discontinuity between sym patric popu lations is the 

basis for the [biological] species concept in biology" (M ?yr 1963:17).

And again:

"Indeed the most characteristic attribute o f a species in such a 

non-dim ensional system is that it is separated by a gap from  other units in the 

system. The gap that surrounds a species is the core o f  the species concept" 

(M ayr 1963:! 8).

Although it is variously expressed, the underlying argum ent is the same:

If the Isolation C oncept is prim ary then species would be found to be

rcproducUv^ly isolated.

Species are in fact reproducUvely iso lated from other species.

Therefore the Isolation C oncept is primary.

W hat is interesting about this argument is that it is not multi-cornered, 

rhe possibility that reproductive isolation is com mon evidence, and that there is 

an alternative hypothesis (e.g. the Recognition Concept), that cou ld  equally 

account for this evidence is not considered. In the next section I assess whether 

spccies biologists have practiced the second step in m u lti-com ered testing.
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O f course, both genetical concepts o f  species predict that there will be a 

lack o f intergrades between species, so that this is com m on evidence.

Step 2: Distinctly defining the alternatives

This is an important step in the m ulti-com ered approach. Before one can 

adequately test between alternatives it is necessary to d istinguish clearly between 

them. Attention has been drawn to the fact that the failure to appreciate the 

difference between d ifferent species concepts is a m ajor problem m aking the 

testing o f  hypotheses very d ifficult (Paterson and M acnamara 1984). Elsewhere 

Paterson (1981) writes: "Concepts o f species are found in two distinct fields o f 

biological endeavour , Taxonomy (the science o f classification), and Population 

Genetics. In both these fields distinct concepts are used and their conflation is a 

major sourer o f confusion". M ayr (1976b:485) says that "after a thorough study 

o f most o f the literature on this subject I have come to the conclusion that the 

disagreem ent is due to the fact that there are in ex istence not merely one but 

actually  three entirely  d ifferent species concepts. All past argum ents and 

d isci'ssions have suffered from the fact that an author has often cham p ioned one 

of the concepts against the others or has wavered between two o f these w ithout 

realizing i t"

Judging by the am ount o f conflation occurring in the literature it is

necessary to ask w h ither step 2 has been practiced by species biologists. The 

question is whether the various species definitions in the literature have been 

adequately delimited. First, it will be necessary to d iscuss some normative 

principles on the subject o f defining. To begin with a simple case, my object will 

be to answ er the question 'how  should we define go ld?’ Now gold  is a 

spatioiemporally unrestricted class, whereas it has been argued that species are 

individuals, i.e. spauotem porally localized entities (Hull 1976,Ghiselin 1974). 

Despite this difference I w ill argue that many o f  the principles derived from the 

sim pler case can be carried over to the species problem, even if they have to be

< « ■**> 1



appropriately qualified. In particular, it will be argued that species definitions 

should be based or. that characteristic considered to  be the m ost important

biologically.

Normative principles in defining

According to the traditional theory o f m ean ing it is the conjunction of 

properties associated w ith a term that determ ines the set o f  all those entities to 

which the term correctly applies (Kripke 1977). For ’go ld’ the properties are 

yellow, heavy, fusible, etc. Anything which has these properties is gold. The 

in tension  o f  the term  is sa id to determ ine its extens ion . T h is theory is 

problematic.

One can imagine the possibility that a substance has the properties 

normally associated w ith gold and yet not be in fact gold. The substance cou ld be 

tools gold. TK ' traditional theory o f m eaning would dem and that we regard it as 

gold. There are several possib le responses to this problem . K ripke (1977) 

suggests o n e 1 Another would be to enlarge our list o f properties so as to exclude 

fools gold. The {. ob*f m here is that our definiti< o f  go ld is likely to become 

unw ieldy. A third possibility which w ill be explored here is to distinguish 

between superficial and underlying properties o f gold, and to use the latter in 

defining. W ithin the trad itional theory o f  m ean ing then, it is possib le to 

distinguish two ways o f defining.

Two ways of defining

a) Gold could be defined in terms o f its superficial properties, e.g. its 

colour, fusibility etc. or

b) Go ld could be defined in terms o f  its underlying properties, e.g. its 

ato.nic structure (indicated by its atom ic number).
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Got tom ic structure and superficial properties can be placed along a 

causal chain, lit t  'm ic structure of gold determ ines its chem ical properties. 

Gold is yellow be o f iu  partic ur atom ic structure. We do not want to say 

it the other way rouuc ‘Hat gold has iu  atom ic structure because it is yellow. 

The ie is, then, a particular dn cr'ion  of causality. This can be represented thus:

Atom ic Direction Chem ical 

structure o f causautv properties

------------------------------------------ >

The methods o f defining given immediately above are based on

u.::-TT-nt events in the causal chain. To define in terms o f superficial properties is 

to — tine in terms o f effects. To define in 'erm s o f underlying properties is to 

d< ^ie in terms o f causes. The two methods will henceforth be called ’defining 

by .-u ses and 'defining by effects’. In the next section, these two m ethods will 

be evaluated. The criterion that will be used is universality. It is generally agreed 

th.. u n iv e rs i ty  is an important requirement for a law to be properly called 

scientific. Let us consider each method in turn.
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Defining by effects

To determ ine how universal a definition is, it is necessary to express it 

in term s o f a conditional. A conditional is a statement which allows one to speak 

of potential as opposed to actual events. The conditional would be: ’if  V  has E l, 

E2 . E 3 .........under condition C it is B ’ where E i-En are superficial properties.

To test for universality we substitute potential cases and determ ine if  the 

sta tem ent w ould  hold true i”*der all poss ib le  cond itions. U nder certa in  

circum stances, such as absolute zero temperature and the absence o f  light, a 

sr.bstance m ight have the atom ic structure and yet would not have the external 

properties normally associated with it. A lso, a substa ice m ight have superficial 

properties o f gold and yet not be in fact gold. The substance cou ld  be fools gold. 

Defining by effects does not satisfy the requ irem ent o f universality.

Defining by causes

The conditional here would be :’if  V  has U i, U2 , U 3 .....under condition

C it is B ’ where U i-U n are underlying or causal properties.

Definitions o f this form do satisfy the requirem ent o f universality. There 

is no conceivable instance where x would have atom ic num ber 79 and yet not be 

gold. It makes no d ifference what conditions are specified. The conditional 

would still hold true under conditions o f  absolute zero tem perature and no light.

In general, there is a connection between the degree to which a 

def in itio n  has been fo rm ulated  using  causes ra the r than effec ts and its 

universality. Since universality is a requirem ent o f  scientific laws, definitions 

derived from  causes are preferable.

W hat about definitions that include both cause and effect? For example, 

’anything which is yellow, heavy and has atom ic num ber 79 is g c id .’ The

*•
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definition then becom es long and com plicated, and implies that all these 

properties are equally  significant. Tt seem s reasonable to  stipu late that a 

definition be in term s o f that property which is deem ed to be most significant.

Another reason why definitions by causes are preferable is that they are 

better cand idates for dealing with the ontological rather than the ep istem olog ical 

question. We do not want to say that what makes an item a m em ber o f the class 

o f gold items is its colour, fusibility etc., even though these are useful indicators 

o f an item ’s true identity. It is more plausible to say that what makes an item a 

m em ber of ths class o f gold items is its atom ic structure.

From classes to individuals

A num ber o f principles have em erged out o f the above discussion. 

D efinitions should be based on causes rather than effects and should be 

ontological and universal. It is not clear that these can be applied to the species 

problem. The difficulty is the nature o f species. Some have said that species are 

sets or classes (Gregg 1950, Burma 1976, K itcher 1984) and not individuals 

(Bernier 1984, Ruse 1987). Many believe that species are individuals (Ghiselin 

1°74, Sober 1984) and because they are individuals they do not have essences 

(Hull 1978, Gh elin 1969, 1984) and thus "cannot be defined at all" (Hull 1976). 

O thers te.g. K itts 1983) have agreed that species are individuals, but claim  that 

despite this, they do have essences (in the Aristotelian not Platonic sense). In this 

discussion I am going to follow K itts and assume that species do have an essence; 

and that they should be defined in terms o f that essence.

It must be stressed that do ing so is not to fall into typological thinking. 

W hether rep ioductive isolation or a com mon fertilization system is the essence 

o f species, these are properties o f populations not individuals.
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Furtherm ore, even if species do not have essences, this does not mean 

we have to throw out ail o f the criteria above. Instead of dem and ing that 

definitions be ontological it could be merely stipulated that they be based on 

those characters which are most directly sym ptom atic o f  species. Hull (who is 

not an essentialist) agrees that "species must possess theoretically significant 

properties" (Hull 1984:111). It seems reasonable to stipulate that a definition 

must be in terms of these properties, even if  we do not take it to be a definition in 

the traditional sense.

He says further that "... there is a close connection between the 

theoretical significance and support o f counterfactual claim s." M ost would 

agree, then, that definitions if not ontological should be at least the most directly 

sym ptom atic o f species, and should be universal. This, we shall see, is enough to 

adjudicate between the various species concepts.

Species concepts and definitions: a.i evaluation

My purpob. will be to evaluate various species definitions according to 

the criteria established in the previous section. The need for this is ev ident from 

E ldredge’s (1985) com ment on the species problem in this context. He felt that 

"most d iscussions of the "species problem" have really been addressed to the the 

e p is te m o lo g ic a l p ro b lem s o f  sp ec ies re c o g n itio n  an d  have led  ra th e r  

autom atically to the conclusion that there are d ifferent "sorts" o f species. Most 

such d iscussions never really address the core ontological question: Just what if 

anything is a species?" My concern w ill not be v/ith the truth or falsity o f  the 

definitions as such. This question will be left for later. Indeed I want to argue that 

unless species definitions conform  to certain rules it is difficu lt if  not impossible 

to test ihem. One definition o f the B iological Species Concept is "species are 

groups o f interbreeding natural populations that are reproductively isolated from 

other such groups (M ayr 1969)." The important point about this concept is that it 

treats tw o events in the speciation process, interbreed ing and reproductive



isolation, as if  they were at the same causal level- us if they were o f the same 

importance. He has not separated out which o f the two features he considers to 

be definitive, o r at least the most directly symptomatic, o f species. This will not 

do. If the criteria established in the previous section are norm ative, M ayr m ust 

decide which event he takes to be prior and base his definition on that. If he 

believes isolation to be primary then he m ust give his definition as: species are 

natural populations reproductively isolated from  other such groups.

As the definition stands it is am biguous how the ’a re’ should be read, le  

cou ld mean that reproductive isolation and interbreeding are the definitive 

characteristics o f the species in the same way that go ld’s atom ic structure is the 

definitive characteristic o f this metal. Or he cou ld mean that reproductive 

isolation and interbreeding are properties o f  the species as yellow and fusibility 

are to gold. If one is on ly concerned w ith practicality, there is no need to 

d istinguish between underlying and superficial properties, so one would include 

a litde bit o f everything in the definition. M ayr sometimes seems to take this line. 

He w rites ( 1976c:484 ■: "a successful definition should not lay too much stress on 

any o f the above listed criteria [morphological characters, genetic distinctness 

and lack o f hybridization].” O f the biological Species Concept he says: "such a 

definition is applicable in practically all difficult cases o f  bird taxonom y" (M a'T  

1976c:484). Yet he still m a inta ins, som ew hat inconsistently  I th ink, that 

"reproductive isolation is the most important qualii- ? f  the species" and that 

"reproductive isolation always remains the primary criterion" o f  species rank 

(M ayr 1957:381).

The trouble w ith M ayr’s definition, then, is that it is too broad. Paterson 

puts it this way: "The term B iological Species Concept ;s not very descriptive - 

it’s too wide. All g^netical concepts o f species are equally biological" (Paterson 

and M acnam ara 1984). He went on to say that when the concept is used it 

conflates two sometimes three different concepts o f species.
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Including both cause and effect in the definition makes it em p irically 

untestable. For, no-one denies that interbreeding and reproductive isolation are 

characteristics o f species. If this is all that is meant, then the definition cannot be 

pitted against any other definition.

O ther definitions f  species suffer sim ilar problem s. F or exam ple, 

L ittlejohn (1981:319) gives Uie follow ing overly broad definition which he 

adm its is lengthy. It begins: "A biparental species consists o f a set o f  sim ilarly 

adapted individuals, the members o f which can com bine genetic inform ation 

through sexual reproduction." A description follows o f the m echan ism s which 

are supposed to allow the individuals to com bine genetic inform ation.

M ayr (1976c) has also given an expanded definition o f  species. From 

the perspective o f the normative principles d iscussed above the shorter definition 

is better. The expanded definition reads: "A species consists o f  a group of 

populations which replace each other other geographically or eco log ically and of 

which the the neighbouring ones intergrade or hybridize w herever they are in 

contact o r which are potentially capable o f do ing so (with one or more o f the 

populations) in those cases where contac; is prevented by geograph ical or 

ecological barriers." This definition is less adequate because it includes three 

events which are at d ifferent causal levels - replacem ent, hybridization and 

isolation. The result is a broad and unnecessarily com p licated definition.

I submit that definitions should not be merely practical; simply 

concerned w ith the problem s o f species identification. Instead they should 

attempt to address the question ’what is a species’. Definitions should make the 

claim  that some single characteristic is the primary or definitive one.

Consider the Isolation concept. One way the Isolation concept m ight be 

interpreted is: "species are reproductively isolated from other species." As it 

stands this version o f  the Isolation concept is com patible w ith the Recognition
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