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Evolutionary biology is distinctively for- 
ward looking or ‘teleological’ in its wag of 
thought. In this, it distinguishes itself from 
the physical sciences. One can ash for the 
purpose or function of the stegosaur’s 
fins. One would never ask for the function 
of a planet. Many, including biologists, 
worry that such teleology is an unhappy 
legacy of a Christian past. A/though tele- 
ologg does have its roots in pre-evolutionary 
thought, there are good reasons why it has 
persisted, and there are equally good 
reasons why it should be cherished. 

Metaphors abound in evolution- 
ary biology - as do their critics. For 
every evolutionist who happily dis- 
tinguishes between levels of selection, 
who works out the mathematics of 
adaptive landscapes, or who traces the 
tree of life, there is a critic who 
grumbles that the struggle for exist- 
ence is rarely a struggle or for 
existence’, that natural selection is 
either tautological or theologica12v3, 
and that genes are never, ever 
selfish4. 

Prima facie this unease - specifi- 
cally singling out evolutionary 
thought - seems misplaced and 
unfair. Physicists are just as free 
with their metaphors as are biol- 
ogists. Such hallowed notions as 
force, work, power, attraction, all 
had their beginnings in metaphoric 
transference from the world of 
human thought and action. Yet it is 
not difficult to see a major reason 
why evolutionary thought and 
language disturbs. Unlike the world 
of the physical scientist, the world 
of the evolutionist is thoroughly 
drenched in the anthropomorph- 
ism of intention5. It is true that in 
the 19th century Sir David Brewster 
suggested that the moon exists in 
order to light the way home of lonely 
travellersb, but no physicist would 
use such language today. In biol- 
ogy, however, especially evolution- 
ary biology, this kind of talk is 
commonplace. One asks about the 
purpose of the fins on the back of 
Stegosaurus’, one delves into the 
function of the bird’s feathers8, and 
depending on one’s sources one 
learns that the Irish elk’s antlers did 
or did not exist in order to intimidate 
rivals9. 

Why does this forward-looking, 
‘teleological’ language bother any- 
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one? Even biologists are troub- 
ledlo, to the extent that they often 
try to hide their thought behind 
new language like ‘teleonomy’“. 
The American philosopher Ernest 
NagelI* pinpointed one of the most 
unfortunate implications, namely 
that of the ‘missing goal-object’. 
Suppose you hear a sharp sound 
and want to find out the cause, If I 
tell you it was a banging door, then 
there is an end to it. The door 
banged. You heard the sound. Sup- 
pose now you want to know why 
men have testicles and I give you 
the (correct) answer that males 
have testicles in order to reproduce, 
or testicles serve the end of re- 
production. But consider the case 
of two identical twin Catholic 
brothers, one of whom becomes a 
priest and the other a father of 
eight. Surely you want to say that 
their testicles have the same or 
identical causes, yet how can you 
say that they exist in order to repro- 
duce when the one brother remains 
celibate and his testicles never 
lead to offspring? 

Apparently there is something 
rotten here. With teleology, pre- 
cisely because it is forward looking, 
the missing cause is always a 
possibility. The function might go 
unfulfilledi3. This, of course, raises 
a question. Assuming for the mo- 
ment that the critics’ point is well- 
taken, why does biology embed a 
mode of thought that leads to such 
paradoxes? The answer, as so often 
happens, lies with the Greeks. It 
was they who set the whole of sci- 
ence off on a teleological mode, a 
mode from which physics escaped 
in the 16th and 17th centuries but 
which apparently still plagues 
biology14. 

In fact, there were two strands of 
teleology, both of which persisted 
for many yearsl5. First, there was 
the Platonic ‘external’ version of 
teleology. Going back to the 
Timaeus, the world - the organic 
world particularly - is seen as an 
objective of design, namely God’s 
design. For this reason, organisms 
look like artifacts, and for this 
reason (in the opinion of the Pla- 
tonist) forward-looking language is 
appropriate16. Artifacts do have 
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goals and ends: you can ask what 
the telescope is for, and you can 
likewise ask what the eye is for. 

Secondly, there was the Aris- 
totelian ‘internal’ version of tele- 
ology. Going back to De Anima, the 
world - the organic world particu- 
larly - is seen as being infused with 
spirit or ‘soul’. This life force, or 
rather the individual life forces of 
individual organisms, seek out 
ends, just as do conscious human 
beings. Hence, for this reason (in 
the opinion of the Aristotelian) 
teleological language about 
strategies and so forth is entirely 
appropriate17. 

At once, argue the critics, we see 
that teleology is an unfortunate 
vestige of our past. Countering ex- 
ternal teleology, for all that 18th 
century natural theologians like 
Archdeacon Paley18 thought God 
designed the living world, Charles 
Darwin showed in the Origin of 
SpeciesI that all is the end result of 
a slow process of evolution, pri- 
marily through the causal agency 
of natural selection. Countering 
internal teleology, for all that 20th 
century ‘vitalists’ like Hans 
Driesch*O and Henri Bergson*’ have 
given organisms life forces - ‘en- 
telchies’ or ‘clans vitaux’ - mechan- 
ists down to today’s molecular biol- 
ogists have shown that life consists 
of inorganic building blocks, no 
more and no less**. 

It is the conclusion of such critics, 
therefore, that teleology should be 
eliminated. 

Modern analyses 
Unfortunately, such biological 

house-cleaning has proven uncom- 
monly difficult. Often, paradoxi- 
cally, even the severest critics slip 
into teleological language ‘for the 
sake of convenience’23. Perhaps, 
therefore, it is better to seek an 
up-dated, non-troublesome analy- 
sis of teleology - one that ac- 
knowledges a role for teleological 
thought, that allows function-talk, 
but that does not suffer from the ills 
of traditional positions. 

In the opinion of many, it was 
developments in the last war that 
pointed the way forward. Given the 
growing success of cybernetics, 
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they thought that the secret to tele- spective28. Perhaps, therefore, the 
ology lies in the ‘goal-directed’ en- teleological language of biology 
gines of destruction that the con- translates simply fin modern biol- 
flict had produced24. Consider a ogy) into normal causal claims 
torpedo: it might be made simply about natural selection. There is no 
to churn through the water, or it need to worry about the unfulfilled 
might be more sophisticated, pro- function of the priest’s testicles. 
grammed to respond to a moving They are the end-product of natural 
target, correcting its path as appro- selection, just like his brothers. And, 
priate. Surely here we have a kind what this means simply is that those 
of end fixation, yet with none of the of the brothers’ would-be ancestors 
conceptually unhealthy conno- who had bigger and better testicles 
tations of traditional teleology. survived and reproduced in life’s 
Could this not be a model for struggles, and those that had not 
organisms - a forward direction did not. Ancestors, testicles and 
without either design or vital struggle were all in the past. 
forces? The missing-goal-object problem 

Biologists and philosophers alike vanishes. Yet, at the same time 
endorsed this approach’ 2. They we continue to highlight and pro- 
argued that what made teleological vide understanding to that which 
language appropriate - although, so fascinated pre-evolutionary 
admittedly, in traditional terms thinkers29-3r. 
the understanding was quasi- 
teleological - was the fact that 
organisms, unlike inorganic objects, implications and queries 
are goal-directed or ‘directively It is an analysis along these lines 
organized’. Yet many, including the that is today favoured by most phil- 
late C.H. Waddington25, doubted osophers and philosophically 
that this approach was entirely on minded biologistsrl.32. They allow 
track. Properties akin to the direc- that teleology and its language has 
tive organization of the torpedo are a place in biology, but they deny 
certainly generally, if not always, that this is troublesome. Teleology 
possessed by organisms. But is it has shifted its meaning and focus 
these that one is talking about from its pre-evolutionary form, and 
when one uses teleological lan- now indeed centres on the key 
guage? Suppose one explains the mechanism of change. Never- 
colour of a bird in terms of mate theless, the suggestion that the 
attraction - the purpose of the bright teleology of biology rests on adap- 
feathers, etc. It may well be that the tations produced by natural selec- 
bird itself has a built-in flexibility - tion raises a number of questions, 
perhaps if one insect source dries some of which must be raised and 
up, it can switch to another. But the discussed. 
wing colour itself may be unchange- First, even if we grant the key 
able. If it attracts a new predator, role of natural selection, why does 
the bird might simply get eaten the teleology persist? Why not 
and become extinct, which all speak simply of the past effects of 
rather suggests that the goal- natural selection, of the adap- 
directedness of the bird is irrel- tations produced, and have done 
evant to that which leads us to with it? Why continue with the 
speak of wing colour in teleological forward-looking mode of thought? 
terms26n27. Are we not still saddled with an 

As Waddington pointed out, the out-dated metaphor, namely the 
man’s testicles and the bird’s wing metaphor of design? We continue 
seem to be adaptations, whereas to think of organisms as if they were 
goal-directedness talks about artifacts, even though we now know 
adaptability25. Perhaps the clue to that they are not. It was appropriate, 
the use of teleological language lies although mistaken, to use teleo- 
in the former, not the latter. This logical language when we thought 
would certainly fit well with history, that God was the Designer. It is 
for we know that Darwin - who was inappropriate and mistaken to use 
one of the worst offenders when it teleological language when we 
came to teleological terms - picked know that natural selection does 
up on the significance of adap- the work - or so complains the 
tations from Paley, who made them critic. 
central to his theological per- There is probably no ultimate 

response to this objection - 
metaphors in the last resort are a 
matter of taste - but we can give 
good reasons why the design lan- 
guage has persisted. Organisms, 
unlike planets and particles, really 
do look as if they were designed. 
Organisms may not be God’s arti- 
facts - or if they are, even Christians 
now agree that they are so only at a 
distance - but they are artifact-like. 
The eye is like a telescope. The 
heart is like a pump. (So much so, 
in fact, that students have great 
difficulty in seeing that calling the 
heart a ‘pump’ is not strictly literal - 
at least, it was not when Harvey first 
did it.) Natural selection makes 
for organization and functioning. 
Hence, teleological language 
comes naturally33. 

Why natural selection makes 
organisms design-like is a much 
more difficult question to answer - 
at least, it is if you take it in some 
ultimate sense and not as a specific 
question about a specific instance. 
Perhaps the 18th century (pre- 
evolutionary) Scottish philosopher 
David Hume34 had correct insight. 
He pointed out that unless organ- 
isms were design-like, and that in- 
cludes us, then nothing would work 
and there would be no one around 
to ask questions like: ‘Why are 
organisms design-like?‘. In other 
words, we have at work here a ver- 
sion of what cosmologists today call 
the ‘anthropic principle’35. Things 
have to be as they are in order for 
us to ask the questions that we ask. 
Perhaps things could have been 
otherwise. Perhaps organisms did 
not have to be design-like. But 
then, we would never know. 

A second question concerns the 
issue of translatability and reduci- 
bility. If the teleology of biology is 
really no more than talk about natu- 
ral selection, how can the para- 
doxes like the missing-goal-object 
problem vanish? The answer, of 
course, is that we do not have a 
straight equivalence. Darwin’s Ori- 
gin meant something new for bioi- 
ogy, even if much of the language 
stayed the same. If you think that 
butterflies’ wings really are the end 
result of selection, this would have 
to have some consequences you 
would not expect were they the 
miraculous direct product of a de- 
signing God. Indeed you even ex- 
pect some empirical differences, 
because God is perfect whereas 
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selection is happy with less-than- would agree that if you have an 
best, so long as it is not second- artifact, then you must also allow 
best36. the possibility of an artifact maker. 

Nevertheless, the link between Moreover, although the artifact has 
Darwinian teleology and post- a fixed function, the maker (as a 
Darwinian teleology is conceptually conscious being) has a flexibility of 
stronger than many realize. In an purpose, able to change ends or to 
adaptationist argument, just like a persist to an end despite hurdles. 
natural theological argument, you Thus, inasmuch as we have con- 
are trying to understand in terms sciousness, and (Descartes notwith- 
of what you think will generally standing) most biologists today 
happen’4.31. The priest’s testicles would admit at least some non- 
do have a function, even if he never human animals to belong to this 
exercises it. There is no attempt at realm3’, we are forced to admit a 
a causal explanation from the fu- teleology beyond that of simple 
ture. For this reason, as we have adaptation’a. Hence, the legacy of 
seen, the missing goal-object is no Aristotle does persist in modem 
longer a problem. Yet, in the pres- biology alongside that of Plato. But, 
ent as in the past, there is a tem- whether we should extend this 
porally atypical structure to under- alternative teleology down to all 
standing. You may put adaptations instances of goal-directedness in- 
down to past causes, but you try to eluding non-conscious manifes- 
understand them in terms of what tations like sweating and shivering 
you think they will do, or what they is a moot point. All one can say is 
could do, if given the chance. Your that some would and some would 
judgement is based on the past, not allow such an extension, noting 
but your commitment is to the also that this division is what one 
future2’. Of course, you may be expects when metaphors are at 
wrong; but that is a risk that every work. 
scientist runs. 

Third, what of the distinction be- Should weget rid of it? 
tween Plato and Aristotle? Neither One final question remains. Ulti- 
was an evolutionist, yet both were mately, everyone today will agree 
responding sensitively to the or- with critics of panadaptationism, 
ganic world, as they saw it. If we like Stephen Jay Gould39, when 
grant what has been argued thus they complain that it is dreadfully 
far, that teleology centres on the easy to slip into assumptions of 
design-like effects of natural selec- purpose when none exists. If God 
tion, we seem to have here a designed and if He is all-good and 
modem-day successor to Platon- all-powerful, then we expect pur- 
ism. Do we likewise have a modem- pose in everything. If natural selec- 
day successor to Aristotelianism, a tion did the job or if something else 
kind of seeking of ends yet without was involved causally, we expect 
recourse to vital forces? (as indeed we find) that many 

Such goal-orientation certainly organic features have no purpose. 
sounds very close to those direc- Should we not, therefore, take heed 
tively organized systems discussed of this warning and strive rigorously 
earlier and much favoured at one to eliminate all teleology from 
point in analyses of teleology’2J4. biology? 
The teleology of Aristotle is akin to The proper response at this 
the adaptable aspects of nature, point surely counsels moderation. 
that thinkers like Nagel found dis- Being sensible about teleology is 
tinctive of biological thought. This one thing. Rejecting it entirely is 
suggests that perhaps we were quite another. Like all metaphors, 
hasty in suggesting (or implying) the artifact metaphor - to think now 
that the true analysis of teleology just of the successor to Platonic 
had to be in terms of either direc- teleology - has incredible heuristic 
tive organization or of the design- value23. If you think of features as 
like effects of selection, but not objects of design, this stretches you 
both. Perhaps a more ecumenical to think about the specific pur- 
position is more balanced, with poses. You ask questions and you 
scope for both neo-Platonism and get answers you would never get 
neo-Aristotelianism. were you not thinking this way. Why 

This is a suggestion that is still does the stegosaur have fins on its 
controversial. Nevertheless, many back, and why are they the peculiar 

diamond shape that they are’? 
They look remarkably like the 
blades one sees in hydro-electric 
plant turbos, designed for cooling. 
Could the fins be serving the same 
ends? Independent evidence to- 
wards which you are directed 
strongly suggests that this is so. 
Hence, the questions are asked 
and the answers given, and biologi- 
cal understanding moves forward. 

What is really remarkable is the 
fate of teleology as the physical 
sciences have moved into biologi- 
cal domains. We find that molecular 
biology is as teleological as old- 
fashioned morphology. Molecular 
biologists talk confidently of gen- 
etic ‘codes’ and of their skill at 
‘cracking’ themdo. This is neo- 
Platonism triumphant. Perhaps, 
logically, in the interests of concep- 
tual purity, one might eliminate the 
teleology of biology. However, one 
would thereby eliminate much of 
the fertility of biology. In respects, 
biology is not like physics and 
chemistry - nor should it strive to 
be. 
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Does C the R isk of 
Predation? 
Darryl T . Gwynne 

Studies of mating behaviour have 
assumed that individuals are at 
greater risk when paired than when 
engaged in other activities. Recently, 
four experimental studies of insects 
and crustaceans have tested this 
assumption using predators from 
divergent taxa. Three of these stud- 
ies indicate that mating carries no 
additional risk to the participants. 
Indeed, the findings suggest de- 
creased vulnerability, relative to 
other activities, due to decreased 
predation on one or the other of the 
mating pair. 

In a recent newspaper column’, 
psychologist Dr A. Rincover asserted 
that ‘in an evolutionary sense prema- 
ture ejaculation had survival value. 
Animals were vulnerable to a sur- 
prise attack when copulating, there- 
fore, the quicker an orgasm was 
achieved the better’. Although prob- 
ably rare in discussions of sexual 
dysfunction, the reference to the 
vulnerability of copulating animals 
echoes a common assumption in be- 
havioural ecology. It has been sug- 
gested that paired individuals could 
gain from an ‘alliance’ of defens- 
ive mechanisms2,3 but, in general, 
studies of animal reproductive be- 
haviour have assumed that copu- 
lation carries more risk than benefit 
(see, for example, Refs 4-8). The 
apparent reasoning is that the mat- 
ing pair may be more conspicuous, 
less aware of their surrounding en- 
vironment, or that physical connec- 
tion during pairing or copulation re- 
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suits in a decrease in the opportunity 
for escape when a predatory attack 
occurs. 

In his classic paper of 1927 on 
sexual selection, O.W. Richards9 
appears to have been one of the first 
to publish this suggestion. More re- 
cently, in a review in 1978 of the 
costs of mating behaviour, Daly’0 
pointed out the likely risks associ- 
ated with mating as well as the fact 
that this was a testable hypothesis 
with (at that time) little data to sup- 
port it. 

In this commentary I use the term 
mating in referring specifically to 
physical pairing. This includes both 
physical grasping of the mate and 
copulation per se. Solitary activities 
such as the mate-locating behaviour 
of males are thus excluded (the latter 
sort of behaviour has also been sug- 
gested to increase the risk of pre- 
dation” and this has been confirmed 
by substantial empirical study: see 
Refs 12-14 for reviews). 

Testing the assumption that mating is risky 
Table 1 summarizes four recent 

studies which have tested the argu- 
ment that mating individuals are 
more vulnerable to predation than 
unpaired individuals. The only study 
to support the hypothesis that pairs 
are preyed upon more than indi- 
viduals is that of Ward15 in which an 
amphipod crustacean was subjected 
to predation by fish. Predation rates 
on solitary males and pairs in pre- 
copula were compared. The latter 
were eaten more frequently (both 
members of the pair appeared to be 
consumed). No data were presented 
for predation on solitary females. 

The remaining three studies do not 
support the mating-risk hypothesis; 

none showed increased predation on 
either member of the mating pair 
(Table I). Moreover, the results 
showed that either the male or 
female may actually gain from a re- 
duced risk of predation while paired. 
In a study of birds attacking stick 
insects, Sivinski3 compared frequen- 
cies of predation on single indi- 
viduals to that on mating pairs. In 
contrast to the amphipod study, 
males and females were rarely both 
killed during an attack. Sivinski’s re- 
sults showed significantly higher 
survival among copulating than 
solitary insects. When the data were 
analysed by sex it was found that 
females had a reduced probability of 
predation while mating but that 
there was no significant difference 
in predation on the two classes 
of males. Sivinski also found no dif- 
ference in the percentage of solitary 
males and females taken by 
predators. 

The results obtained in the remain- 
ing two studies, by Verrelll6 and 
McCauley and Lawson17, were very 
similar to each other. In both studies 
predation rates on single males and 
females were compared to those 
on paired individuals. For reduviid 
bugs preying on beetles and newts 
preying on isopods, single males 
were more likely to be eaten than 
either single females or paired indi- 
viduals of both sexes (predation 
rates on the last three groups were 
not significantly different). 

Pwibba causes of a suwival advantage 
while mating 

What are the mechanisms that 
may have caused female stick in- 
sects and males of the beetle and 
isopod to experience a relative in- 
crease in survival while mating? 
Female stick insects may be more 
likely to survive an attack because of 
the vulnerable dorsal position of the 
mating male. Decreased risk per se 
could be due to the summed defen- 
sive mechanisms of the mating stick 
insects deterring attacks3. Sivinskis 
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