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A
b

stract

T
his essay is on teleological notions in biology, particularly as they are applied to the study of 

behavior.  B
iologists and philosophers interested in the conceptual foundations of biology 

(biophilosophers) have been greatly concerned about the role of teleological language in 
evolutionary biology.  W

e discuss the role of biophilosophy for understanding teleology in biology 
and explain w

hy teleology is controversial in biology.  W
e present an analytical survey of recent 

literature on teleology in biology, in the form
 of a classification tree.  M

uch of this literature has 
focused on the notion of biological function.  C

urrently, accounts that "naturalize" the notion of 
bio logical function by reference to natural selection are popular but som

e authors prefer other 
accounts, e.g., that functional claim

s m
etaphorically refer to psychological purposes and 

inte ntions.  F
ew

 theorists have clearly distinguished the notion of biological function from
 the 

notion of natural design, apparently assum
ing that design can be assim

ilated to function.  W
e 

argue that it is w
orthw

hile to treat design separately from
 function and w

e consider the utility of 
this disti nction for the study of behavior.  W

e conclude that further w
ork is needed on the 

m
ethodological principles that allow

 claim
s about function and design to be based on com

parative 
studies.
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In
tro

d
u

ctio
n

1.  F
U

N
C

T
IO

N
, D

E
S

IG
N

, A
N

D
 T

E
LE

O
LO

G
Y

In this paper w
e argue that biologists in general, and ethologists in particular, can benefit from

 
adopting an analysis of the concept of natural design that distinguishes it from

 the concept of 
biological function.  E

xam
ples of the use of teleological concepts such as function and design in 

biology include the follow
ing statem

ents:
• 

A
 (biological) function of stotting by antelopes is to

com
m

unicate to predators that they have been detected.
• 

C
anid play bow

s are (naturally) designed to com
m

unicate to
conspecifics that w

hat follow
s is play.

B
iologists and philosophers interested in the conceptual foundations of biology (biophilosophers) 

have been greatly concerned about the role played by teleological statem
ents such as these in 

evolutionary biology.  C
onsequently there is a substantial literature on biological teleology w

ith 
contributions from

 both biologists and philosophers of biology.  W
e believe that com

m
on 

objections to the use of teleology in science can be avoided because both biological function and 
natural design can be given analyses that are naturalistic, m

eaning that they do not appeal 
directly or indirectly to the m

otives of a conscious designer.

A
s a philosopher (C

A
) and an ethologist (M

B
) w

e initially brought rather different perspectives to 
bear on the topics of function and design, but after w

orking through the enorm
ous contem

porary 
liter ature on biological teleology our view

s have converged on a num
ber of points.  In an earlier 

paper (B
ekoff &

 A
llen 1992) w

e m
entioned tw

o different notions of function, one based on the 
notion of natural selection (M

illikan 1984) and another based on the analysis of interacting parts 
of com

plex system
s (C

um
m

ins 1975).  In that paper w
e left these tw

o different notions in tension 
w

ith one another.  H
ow

ever, w
e now

 believe that both notions have a role to play in biology (see 
also M

illikan 1989; G
odfrey-S

m
ith 1994).  T

hese tw
o notions com

prise only a fraction of the 
d ifferent view

s to be found in the contem
porary literature.  B

y classifying the large range of 
positions w

e found that w
e w

ere able to bring our ow
n view

s into sharper focus.  B
y including a 

full sur vey of the view
s w

e encountered w
e hope to have provided a tool that w

ill allow
 our 

readers to bring their ow
n view

s into sim
ilar focus.  T

he survey also provides the background for 
our argum

ent for the pluralistic view
 w

e have adopted. 

O
ur earlier w

ork had led us to endorse naturalistic accounts of function.  In particular for 
understanding m

ost but not all functional claim
s in biology, w

e prefer an etiological (historical) 
natural selection account, such that a function of a trait is an effect of the trait that has contributed 
(in ancestral populations) to the preservation of the trait (in descendant populations) via the 
differe ntial survival and reproduction of entities w

ith that trait.  In contrast, w
e w

ere initially 
skeptical about the notion of natural design on the grounds that the idea of design w

ithout a 
designer could at best be a m

etaphor.  W
e also found that the contem

porary literature on 
teleology is heavily skew

ed tow
ards discussion of biological function, w

ith relatively little direct 
attention to natural design.  W

e believe that this is because m
ost authors either accept our initial 

view
 a bout the m

etaphorical status of statem
ents about design, or they sim

ply assim
ilate the 

notion of natural design to the notion of biological function.  W
e have com

e to believe, how
ever, 

that neither of these positions is correct.  S
tatem

ents about natural design in the absence of a

4 

designer are neither m
etaphorical nor equivalent to statem

ents about function.  T
his paper, then, 

is an extended argum
ent in favor of a naturalistic analysis of the concept of natural design that 

does not assim
ilate it to the notion of function.  O

n our view
, it is possible for a trait to have a 

biological  function w
ithout being designed for that function, and w

e believe this is an im
portant 

distinction to m
ake in understanding the evolution of behavioral phenotypes.

In P
art O

ne w
e explain the m

ethodological principles underlying the application of philosophical 
analysis to help understand the notions of biological function and natural design.  W

ith these 
m

ethodological principles in hand, in P
art Tw

o w
e discuss w

hy teleological notions are 
controversial in biology, and argue that ethologists stand to benefit from

 the greater clarity 
provided by m

ore careful analysis of these notions.  In P
art T

hree w
e aim

 to provide this m
ore 

careful analysis in the form
 of an extensive survey of the recent literature on biological function.  In 

particular, w
e try to identify the relationships am

ong the various theories of biological function that 
have been proposed, and w

e try to show
 how

 these theories relate to em
pirical concerns in the 

study of anim
al behavior.  T

his com
plete survey of view

s on function allow
s us to argue in P

art 
F

o ur for an account of natural design that m
akes it neither m

etaphorical nor equivalent to 
function.  In our view

 natural design entails both possession of biological function and a history of 
progressive structural m

odification under natural selection for im
proved perform

ance of that 
function.  O

ur view
 and its application to ethological exam

ples are discussed in full detail below
.  

T
he advantages of this perspective for ethologists include greater clarity about the 

m
ethodological requirem

ents for justifying teleological claim
s, and a useful fram

ew
ork for 

representing different aspects of the selective history of behavioral phenotypes.

2.  D
E

F
IN

IT
IO

N
S

B
efore proceeding to im

plem
ent the strategy just outlined, it is necessary to say som

ething about 
definitions of key term

s, such as function, design, and teleology, and others that w
ill be introduced 

in subsequent sections.  S
om

e readers m
ay feel dissatisfied w

ith our practice of introducing such 
term

s t hrough exam
ples of their use w

ithout providing explicit definitions for them
 at the 

beginning of the paper.  A
lthough w

e do believe that definitions have a role to play in the practice 
o f science, w

e believe that m
uch of the em

phasis on defining key term
s in behavioral biology is 

m
isguided.  A

llen &
 B

ekoff (1993) address this topic in som
e detail but w

e sum
m

arize the m
ain 

points here (see also M
oore 1993 p.595).

T
he practice of giving explicit definitions in the behavioral sciences has its roots in the 

frequently-deserved behaviorist criticism
s of 19th century com

parative psychology (see 
especially W

atson 1930).  O
ne result of the criticism

 directed at the earlier excesses of 
com

parative psychologists is the tendency am
ong m

any students of behavior to w
ant to specify 

pre cisely w
hat they are talking about before presenting em

pirical results.  T
he lingering influence 

of behaviorism
 is beneficial insofar as definitions m

ay facilitate the design and subsequent 
interpretation of experim

ents.  D
efinitions m

ay also facilitate com
m

unication betw
een scientists.  

S
uch definitions are best regarded as w

orking definitions--i.e. rough guides to the phenom
ena 

under investigation--that can be revised in response to em
pirical discoveries and theoretical 

endeavo rs.  S
cientific rigor does not com

e via precise a priori specification of the concepts used 
to pick out the exam

ples, but in precise application of experim
ental techniques to com

pare and 
contrast putative exam

ples w
ith respect to observable characteristics.  W

orking definitions and
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other m
eans of specifying the conceptual com

m
itm

ents of a given theoretical apparatus serve as 
im

portant catalysts to the form
ulation of em

pirical questions (B
ekoff &

 A
llen 1992).  H

ow
ever, 

such w
orking definitions ultim

ately do not determ
ine the extensions of the concepts they purport 

to define .

In this paper our goal is to investigate the boundaries of concepts associated w
ith the term

s 
biological function and natural design.  W

e think it w
ould be a m

istake for us to start by 
stipulating definitions for those term

s because such definitions w
ould distract attention from

 the 
variety of analyses of function and design that have been offered in the literature.  S

tipulative 
definitions at this point in the paper m

ight incorrectly suggest that these term
s should be given 

univocal senses--there m
ay, for exam

ple, be room
 for m

ore than one notion of function in 
biological explanation (M

illikan 1989; G
odfrey-S

m
ith 1994).

W
ith thes e caveats in place, w

e w
ill say that w

e favor a w
orking definition of biological function 

that identifies the functions of traits as those effects of traits that contributed to the differential 
surv ival and reproductive success under natural selection of organism

s possessing those traits 
(although w

e also allow
 that there m

ay be room
 in biology for m

ore than a single notion of 
function).  W

ith respect to natural design, w
e favor a m

uch m
ore specific definition in term

s of 
adaptive m

odification of anatom
ical or behavioral structure that som

etim
es, but not alw

ays, 
results from

 natural selection.  F
or exam

ple, on our account one function of dogs’ paw
s is to 

scratch fleas, but w
e w

ould not say that the paw
s are designed for scratching fleas, unless they 

are specially adapted for this purpose (cf. G
ould 1980 on the panda’s thum

b).  O
ur usage of the 

term
s  effect, function, and design, is sum

m
arized in Table 1, but w

e postpone a full discussion of 
these issues until P

art F
our.

P
art O

n
e: P

h
ilo

so
p

hy an
d

 B
io

lo
g

y

1.  B
IO

P
H

ILO
S

O
P

H
E

R
S

 A
N

D
 B

IO
P

H
ILO

S
O

P
H

Y

P
hilos ophy of biology is sim

ply the attem
pt to theorize about the conceptual and m

ethodological 
foundatio ns of the biological sciences.  It is equally the dom

ain of theoretically oriented biologists 
and biologically oriented philosophers.  U

nfortunately the phrase "philosopher of biology" tends 
to connote a philosopher w

ho studies the foundations of biology w
hen it equally applies to 

biol ogists w
ho study those foundations.  S

o, at the risk of proliferating neologism
s, w

e w
ill use the 

term
 biophilosopher to indicate anyone w

ho theorizes about biology in this w
ay.  T

hus M
arc 

B
ekoff (or E

rnst M
ayr) is as m

uch a biophilosopher as C
olin A

llen (or R
uth M

illikan).  
B

iophilosophy is the characteristic activity of biophilosophers.

A
nalysis of the concepts and m

ethodological foundations of biology is essential for identifying the 
theoretical com

m
itm

ents required by particular biological theories.  T
his in turn supports the 

explicit form
ulation of alternative hypotheses and m

ethods for testing those hypotheses.  
B

iophilosophy is not to everyone’s taste, but neither is field or laboratory w
ork, or m

athem
atical or 

com
putational m

odelling.  A
ll, how

ever, are essential aspects of a com
plete science and there is 

m
uc h to be gained from

 interaction betw
een those w

ith different interests.
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2.  R
E

F
O

R
M

E
R

S
 A

N
D

 E
LU

C
ID

ATO
R

S

A
m

ong other things, biophilosophers are interested in the proper interpretation of claim
s m

ade by 
prac ticing biologists (just as philosophers of physics are interested in the proper interpretation of 
physicists’ claim

s about quantum
 m

echanical phenom
ena).  Interpreters m

ay be broadly 
classified as either reform

ers or elucidators.  R
eform

ers som
etim

es attribute conceptual 
confusion and false or m

eaningless pronouncem
ents to the practicing scientists and use this to 

argue that biologists should alter (they m
ight say "im

prove") the practices that result in such 
claim

s.  E
lucidators take the statem

ents m
ade by  biologists about their w

ork m
ore or less at face 

value--i.e. as true or appropriate statem
ents.  E

lucidators regard their task as providing a 
coherent analysis of these statem

ents.

B
ecause biophilosophical argum

ents are often a priori in nature, because philosophers often 
seem

 m
ore prone to being reform

ers than elucidators, and because reform
ers som

etim
es 

challenge the authority of biologists to m
ake certain claim

s, m
any biologists dism

iss 
biophiloso phy.  E

lucidation is generally m
ore palatable to the practitioners of the science because 

it does not involve questioning their expertise.  T
he (com

plicated) truth of the m
atter is that all 

intellectual endeavors--including philosophy itself--stand in need of both reform
 and elucidation.  

In this paper w
e try to balance elucidation of teleological notions in biology against occasional 

reform
ative com

m
ents.

3.  B
IO

P
H

ILO
S

O
P

H
E

R
S

 M
A

K
E

 U
S

E
F

U
L D

IS
T

IN
C

T
IO

N
S

T
he liter ature on biological teleology contains a num

ber of independent distinctions that are 
useful for organizing ideas about the role and im

portance of teleological notions in biology.  W
e 

describe tw
o distinctions here that provide a background for the distinctions covered in the third 

part of this paper.

LIT
E

R
A

L  O
R

 M
E

TA
P

H
O

R
IC

A
L:  A

re the teleological claim
s m

ade by biologists to be interpreted 
literally or m

etaphorically?  If, on the one hand, the claim
s are to be interpreted literally, then it is 

necessar y to provide an account of their truth conditions that can then be used to evaluate the 
truth or falsity of particular teleological claim

s.  M
ost such accounts rely on the process of natural 

selection to provide the relevant truth conditions, but different accounts exploit natural selection in 
di fferent w

ays.  If, on the other hand, teleological claim
s in biology are to be interpreted 

m
etaphorically, then the basis for com

parison needs to be identified.  T
he m

ost com
m

on version 
of this view

 regards teleological claim
s in biology as inviting com

parison to teleological claim
s 

about artifacts that are based on the psychological intentions and purposes of the hum
an beings 

w
ho design and use them

.

E
S

S
E

N
T

IA
L O

R
 H

E
U

R
IS

T
IC

:  Is the use of teleology in biology essential for understanding living 
phenom

ena or is it m
erely a heuristically useful w

ay of organizing inform
ation that could be 

described and explained non-teleologically?  M
any biophilosophers believe that understanding 

living organism
s requires a pattern of explanation that is fundam

entally different from
 the form

s of 
explan ation found in physics and the other natural sciences, and that the use of teleological 
explanations provides a case in point.  F

or exam
ple, despite being critical of m

uch use of the 
concept of adaptation W

illiam
s (1966 p.11) w

rites: "I have stressed the im
portance of the use of
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such concepts as biological m
eans and ends because I w

ant it clearly understood that I think that 
such a conceptual fram

ew
ork is the essence of the science of biology."  T

his is opposed by those 
w

ho believe that "the use of such explanations in biology is not a sufficient reason for m
aintaining 

that this discipline requires a radically distinctive logic of inquiry" (N
agel 1961/1984 p.346).  

T
hose w

ho view
 teleology as inessential to biology often point to the history of physics for 

justification.  A
ristotelian physics m

ade free use of teleological notions, but these w
ere elim

inated 
by G

alileo.  P
roponents of the view

 that physics sets the standard for scientific rigor often believe 
that teleology in biology is destined to go the sam

e w
ay.  N

onetheless, proponents of this view
 

m
ay recognize the heuristic value of teleological notions for organizing thoughts about the 

com
plex phenom

ena associated w
ith living organism

s subject to natural selection.

P
art Tw

o
: T

h
e U

sag
e o

f Teleo
lo

g
ical N

o
tio

n
s

1.  T
E

LE
O

LO
G

IC
A

L C
LA

IM
S

A
 large a nd diverse literature on the appropriateness of biological teleology has accum

ulated 
during the second half, and especially the last quarter, of the 20th century.  D

espite the 
substantial num

ber of theoretical articles and text book discussions of biological function by 
biologists and philosophers, it is relatively difficult to find explicit claim

s about function (e.g. "the 
function of X

 is Y
") in articles w

here m
ainly em

pirical data are reported.  F
or exam

ple, in 
presenting their w

ork on antennal contacts am
ong ants, G

ordon et al. (1993) raise the question 
"W

hat is the function of encounter patterns in ant colonies?" in the title of their paper.  Yet these 
autho rs now

here com
e out w

ith an explicit claim
 that the function of antennal contacts is such and 

such.  T
he closest they get to such an explicit statem

ent is to say (p. 1099) "A
n ant that suddenly 

encounters alien ants m
ay be in danger...the increase in [antennal] contact rate, though 

short-lived, m
ay be sufficient to generate a defensive response to the intruders."  From

 this 
statem

ent it is easy to construct a functional claim
 about antennal contacts, but the authors 

exercise notable caution in avoiding m
aking such a claim

 explicitly.

E
nglish provides a variety of w

ays for m
aking im

plicit functional claim
s w

ithout using the w
ord 

" function" (V
an P

arijs 1982).  W
hile explicit claim

s about function are relatively rare in the 
em

pirical literature, im
plicit functional claim

s are not (e.g. A
lcock 1993; D

rickam
er &

 V
essey 

1993).  F
or exam

ple, in their discussion of the classic w
ork done by T

inbergen and his colleagues 
on eggshe ll rem

oval in black-headed gulls, D
rickam

er &
 V

essey (1993, p.23) note that one 
plausible hypothesis is that "P

arents rem
ove w

hite eggshells to protect their young"; clearly they 
could just as w

ell have said that for these birds a function of eggshell rem
oval behavior is 

protection of offspring.  Likew
ise, H

olley (1993 p.21) in his analysis of the bipedal stance that 
brow

n hares assum
e w

hen confronted by red foxes w
rites: "T

he functions of this behaviour are 
considered  and com

peting hypotheses of P
redator S

urveillance and P
ursuit D

eterrence are 
exam

ined by testing predictions against results obtained. T
he results suggest that by standing 

erect brow
n hares signal to approaching foxes that they have been detected."  T

his clearly 
suggests that on the author’s view

 a function of standing erect by brow
n hares is to deter pursuit 

by foxes.

E
xplicit claim

s about design are even m
ore difficult to find in the em

pirical literature than claim
s 

about function.  T
his m

ay also partially account for the greater am
ount of attention paid to

8 

functions in the theoretical literature.  C
laim

s about design m
ay be off-putting because they 

suggest a strong directional com
ponent in the evolution (or developm

ent) of a behavioral 
phenotype (R

. D
aw

kins 1986).  M
any scientists object to statem

ents of the form
 "X

 is designed to 
accom

plish som
e goal", but they do not seem

 so opposed to sim
ilar statem

ents about function 
("the function of X

 is Y
").  H

ow
ever, for exam

ple, the idea that play signals m
ay be designed to 

initiate and to m
aintain social play has been hinted at for num

erous m
am

m
als, and the notions 

that pla y is developm
entally scheduled and that sequences of play are designed in term

s of their 
structure (e.g. duration, the interval betw

een play-bouts, the different m
otor patterns that are 

used, how
 they are organized in sequence, and w

here bites or other actions are directed) to fulfill 
certain functions, especially practice, has also been suggested (e.g. R

asa 1973; B
ekoff 1977, 

1982, 1988, 1989a,b, 1993; Leyhausen 1979; B
ekoff &

 B
yers 1981; Fagen 1981; M

artin &
 C

aro 
1985; H

ass &
 Jenni 1993; P

ellis 1993; W
atson &

 C
roft 1993).  P

ellis (1993) notes that the 
structural features of social play (the behavior patterns that are used, how

 they are com
bined, 

and the body areas to w
hich they are directed) in m

any m
uroid rodents does not resem

ble 
play-fighting, but rather sexual behavior.  F

urther em
pirical study in anim

als representing w
ider 

taxa is needed to assess P
ellis’s novel ideas about how

 the resem
blance of play to sexual rather 

than to aggressive behavior m
ight inform

 discussions of function and design.

2.  C
O

N
T

R
O

V
E

R
S

Y
 A

B
O

U
T

 T
E

LE
O

LO
G

Y

A
s the lar ge theoretical literature attests, teleological notions are controversial in their application 

to biology.  B
ut as the exam

ples draw
n from

 em
pirical papers suggest, biologists have found it 

difficul t and even undesirable to elim
inate teleological notions from

 their discussions of biological 
phenom

ena.  Teleological notions are controversial for a num
ber of reasons.  T

hey w
ere 

associated w
ith pre-D

arw
inian, creationist view

s about organism
s, and w

ere roundly rejected by 
m

any post-D
arw

inian biologists as either (i) vitalistic, (ii) incom
patible w

ith m
echanistic 

explanation, (iii) requiring backw
ards causation, or (iv) m

entalistic (M
ayr 1974/1988 p.40).  To 

M
ayr’s list w

e w
ould add a fifth category of m

ethodological concerns about the em
pirical 

testabi lity of teleological claim
s.  T

hese categories are not fully independent.  F
or instance, if 

teleology required backw
ards causation from

 the future then it w
ould be incom

patible w
ith 

m
echa nistic explanation w

hich allow
s only forw

ard-directed causation to occur, and w
ould surely 

entail m
ethodological difficulties also.

V
italism

 and creationism
 are no longer serious w

orries for m
ost biologists, but the other 

categories still provide forceful concerns.  In the face of such concerns there is an obvious tension 
betw

een the seem
ingly indispensable use of teleological notions and the problem

s such notions 
raise.  P

ut concisely, the challenge is to fit teleology into a naturalistic fram
ew

ork.  In section 
three of this paper w

e exam
ine attem

pts to m
eet this naturalistic challenge for the notion of 

fu nction, and in section four w
e focus on the notion of design.

3.  T
E

LE
O

LO
G

Y
 IN

 P
S

Y
C

H
O

LO
G

Y
 A

N
D

 B
IO

LO
G

Y

B
esides bi ology, psychology is the other m

ajor locus of teleology in science.  P
sychological 

behav iorists m
ade teleological notions such as purpose, goal, and intention controversial in 

psychology by calling attention to m
ethodological problem

s w
ith their application.  T

he revival of 
the cognitive sciences has m

ade these and related notions respectable again in cognitive
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psychology, artificial intelligence, and other cognitive sciences.  C
ognitive ethologists believe in 

the usefulness of such notions for understanding the behavior of non-hum
an anim

als--e.g., for 
revisiting old data and for inform

ing and m
otivating new

 studies--but this rem
ains controversial 

(G
ri ffin 1981, 1984; B

ekoff &
 A

llen 1994).  N
um

erous m
ethodological issues in cognitive ethology 

rem
ain to be w

orked out but there is considerable interest in cognitive ethology nonetheless 
(G

riffin 1981, 1984, 1992; C
heney &

 S
eyfarth 1990, 1992; A

llen &
 H

auser 1991, 1993; R
istau 

1991; A
ll en 1992a,b; B

ekoff &
 A

llen 1992, 1994; B
ekoff &

 Jam
ieson 1990a,b; Jam

ieson &
 B

ekoff 
1993).

M
ayr’s fourth category of concern about biological teleology--that it is m

entalistic--derives from
 

the view
 shared by m

any that all teleological notions are rooted in psychological notions such as 
intention and purpose.  It is im

portant, how
ever, to be clear about the significance of this for the 

interpretation of current teleological claim
s in biology.  A

s C
um

m
ins (1975/1984 p.400, fn.19) puts 

it: "F
unctional talk m

ay have originated in contexts in w
hich reference to intentions and purposes 

[of designers and users] loom
ed large, but reference to intentions and purposes does not figure at 

all in the sort of functional analysis favored by contem
porary natural scientists."  If C

um
m

ins is 
right that reference to psychology does not figure at all in current biological teleology, then the 
naturalistic challenge m

ust be m
et by providing a non-psychological (or non-m

entalistic) basis for 
understanding teleological claim

s in biology.  T
his is the approach that w

e favor, but w
e survey 

alternative view
s in part three below

.

4.  F
U

N
C

T
IO

N
 A

N
D

 A
D

A
P

TAT
IO

N

O
nl y rarely do ethologists or behavioral ecologists give the notion of function the detailed 

consideration that it deserves (but see H
inde 1975; W

enzel 1992; W
est-E

berhard 1992).  In his 
classic paper published in 1963, T

inbergen identified four m
ajor areas w

ith w
hich ethological 

studies should be concerned, nam
ely, evolution, causation, adaptation (or function), and 

developm
ent.  M

ost ethologists and behavioral ecologists follow
 T

inbergen (1951/1989, 1963) in 
identifying function w

ith adaptation.  (S
ee for exam

ple M
arler &

 H
am

ilton 1966; B
row

n 1975; 
E

ibl-E
ibesfeldt 1975; M

anning &
 D

aw
kins 1992; A

lcock 1993; D
rickam

er &
 V

essey 1993.)  If 
succes sful, T

inbergen’s identification of adaptation and function w
ould go som

e w
ay tow

ards 
addressing the naturalistic challenge, but there rem

ain several issues that need clarification.

O
ne pr oblem

 w
ith identifying function and adaptation is that not all authors operate w

ith the sam
e 

notion of adaptation.  S
om

e authors seem
 to use the term

 "adapted" as a synonym
 for 

"designed".  O
ther authors seem

 to use "adapted" and "selected" interchangeably.  W
e argue in 

P
art F

our below
 that selection, function, and design are distinct notions.  G

iven the variety in 
usage of these term

s, there is considerable potential for confusion.  O
ther issues also require 

clarifica tion.  F
or exam

ple, functional explanations generally appeal either to w
ays in w

hich past 
social and nonsocial environm

ents supposedly affected perform
ance and selection of various 

behavioral phenotypes, or to w
ays in w

hich current environm
ents influence perform

ance and 
selection of phenotypes.  (F

or exam
ples w

ith respect to play see: B
erger 1979, 1980; B

ekoff &
 

B
yers 1981; Fagen 1981; kin recognition/discrim

ination: B
yers &

 B
ekoff 1986; F

letcher &
 

M
ichener  1987; B

laustein et al. 1991; H
epper 1991; the evolution of sociality and group-living: 

W
ilson 1975; B

ertram
 1978; B

ekoff et al. 1984; A
lcock 1993; fish schooling: M

. D
aw

kins 1986; 
anti-predator vigilance: C

urio 1978; Q
uenette 1990; B

ekoff 1993; hum
or and laughter: W

eisfeld
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1993.)  In their discussions of function or adaptation, ethologists and behavioral ecologists rarely 
m

ake a clear distinction betw
een past, current or future selection effects on phenotypes (M

itchell 
&

 V
alone 1990; but see R

eeve &
 S

herm
an 1993).  In P

art T
hree of this paper w

e discuss this 
disti nction further.

A
nother issue is that the notion of adaptation itself appears to have teleological connotations 

because it  often involves the idea of a phenotype being optim
al, suitable, or satisficing, for som

e 
particular purpose or goal (D

ennett 1983/1987).  It w
ould obviously be unsatisfactory to explicate 

one teleological notion (function) in term
s of another (adaptation), so further analysis of the notion 

of adaptation is necessary.  S
ober (1984a, 1993) offers an analysis of adaptation in term

s of 
selection (S

ober 1993, p.84): "C
haracteristic C

 is an adaptation for doing task T
 in a population if 

and only if m
em

bers of the population now
 have C

 because, ancestrally, there w
as selection for 

having C
 and C

 conferred a fitness advantage because it perform
ed task T."  S

ober’s definition is 
w

idely accepted by biologists (but see R
eeve &

 S
herm

an 1993 for dissent). 

W
hen studying behavior, trying to provide detailed and convincing inform

ation relating function to 
variations in individual fitness is fraught w

ith difficulties (M
. D

aw
kins 1986), although such 

attem
pts can be fruitful (W

est-E
berhard 1992).  F

urtherm
ore, as M

. D
aw

kins (1986) points out in 
her discussion of the adaptive significance of echolocation in bats, one can produce a convincing 
story w

ithout using any inform
ation about differential reproductive success w

hatsoever.  A
lso, 

T
hom

as (1993) discusses the aerodynam
ics of birds’ tails and show

s how
 sim

plistic or univocal 
functional explanations can be inadequate for explaining how

 m
orphology influences behavior 

pattern s such as fem
ale choice.  In the absence of clear m

ethodological guidelines, functional 
claim

s m
ade on such a basis are likely to rem

ain controversial.  T
he im

portance of an adequate 
m

ethodology is underscored by criticism
s of the em

pirical testability of adaptationist claim
s 

(G
ould &

 Lew
ontin 1978).

E
thologists and behavioral ecologists need to be clear about w

hat they m
ean by the term

 
"functi on" and other teleological term

s.  S
o too do neuroethologists (B

ekoff 1986; D
iD

om
enico &

 
E

aton 1990; F
entress 1991; see also F

etz 1992).  B
y providing a thorough investigation of the 

conc eptual issues underlying the variety of view
s about function and design w

e hope to provide 
guidelines for future theoretical and em

pirical w
ork on function and design.

5.  F
U

N
C

T
IO

N
 O

R
 F

U
N

C
T

IO
N

S
?

T
hroughout this paper w

e are careful to w
rite about a function or the functions of a trait to avoid 

im
plying that any trait has a unique function.  M

any authors do not m
ake this distinction, often 

appearing to im
ply that a given trait has just one function w

hen m
ultiple functions are likely or 

pos sible.  F
or exam

ple, D
retske (1986) states that "It is the function of one’s eyes to tell one w

hat 
the clock says [his italics]; it is the function of the clock to say w

hat the tim
e is."   Likew

ise, 
G

ordon et al. (1993) ask "W
hat is the function of encounter patterns in ant colonies?" rather than 

"W
hat are the functions of...?"  D

retske has agreed (personal com
m

unication) that he should 
have described clock-reading as a function of eyes.  S

everal of the authors quoted below
 w

ould 
pro bably m

ake sim
ilar claim

s about their ow
n uses of the definite article "the".
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A
 related issue is the question of w

hether any of a trait’s functions can be considered its 
P

R
IM

A
R

Y
 function.  F

or exam
ple, K

itcher (1994 p. in press) claim
s that "feathers w

ere apparently 
originally selected in early birds (or their dinosaur ancestors) for their role in therm

oregulation; 
after the developm

ent of appropriate m
usculature (and other adaptations for flight) the prim

ary 
selective significance of feathers becam

e one of m
aking a causal contribution to efficient flying."  

A
 satisfactory notion of prim

ary function w
ould require a specific indication of how

 one 
determ

ines that one function is prim
ary over another--for exam

ple, how
 w

ould one determ
ine that 

the contribution of feathers to flying is m
ore im

portant than their contribution to therm
oregulation 

or to com
m

unication?  K
itcher provides no indication of how

 to m
ake such judgem

ents, but 
presum

ably one could base them
 on the relative contribution to overall fitness.  H

ow
ever, such 

relative judgem
ents are extraordinarily difficult to m

ake (Lorenz 1981; M
. D

aw
kins 1986).  N

othing 
w

e say about function in this paper hinges on the notion of a prim
ary function, so w

e w
ill avoid 

m
aking claim

s that w
ould im

ply that any function of a trait is the prim
ary function of that trait.

P
art T

h
ree: A

n
alysis o

f V
iew

s o
n

 Teleo
lo

g
y in

 B
io

lo
g

y

1.  S
U

R
V

E
Y

 S
T

R
AT

E
G

Y
: A

 C
LA

S
S

IF
IC

AT
IO

N
 T

R
E

E

T
here are m

any points of contact betw
een the biological and philosophical literatures on 

biological teleology but there is considerable disunity.  F
or exam

ple, M
ayr (1988, p.63) com

plains 
"I am

 rather am
used to notice that N

agel’s [1977] rebuttal of m
y ideas [M

ayr 1974] has been cited 
w

ith approval in several recent papers in philosophical journals, but not one of these philosophers 
descended to discuss or even list the paper of the biologist w

hom
 N

agel had criticized."  W
e hope 

that our system
atic survey w

ill help to bridge the gap betw
een the biological and philosophical 

literatures.  To our know
ledge, this kind of survey has not been done before (but see M

itchell 
1994 for a com

prehensive historical survey covering som
e of the sam

e ground).

O
ur survey is presented in the form

 of a classification tree (F
igure 1).  E

ach node in this tree 
represents  a particular question about the role of teleological notions in biology and each branch 
in the tree represents a particular response to the corresponding question.  W

e have tried to 
loca te m

any of the participants in the biophilosophical debate about teleology at a particular leaf 
in the tree.  It is im

portant to note that by focusing on different respects for sim
ilarity and 

difference it w
ould be possible to produce different classification trees for these authors, but w

e 
belie ve ours is a useful organizing tool nonetheless.

T
he subsections of section 3 below

 correspond to the nodes in the tree.  E
ach subsection is 

headed w
ith the question defining that node, contains a brief description of the answ

ers to that 
question, and is follow

ed by a discussion w
ith references to the relevant literature.  It is possible to 

read the s ubsections below
 om

itting the discussion of literature but still getting a self-contained 
description of our classification tree.
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2.  T
H

E
 S

TA
N

D
A

R
D

 LIN
E

 O
N

 B
IO

LO
G

IC
A

L F
U

N
C

T
IO

N
S

A
lthough the tree in F

igure 1 is intended to classify view
s on biological teleology, m

uch of the 
literature, hence m

uch of our discussion, focuses on the notion of biological function.  W
e contrast 

m
any of the view

s on function covered below
 w

ith a view
 w

e label "T
he S

tandard Line" on 
functions.  A

ccording to the standard line, a trait’s function or functions causally explain the
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existence or m
aintenance of that trait in a given population via the m

echanism
 of natural 

selection.  T
hree com

ponents of the standard line can be usefully separated:
    (1) 

F
unctional claim

s in biology are intended to explain
the e xistence or m

aintenance of a trait in a given
population;

    (2) 
B

iological functions are causally relevant to the
existenc e or m

aintenance of traits via the m
echanism

of natural selection;
    (3) 

F
unctional claim

s in biology are fully grounded in
natural selection and are not derivative of
psychological uses of notions such as design,
intention, and purpose.

S
om

e variant or other of the standard line is held by m
ost but not all biophilosophers.  V

ariants of 
the standard line differ m

ostly over how
 to m

ake the com
ponent (2) above precise.  T

here is also 
som

e discussion of (1) w
ith respect to the im

portance of distinguishing, on the one hand, initial 
spread of  a new

 phenotypic trait in a population from
, on the other hand, the m

aintenance of traits 
in populations (G

ould &
 V

rba 1982; w
e discuss their distinction betw

een adaptation and 
exaptation below

 in P
art F

our section 4).  A
lternatives to the standard line reject one or m

ore of 
the com

ponents of the standard line.

3.  A
N

A
LY

T
IC

A
L S

U
R

V
E

Y
 O

F
 T

H
E

 LIT
E

R
AT

U
R

E

S
ubsection num

bers and titles correspond to the num
bers and titles of the nodes in F

igure 1.  
A

nsw
ers correspond to the labeled branches of the tree.

3.1  IS
 T

E
LE

O
LO

G
Y

 IN
 B

IO
LO

G
Y

 IN
D

E
P

E
N

D
E

N
T

 O
F

 T
E

LE
O

LO
G

Y
 IN

 P
S

Y
C

H
O

LO
G

Y
?

N
O

 (T
E

LE
O

M
E

N
TA

LIS
M

):  W
e classify those w

ho answ
er the question in this w

ay as 
teleom

entalists, m
eaning that they regard the teleology of psychological intentions, goals, and 

purposes as the prim
ary m

odel for understanding teleology in biology.  Teleom
entalists interpret 

teleolog ical talk literally only w
hen conscious agents are involved.  O

n this view
, for exam

ple, the 
claim

 that a function of a rock on a desk is to act as a paperw
eight is literally true only if it w

as 
placed there because som

eone consciously intended it to keep the papers in place.  
Teleom

en talists hold that teleological claim
s in biology should either be literally interpreted 

because of the involvem
ent of psychological entities in biology or that they should be understood 

as m
aking only m

etaphorical claim
s on the basis of m

ore or less loose com
parisons to 

psychological teleology.  T
his is discussed further in the section 3.2.

Y
E

S
 (T

E
LE

O
N

AT
U

R
A

LIS
M

): T
hose w

ho answ
er the question in this w

ay are labelled 
teleonaturalists, m

eaning that they seek naturalistic truth conditions for teleological claim
s in 

biology that do not refer to the intentions, goals, or purposes of psychological agents.  
Teleonaturalists are concerned w

ith interpreting teleological claim
s in biology in a w

ay that avoids 
the criticism

s m
entioned by M

ayr (P
art Tw

o, section 2).  S
uch interpretations are constrained to 

exp lain the truth and utility of teleological claim
s in biology using only vocabulary that is 

uncontroversial in the rest of biology.  In other w
ords, teleonaturalists adopt the strategy reducing 

teleological statem
ents about biology to equivalent non-m

entalistic statem
ents using term

s

14 

acceptable to the natural sciences.  T
his strategy divides into m

any different substrategies 
depending on the answ

ers one gives to various im
portant questions about the role of teleology 

w
ithin biology, including but not lim

ited to: A
re such claim

s explanatory or m
erely descriptive?; 

and: If they are explanatory, w
hat are they intended to explain?  T

hese and other questions define 
the nodes on the right hand side of the tree in F

igure 1.

D
iscussion

F
or present purposes w

e are contrasting m
entalism

 about biological teleology w
ith naturalism

 
about biological teleology, but this does N

O
T

 im
ply that m

ental concepts cannot them
selves be 

naturalized.  T
he question of w

hether it is possible to naturalize the m
ind can be considered 

independently of the question of w
hether biological teleology can be naturalized.  In this paper w

e 
are concerned w

ith the latter question, although it is w
orthw

hile to note that several contem
porary 

philosophers of m
ind, especially M

illikan (1984, 1993), argue that m
any psychological concepts, 

such as thought, belief, and intention, are biological concepts.  M
illikan’s strategy for naturalizing 

t he m
ind is to provide a naturalized account of biological teleology and then to show

 how
 to 

reduce claim
s about m

ental states to biological teleology.  M
illikan is therefore com

m
itted to 

providing w
hat w

e are calling a teleonaturalistic (non-m
entalistic) account of biological teleology 

otherw
ise her account w

ould be blatantly circular.

A
s r em

arked above, m
ost discussion of teleology in biology focuses on functions, but one m

ight 
have different opinions about the proper interpretation of different teleological notions.  To 
a nticipate a point w

e w
ill develop m

ore fully in P
art F

our below
, in psychological cases one can 

think of item
s w

ith functions that have not been designed to perform
 those functions--for exam

ple 
a rock on a desk m

ay have the function of keeping papers in place w
ithout having been designed 

for that function.  If the notions of function and design can be distinguished for psychological 
teleology, it is plausible to think the sam

e m
ight be true of biological teleology.  S

o it m
ight be 

reasonable to take a m
entalist line, say, tow

ards the notion of natural design w
hile taking a 

nat uralistic line tow
ards the notion of function.

A
m

ong bio philosophers, teleom
entalism

 is a m
inority view

 (N
issen 1993), although it appears to 

be som
ew

hat m
ore entrenched am

ong philosophers w
ho do not w

ork in biophilosophy.  H
ow

ever, 
som

e biophilosophers do seem
 inclined tow

ards teleom
entalist positions.  B

ecause 
teleon aturalism

 has attracted m
ore attention than teleom

entalist approaches to teleology in 
biology, correspondingly m

ore variations of teleonaturalism
 have been put forw

ard.  T
his is 

reflected in the greater num
ber of branches on the right side of F

igure 1.

3.2  T
E

LE
O

M
E

N
TA

LIS
M

: IS
 T

H
E

 P
R

IM
A

R
Y

 R
O

LE
 O

F
 T

E
LE

O
LO

G
IC

A
L

     C
LA

IM
S

 IN
 B

IO
LO

G
Y

 LIT
E

R
A

L O
R

 M
E

TA
P

H
O

R
IC

A
L?

LIT
E

R
A

L: T
his is the view

 that teleological claim
s about organism

s are best understood as literal 
claim

s based on either the internal psychology of those organism
s or som

e external source of 
psychological teleology.  C

reationists are are the m
ost vociferous external teleom

entalists, taking 
claim

s about function and design in nature to be literally true because of the explicit intentions 
and purposes of a divine being (but see P

lantinga 1993 for a m
ore sophisticated defense of this 

view
).  A

lthough such view
s w

ere preem
inent before w

idespread acceptance of D
arw

in’s ideas,
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w
e shall ignore them

 here (but see R
. D

aw
kins 1986 for an extended refutation of this version of 

literal teleom
entalism

).  Internal teleom
entalists take teleological claim

s to be true only if the 
organism

s them
selves have sufficient psychological com

plexity.  W
hen applied to organism

s that 
appe ar to lack the relevant psychology, internal teleom

entalists are inclined to regard teleological 
claim

s as literally false.

M
E

TA
P

H
O

R
IC

A
L:  M

etaphorical teleom
entalists m

aintain that teleological claim
s in biology invite 

explicit com
parison to paradigm

 psychological cases of function and design.  B
ecause m

etaphors 
are never precise, this account of teleology in biology accords heuristic value at best to 
teleological claim

s.  A
t w

orst, those w
ho believe teleology in biology to be m

etaphorical regard it 
as too im

precise and m
isleading for scientific purposes.

D
iscussion

R
ichard D

aw
kins (1986) seem

s to adopt a m
etaphorical teleom

entalist approach to natural 
d esign w

hen he subtitles his book "w
hy the evidence of evolution reveals a universe w

ithout 
design", and throughout the book often places scare-quotes around the w

ord "design" and w
rites 

about "the illusion of design".  A
ccording to D

aw
kins, there isn’t really a designer, it just looks as if 

there is.  A
 teleonaturalist about design m

ight agree that there isn’t really a designer but m
aintain 

that nonetheless claim
s about design can be given a literal interpretation.  B

eer (1975 p.16) 
approvingly quotes B

ow
lby (1969 p.125): "In biology that consequence w

hich a system
 appears 

as though designed to achieve is usually term
ed the system

’s ‘function’";  H
ere the phrase "as 

though " adm
its that design or a designer is not really present, although the functions m

ight really 
be present, indicating that B

ow
lby and, by association, B

eer m
ight be m

etaphorical 
teleom

entalists w
ith respect to design but hold a different view

 w
ith respect to the notion of 

function.

B
oth non-creationist literal teleom

entalism
 and m

etaphorical teleom
entalism

 seem
 to suggest that 

teleolo gy is not essential to biology, because it is either false or of solely heuristic value.  T
hus the 

m
ore plausible versions of teleom

entalism
 seem

 incapable of elucidating biological teleology in 
the sen se explained above (P

art O
ne, section 2)--i.e. of explaining the truth of teleological claim

s 
in biology.  In his argum

ent for a literal teleom
entalist position, N

issen seem
s to recognize this 

point w
hen he says (1993 p.48): "T

here rem
ains the problem

 of accom
m

odating goal-directed 
beh avior of organism

s believed not to have the requisite m
ental life to be the source of the 

needed intentionality."  N
issen’s "solution" is to claim

 that teleological statem
ents about "low

er 
organism

s" (p.48) im
ply an external source of intentionality w

here none is present and that this "is 
the only analysis that explains w

hy teleological language rem
ains controversial in the life 

sciences." (p.48)  H
ere, N

issen sim
ply fails to take teleological claim

s about, for exam
ple, the 

behav ior of ants at face value, i.e., as appropriate and true but entailing no connection to 
psychological intentions.  It is our view

 that certain claim
s about the functions of ant behavior are 

appropria te and literally true, and that teleom
entalism

 has no hope of explaining this.  T
hus, for 

the elucidation of teleological claim
s in biology, teleonaturalism

 appears to be the only gam
e in 

tow
n (see also W

im
satt 1972; B

edau 1990).
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3.3  T
E

LE
O

N
AT

U
R

A
LIS

M
: A

R
E

 T
E

LE
O

LO
G

IC
A

L C
LA

IM
S

 IN
 B

IO
LO

G
Y

     E
X

P
LA

N
ATO

R
Y

 O
R

 M
E

R
E

LY
 D

E
S

C
R

IP
T

IV
E

?

E
X

P
LA

N
ATO

R
Y

: A
ccording to this view

, teleological claim
s in biology both describe and explain 

certain phenom
ena, although opinions vary about exactly w

hat is explained.  A
ccording to the 

standard line about functions, the target of functional explanations in biology is the presence of 
the  trait in a population of organism

s.  N
ot all explanatory view

s of functional claim
s agree that 

this is the target.  A
lternatives are discussed in later sections.

D
E

S
C

R
IP

T
IV

E
: T

he descriptive view
 of teleological claim

s in biology is that they apply to 
observable patterns displayed by biological phenom

ena independently of w
hatever (hidden) 

m
echanism

s are causally responsible for those patterns and hence independently of any 
particular explanation of those patterns.  T

he descriptive account is discussed in the rem
ainder of 

this section.

D
iscussion

A
ccording to the standard line (section 2 above) the use of teleological notions is 

causal-explanatory.  F
or exam

ple, attributing the function of pum
ping blood (and not m

aking 
noise) to vertebrate hearts is to say that vertebrates have hearts because hearts pum

p blood 
(and not because they m

ake noise); likew
ise, dogs perform

 play bow
s because play bow

s serve 
to com

m
unicate that w

hat follow
s is play (and not because play bow

s bring the perform
ing 

ani m
al’s abdom

en closer to the ground).  T
hus, the fact that hearts (norm

ally) pum
p blood is cited 

to explain the presence of hearts and the fact that play bow
s (norm

ally) com
m

unicate that w
hat 

follow
s is play is cited to explain the presence of play bow

s am
ong canids.

T
he philo sophy of science literature on causal explanation is far too im

m
ense to sum

m
arize here, 

but for the sake of specificity it is sufficient to think of a causal condition as a required m
em

ber of 
a set of sufficient conditions for the production of a specified effect (M

ackie 1965; see E
ells 1991 

for an alternative probabilistic account of causation).  M
ost biophilosophers identify natural 

selectio n as the causal m
echanism

 through w
hich functions operate, but this is by no m

eans the 
only version of the causal account as indicated in F

igure 1 and discussed in subsequent sections.

T
ho m

pson (1987) has argued that teleological claim
s should be regarded as descriptive and not 

explanatory.  T
hom

pson focuses on w
hat he calls the "m

isappropriation" of P
ittendrigh’s (1958) 

term
 teleonom

y for explanatory purposes.  T
he use of the term

 "m
isappropriation" suggests that 

T
hom

pson’s aim
s are reform

ative rather than elucidatory according to our classification schem
e 

(P
art O

ne, section 2).  T
hom

pson (1987, p.273) defines teleonom
y as "the descriptive study of 

orga nizational properties of processes and structures w
ithout reference to any particular 

explanatory system
."  H

e w
orries that unless the teleological and adaptive aspects of biological 

system
s can be described independently of natural selection, teleological claim

s are explanatorily 
circular, and he argues that several biophilosophers, perhaps including P

ittendrigh him
self, have 

failed to avoid this circularity.  F
or the descriptive view

 of biological teleology to be fully developed 
it w

ould be necessary to give a naturalistic analysis of the m
eanings of teleological claim

s, e.g., of 
w

hat it w
ould m

ean to say (in the purely descriptive sense) that a function of vertebrate hearts is 
to pum

p blood.  Lipton &
 T

hom
pson (1988b p.238) say that "Identifying these properties in
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organism
s in nature independent of their explainers is not easy but is is surely not im

possible.  
T

he key is the com
parative m

ethod."  P
recisely how

 a com
parative m

ethod w
ould support 

descriptive application of teleological term
s is a topic that requires further investigation.

T
hom

pson  and Lipton are not alone in w
orrying about the possible circularity of teleological 

explanations.  F
or exam

ple, Lorenz (1981 p.211) says "To call a function by a nam
e stem

m
ing 

from
 its t eleonom

ic effect is, in itself, perm
issible, provided that one rem

ains aw
are of the danger 

this nam
e m

ay, as John D
ew

ey pointed out, insidiously raise the false pretension of being an 
explanation for the function it describes."  T

he paradigm
 of explanatory circularity is presented by 

the doctor in M
oliere’s T

he Im
aginary Invalid w

ho explains that a drug puts those w
ho take it to 

sleep because of its "dorm
itive virtue" (see also discussion by Lipton &

 T
hom

pson 1988a).  T
his 

is a causal explanation--that is, the pow
er of the drug to cause a particular effect is explained by 

citing a property it possesses.  T
he property in this case is none other than the pow

er to cause 
the specified effect, hence the circularity.  In general, to avoid circularity, causal explanations m

ust 
provide independent specifications of cause and effect.  T

hom
pson expresses his w

orry about 
circul arity by saying that biologists tend "to use the concept of teleonom

y to refer to the 
properties of things and then later, as part of the sam

e argum
ent, to use it to refer to the causes 

of things." (1987, p.272)  Lipton &
 T

hom
pson (1988a,b) argue that w

hen carefully applied, 
explanations in term

s of adaptation by natural selection are explanatorily valuable and they are 
not circular but "recursive".  H

ow
ever T

hom
pson and Lipton w

orry that m
any biologists are not 

careful in applying teleological notions and thus fall into the trap of circular explanation.

O
ur aim

 here is prim
arily expository rather than critical, but it is w

orth pointing out w
hy w

e think 
the w

orry about circularity is overw
rought.  S

om
ething like the standard line about functions--that 

they explain the presence of traits--is the target for the charge of explanatory circularity.  T
here 

w
ould be a patent circularity if for a given trait one cited the trait’s function to explain the trait’s 

function.  B
ut, in our exam

ple of the heart given above, the standard line is that the heart’s 
function is cited to explain the presence of hearts.  O

n the surface at least this does not have the 
patently circular form

 just m
entioned.  N

ow
, if hearts w

ere identified only as as "organs w
ith the 

function of pum
ping blood" the circularity charge m

ight be m
ade to stick.  B

ut anatom
ists identify 

organs m
o rphologically and then ask w

hether those organs have any functions.  D
espite 

com
plaints to the contrary it is genuinely inform

ative to be told that a m
orphologically identifiable 

organ is present in a class of organism
s because, for exam

ple, it pum
ps blood and not because it 

m
akes th um

ping noises.  A
 sim

ilar point can be m
ade about the identification of species-typical 

behaviors in term
s of behavioral structure.  S

uch identification can occur prior to investigation of 
functions of the behaviors thus identified (but see M

illikan 1993 for discussion).  T
hus the charge 

of circularity does not seem
 to w

ork against the standard line.  F
or sim

ilar reasons the charge 
also does not w

ork against som
e of the alternative view

s of function described below
.
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3.4  W
H

AT
 IS

 T
H

E
 TA

R
G

E
T

 O
F

 E
X

P
LA

N
AT

IO
N

 F
O

R
 T

E
LE

O
LO

G
IC

A
L C

LA
IM

S
     IN

 B
IO

LO
G

Y
?

T
H

E
 P

R
E

S
E

N
C

E
 O

R
 M

A
IN

T
E

N
A

N
C

E
 O

F
 T

R
A

IT
S

 IN
 A

 P
O

P
U

LAT
IO

N
:  A

ccording to this view
, 

teleological claim
s about traits of organism

s explain the presence (original fixation or 
m

aintenance) of those traits in a given population.  T
his is the position adopted by the standard 

line, but som
e alternatives to the standard line also adopt the presence of traits as the 

explanatory target.

T
H

E
 R

O
LE

 O
F

 T
R

A
IT

S
 IN

 C
O

M
P

LE
X

 S
Y

S
T

E
M

S
:  A

ccording to this view
, teleological claim

s 
about traits of organism

s explain the role of that trait in a larger system
.  W

ith respect to the 
notion of function, to attribute a function to a trait is to say how

 that trait contributes to a m
ore 

com
plex capacity of an organism

.  O
n this view

, for exam
ple, attributing the functions of providing 

lift and propulsion to a bird’s w
ings helps to explains how

 w
ings contribute to the bird’s capacity to 

fly.

D
iscussion

T
he view

 that teleological claim
s explain the existence of traits is a part of the standard line that is 

com
m

on am
ong biologists.  F

or exam
ple, A

yala (1977 p.498) says "Teleological explanations 
account for the existence of a certain feature in a system

 by dem
onstrating the feature’s 

contribution to a specific property or state of the system
."  M

any philosophers of science have 
also accepted this view

 of the target of teleological explanation and tried to fit it into their preferred 
accounts of scientific explanation.

D
uring the m

iddle part of the 20th century, the deductive-nom
ological (or hypothetico-deductive) 

account of scientific explanation dom
inated philosophy of science.  A

ccording to the 
deductive-nom

ological account, the proper form
 of an explanation is a deductive argum

ent w
here 

the target of explanation (or explanandum
) is a logically valid consequence of general statem

ents 
(causal hypotheses or law

s) together w
ith specific statem

ents describing initial conditions.  
W

orking w
ithin the deductive-nom

ological account of scientific explanation, H
em

pel and N
agel 

shared t he agenda of assim
ilating the explanatory structure biology to that of physics by show

ing 
that the structure of teleological explanations in biology w

as logically no different from
 the 

st ructure of explanations in physics.

O
n H

em
pel’s analysis, part of the analysis of the claim

 that a trait T
 has function F

 in organism
 O

 
is that the presence of T

 in O
 is a S

U
F

F
IC

IE
N

T
 condition for F

 to occur in O
.  F

or exam
ple, part of 

the analysis of the functional claim
 about canid play bow

s is that the trait of producing play bow
s 

in dog s is sufficient to com
m

unicate to conspecifics that w
hat follow

s is play.  T
he trouble w

ith 
H

em
pel’s analysis as an explanation of the presence of the trait is that m

erely because T
 is 

sufficient to produce som
e effect, w

e can’t infer the presence of T
 from

 that effect because other 
things m

ight also be sufficient to produce the effect (H
ull 1974; C

um
m

ins 1975).  F
or exam

ple, w
e 

can’t D
E

D
U

C
E

 the presence of a play bow
 from

 the effect of com
m

unicating play intention, 
because other things--e.g., exaggerated paw

ing directed at the face, a loose bouncy gait, rapid 
appro aching and w

ithdraw
ing (including feinting, approaching and rolling over in front of the other 

anim
al)--could have produced the sam

e com
m

unicatory effect.
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N
agel’s analysis avoids this logical problem

 by construing functional claim
s as involving claim

s 
about necessary conditions: the presence of T

 in O
 is a necessary condition for the occurrence 

of  F
 in O

.  A
lthough H

inde is not explicitly com
m

itted to the deductive-nom
ological account of 

scientific explanation, he too seem
s com

m
itted to traits as necessary conditions for their 

functions w
hen he says (1975 p.5): "w

hen w
e speak of ‘the function of bird song’, w

e refer to 
events c onsequential upon the birds’ singing w

hich w
ould not occur if birds did not sing".  If the 

presence of the trait T
 w

as indeed necessary for the effect F, then w
e could infer the presence of 

T
 from

 the occurrence of F.  T
he trouble w

ith necessary condition analyses, as C
um

m
ins (1975) 

aptly argues, is that they m
ake false claim

s (see also H
ull 1974).  S

inging m
ay be just one w

ay by 
w

hich a bird produces a particular result.  D
ogs have other m

eans of com
m

unicating play 
intention so the canid play bow

 is not strictly necessary to com
m

unicate that w
hat follow

s is play.

C
u m

m
ins’ (1975) account of functions is in part a reaction to the defective accounts of H

em
pel 

and N
agel.  C

um
m

ins (1975) argues that H
em

pel and N
agel w

ere m
istaken on tw

o counts.  O
n 

his v iew
, appeals to the function of som

e trait T
 in organism

 O
 (1) help explain som

e biological 
capacity C

 of O
 (not the presence of T

 in O
) and (2) the form

 of explanation is "analytical" (not in 
term

s of causal conditions).  A
ccording to C

um
m

ins, a functional analysis decom
poses a large 

capacity of a system
 into various com

ponent capacities; he says (1975/1984 p.403): "T
he 

biologically significant capacities of an entire organism
 are explained by analyzing the system

 into 
a num

ber of ‘system
s’--the circulatory system

, the digestive system
, the nervous system

, 
etc.--each of w

hich has its characteristic capacities.  T
hese capacities are in turn analyzed into 

capaciti es of com
ponent organs and structures."  S

o, for exam
ple, attributing the pum

ping 
function to hearts helps to explain how

 the organism
 m

anages to get oxygen distributed to its 
cells.  S

uch explanations analyze the capacity of a com
plex system

 into capacities of its 
com

ponents and they do not entail or presuppose that the trait or com
ponent subsystem

 is there 
because it has the function that it does.  (F

or sim
ilar discussion about the evolution of color vision 

in m
am

m
als see Jacobs 1993.)  H

ence analytical explanations are neutral w
ith respect to the 

causa l relevance of the function to the presence of the trait.  T
hey are nonetheless explanatory 

because given a functional analysis one can understand how
 a larger system

 can have a certain 
c apacity in virtue of the capacities of its parts.  F

urtherm
ore, on C

um
m

ins’ view
, functional 

analyses are strongly interest-relative.  S
o, for exam

ple, if one is interested in how
 the liver 

contributes to atherosclerosis one m
ight ascribe to it the function of producing cholesterol.  

C
learly atherosclerosis is not to the selective advantage of an organism

, but unlike the standard 
line C

um
m

ins’ notion of function is not explicitly tied to natural selection.

H
i nde’s (1975) notion of the "w

eak" functional m
eaning can also be construed as an account 

sim
ilar to C

um
m

ins’.  O
n H

inde’s view
: "A

 w
eak m

eaning answ
ers the question ‘w

hat is it good 
for?’  . . . B

y contrast, ‘function’ in a strong sense attem
pts to answ

er the question ‘through w
hat 

consequences does natural selection act to m
aintain this character?’" (H

inde 1975, pp.5-6)  
H

inde’s strong sense appears to be a version of the standard line: the m
aintenance of the trait in 

the organism
(s) is causally explained by reference to natural selection.  B

ut in his w
eak sense of 

function, w
hat is explained is how

 a certain trait contributes to som
e further ability of the 

organ ism
.  H

inde’s exam
ple is that w

ings contribute to the capacity for flight.  T
his contribution 

can be understood independently of know
ing how

 (or even w
hether) flight contributes to survival 

and reproductive success, and hence to the presence of the trait.
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F
unctional analyses, in C

um
m

ins’ sense, are im
portant because they provide different levels of 

abstraction for the explanation of given phenom
ena.  F

or exam
ple, to understand how

 hearts 
contribute to the delivery of oxygen to cells it is necessary to know

 that they pum
p blood but it is 

not necessary to know
 the precise m

echanism
 by w

hich they do so--replacing a biological heart 
w

ith a functionally equivalent but physiologically different com
ponent such as a m

echanical heart 
need  not change the overall capacity of the system

.  E
nç &

 A
dam

s (1992) m
ake a sim

ilar point in 
term

s of w
hat they call the "T

hesis of M
ultiple R

ealizability", nam
ely that different m

icrolevel 
properties can underlie the sam

e functional properties.  C
laim

s m
ade at the functional level have 

a higher level of generality than claim
s that focus on m

icrolevel properties (see also Lipton &
 

T
hom

pson 1987).  T
he functional level, according to E

nç &
 A

dam
s, provides a classification 

schem
e for fram

ing hypotheses, but the functional properties are not them
selves causal.  E

nç &
 

A
dam

s say (1992 p.640): "T
he force of functional explanations is N

O
T

 derived from
 any causal 

role that teleological properties m
ay possess.  N

onetheless, function attributions do have an 
im

p ortant explanatory role."

S
everal com

m
entators (e.g. M

illikan 1989; S
ober 1993; G

odfrey-S
m

ith 1994) have argued for the 
pluralistic idea that biology should perhaps incorporate tw

o notions of function, one to explain the 
presence of traits and the other to explain how

 those traits contribute to the com
plex capacities of 

organism
s.  O

thers (e.g. G
riffiths 1993; K

itcher 1994) have argued that these tw
o apparently 

distinct notions of function can be unified by regarding the target of explanation as the biological 
fitness of a w

hole organism
.  T

inbergen (1963) m
ay also have accepted a sim

ilar unification of 
the di fferent notions of function (G

odfrey-S
m

ith 1994).  W
e favor the pluralistic account for 

reasons explained further below
.

3.5  W
H

AT
 IS

 T
H

E
 S

O
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R
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E
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F
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E
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O
LO

G
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 IN
 B

IO
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G
Y

?

N
AT

U
R

A
L S

E
LE

C
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N

:  T
he causal m

echanism
s that legitim

ize the use of teleological notions in 
bio logy trace back either directly or indirectly to natural selection.  A

ccording to the standard line 
the link to natural selection is direct; definitions of teleological term

s explicitly m
ention natural 

selecti on.  C
ybernetic view

s of biological teleology hold that teleological term
s can be defined 

cybernetically and that teleology in biology is appropriate insofar as biological system
s are 

cybernetic system
s.  S

uch view
s are discussed in the next subsection.

D
E

D
U

C
T

IV
E

-N
O

M
O

LO
G

IC
A

L E
X

P
LA

N
AT

IO
N

: Teleological claim
s in biology are abbreviated 

w
ays of giving deductive-nom

ological explanations of the presence of traits in organism
s.  N

agel 
(1961/1984 p.346) directly argued for the conclusion that "the prevalence of teleological 
explanations in biology does not constitute a pattern of explanation incom

parably different from
 

those cu rrent in the physical sciences"; hence it w
as im

portant for him
 not to appeal to the 

specifically biological m
echanism

 of natural selection.  T
he view

s of N
agel and H

em
pel w

ere 
discussed sufficiently in section 3.4 and w

ill not be covered again below
.

V
A

LU
E

: V
alue notions (such as w

hat is "good" for an organism
 or species) underlie all teleological 

cl aim
s in biology.  T

his is discussed im
m

ediately below
.
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D
iscussion

In their analyses of biological teleology, B
edau (1992) and V

an P
arijs (1982) propose to take 

serio usly the use of the w
ord "good" in questions such as H

inde’s "w
hat is it good for?" m

entioned 
above.  B

edau asks, "W
here’s the good in teleology?" and concludes that any satisfactory 

analysis of teleological claim
s in biology m

ust recognize that "value plays an essential role in 
them

" (B
edau 1992 p.781).  H

e distinguishes three grades of involvem
ent for value in teleology, 

ranging from
 m

ere production of good effects (level 1) through selection on the basis of effects 
that are good, but not necessarily because they are good (level 2) to the causal role played by 
conscious anticipation of good effects (level 3).  In B

edau’s w
ords (1992, p.802):  "M

any features 
of organism

s perform
 valuable functions, and so m

inim
ally have grade one teleology.  

F
urtherm

ore, the survival-prom
oting features produced by natural selection happen also to be 

good-producing features, so grade tw
o teleology in biology is vindicated.  O

n the other hand, 
grade three teleology in biology does not exist; there are no true full-blooded teleological 
explanations in biology.  E

xcept for the teleology traceable to the m
ind, the conditions required for 

grade three explanations are never present in the natural biological w
orld."  V

an P
arijs (1982 p.55) 

suggests a sim
ilar stratification in term

s of w
hether or not the agents involved recognize the 

effects as good effects.

B
edau’s reservation of the term

s "true" and "full-blooded" for grade three teleology suggest that 
he believes biological teleology is som

ehow
 less than full teleology.  A

t first blush this w
ould 

appear to com
m

it him
 to a teleom

entalist position rather than teleonaturalism
.  T

his issue is 
cla rified by B

edau (1991 p.655): "B
ut naturalists need not be narrow

.  A
 broader view

 of nature, 
perhaps roughly A

ristotelian in outlook, could reckon objective standards of value as part of the 
natural order.  A

ccording to this broader form
 of naturalism

 ... values w
ould be real inelim

inable 
natural properties, subject to broadly scientific investigation."

W
e do not have the space here to assess B

edau’s theory in detail except to rem
ark that appeals 

to A
ristotle are not likely to allay the fears of biologists im

pressed by M
ayr’s w

orry (ii) above, that 
such explanations m

ight be inconsistent w
ith m

echanistic explanations of the sam
e phenom

ena.  
B

edau &
 P

ackard (1991) provide a clue to w
hat B

edau (1992) m
ight m

ean by objective standards 
of value by stating that an organism

’s ability to survive and reproduce provides an objective 
criterion of its w

elfare.  B
ut given this characterization of value, it’s not entirely clear how

 this 
proposal  differs from

 natural selection to analyze biological teleology (but see V
an P

arijs 1982, 
chapter 2, for a possible explanation).

3.6   S
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D
IR

E
C

T
LY

: Teleological notions in biology should be defined directly in term
s of natural selection.  

V
ariants of this view

 are discussed in the section 3.7.

I N
D

IR
E

C
T

LY
: A

lthough natural selection m
ay be im

portant, it is only indirectly responsible for the 
a pplicability of teleological notions w

hich are directly grounded in their applicability to cybernetic 
system

s.  A
ccording to cybernetic view

s either the presence of feed back m
echanism

s in natural
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selection itself, or in the organism
s produced by natural selection, m

akes cybernetic and hence 
teleological term

inology appropriate.  T
hese view

s are discussed im
m

ediately below
.

D
iscuss ion

R
. D

aw
kins (1976) provides convincing reasons against regarding natural selection itself as a 

cy bernetic feed back m
echanism

.  S
everal authors, how

ever, have suggested applying cybernetic 
notions to individual organism

s (B
eckner 1969; M

ayr 1974; B
oorse 1976; A

dam
s 1979).  M

ayr 
(1974) differs from

 m
ost biophilosophers by focusing on the notion of goal-directedness rather 

than function as his m
ain teleological concern.  H

e adm
its that there is heuristic value in, as he 

puts it, "the teleological Fragestellung" (M
ayr 1974/1988 p.60).  H

e claim
s, how

ever, that a system
 

is genuinely goal-directed only w
hen it is controlled by a "program

", and he prefers P
ittendrigh’s 

label teleonom
ic for such system

s.  M
ayr also claim

s that the program
 notion is w

hat P
ittendrigh 

really had in m
ind w

hen he introduced the term
, although he adm

its that "P
ittendrigh’s discussion 

of teleonom
ic rather confused the issue" (M

ayr 1974/1988 p.48).  M
ayr (1988) adds a postscript 

to th e reprinted 1974 article.  In the earlier article he had claim
ed that the proper w

ay to treat the 
notion of a function needed further research.  In the postscript he argues that functions should be 
understood in term

s of the cybernetic notion of a program
 and he m

akes a distinction betw
een 

genetic program
s and som

atic program
s.  G

enetic program
s are those involving the direct control 

of D
N

A
.  S

om
atic program

s are only indirectly controlled by D
N

A
.  M

ayr says, "A
ll adapted 

system
s of an organism

 can be considered to be som
atic program

s.  If this w
ere accepted, then 

one could call the functional activities of adapted system
s teleonom

ic activities."  (1988, pp.62-63)  
M

ayr’s a ppeal to program
s to explain biological teleology, indeed his w

hole orientation tow
ards 

the notion of goal-directedness rather than function, has m
uch in com

m
on w

ith the cybernetic and 
control theory approaches to naturalizing teleology (such as A

dam
s 1979; see N

issen 1993 for 
discussion).

F
or M

ayr, the notions of adaptation and natural selection are relevant to the production of 
pro gram

s, as indicated by the m
ention of adaptation in the description of som

atic program
s 

quoted just above, and in the sum
m

ary conclusions of his 1974 paper w
here he says (1974/1988 

p.60):  "P
rogram

s are in part or entirely the product of natural selection."   In that paper, how
ever, 

he also claim
s that the notion of program

 is not specifically biological--it applies just as w
ell to 

artifacts, e.g., (M
ayr 1974/1988 p.49): "A

 clock is constructed and program
m

ed in such a w
ay as 

to s trike at the full hour."  O
n M

ayr’s account, it is the program
s them

selves, not the processes 
that produced those program

s, that are directly responsible for the appropriateness of teleonom
y.  

S
ober (personal com

m
unication) com

plains that M
ayr’s use of the notion of program

 here is an 
unexplained m

etaphor.  F
or exam

ple, w
here is the program

 in a clock?  S
ober objects that the 

idea of a clock being program
m

ed sim
ply am

ounts to the claim
 that som

eone designed it.  W
e 

agr ee that M
ayr’s use of this notion does not conform

 to the literal sense in w
hich com

puters m
ay 

be said to execute program
s and that M

ayr m
ust therefore explain his use of the notion before his 

account of biological teleology can be accepted.
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:  Teleological claim
s in biology should be evaluated w

ith respect to the 
present or future perform

ance of organism
s subject to selection.  A

ccording to forw
ard-looking, or



23 

dispositional, accounts of function, the functions of a given trait are those effects it is disposed to 
produce that tend to contribute to the present or future m

aintenance of the trait in a population of 
organism

s.  T
hus, for exam

ple, the claim
 that "a function of a play bow

 is to com
m

unicate that 
w

hat foll ow
s is play" m

eans that because play bow
s tend to have the effect of com

m
unicating that 

w
hat follow

s is play, the trait of perform
ing play bow

s is being and w
ill be m

aintained in the 
population.

B
A

C
K

W
A

R
D

-LO
O

K
IN

G
:  Teleological claim

s in biology should be evaluated w
ith respect to 

natural selection history.  A
ccording to backw

ard-looking, or etiological, accounts of function, the 
functions of a given trait are those effects the trait had in the past that contributed to the selection 
of organism

s w
ith that trait.  T

hus, for exam
ple, the claim

 that "a function of a play bow
 in a 

population of canids is to com
m

unicate that w
hat follow

s is play" m
eans that the past tendency of 

play bow
s to com

m
unicate that w

hat follow
s is play contributed to the reproductive success of 

ancestors of the present population.

D
isc ussion

F
orw

ard-looking or dispositional natural selection accounts of function use the present tendency 
or dispositions of an organism

’s traits to enhance the organism
’s future success under natural 

selection to define function.  H
inde appears to adopt a dispositional natural selection account 

w
hen he says (1975 p.4): "the function of all adaptive characters is ultim

ately the sam
e, nam

ely, 
contributing to eventual reproductive success" (our em

phasis) although he does not explicitly 
consid er or reject etiological accounts of function.

In contrast to H
inde, B

igelow
 &

 P
argetter (1987) argue for a dispositional natural selection 

account as an explicit alternative to etiological accounts.  T
hey say (1987 p.192): "A

 character 
has a function if and only if the character confers propensities w

hich are survival enhancing in the 
creature’s natural habitat".  T

hey are m
otivated to provide this account because they believe that 

etio logical natural selection accounts of function are explanatorily vacuous, for reasons rather 
sim

ilar to those given by T
hom

pson (1987).  N
am

ely, they believe that if a function of a trait is 
defined as w

hatever effects of the trait contributed to its m
aintenance in the population under 

natural se lection, then it w
ould be circular to explain the m

aintenance of the trait in term
s of its 

function (see E
nç &

 A
dam

s 1992, and M
itchell 1993 for criticism

s of their argum
ent).

B
igelow

 &
 P

argetter also differ from
 the standard line on w

hat functional explanations are 
supposed to explain.  T

he standard view
 is that functional explanations explain the presence of a 

trait in a set of organism
s.  B

igelow
 &

 P
argetter, how

ever, believe it is not the presence of the trait 
that is explained, but how

 that trait contributes to fitness (M
itchell 1993).  M

itchell (1993) argues 
th at this m

isrepresents the explanatory goals of biologists and defends the standard line.

W
right (1973/1984, 1976) proposed a backw

ard-looking analysis of function that has been very 
influential, especially am

ong philosophers:
T

he function of X
 is Z

 m
eans

(a) X
 is there because it does Z

,
( b) Z

 is a consequence (or result) of X
’s being there.

W
right’s account is described as etiological or historical because it defines function in term

s of
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the causal contribution of X
 doing Z

 in the past to the presence of X
.  W

right m
akes no explicit 

reference to natural selection in his definition of function because his definition is intended to give 
a general account of function applicable to both biological and non-biological cases.  A

ny process 
of sele ction w

ill satisfy clause (a) in W
right’s definition.  N

atural selection is a specific exam
ple of 

a selection process that allow
s the notion of function to be applied to biological cases.  T

he idea 
of basing a broad notion of function on a general notion of selection can also be found in W

im
satt 

(1972), w
ho traces it to M

ace (1935), and in M
illikan (1984) w

ho states (in M
illikan 1993) that her 

ideas about function developed along sim
ilar lines to W

right’s although she w
as unaw

are of his 
earlier w

ork.  W
im

satt (1972) and M
illikan (1984) both also treat natural selection the selection 

process that legitim
izes the notion of a biological function.

W
right’s definition has been w

idely criticized as too broad.  F
or exam

ple, B
oorse (1976) claim

s 
that it applies to a sm

all rock holding up a larger rock in a river in such a w
ay as to prevent the 

sm
aller rock from

 being w
ashed aw

ay--holding up the larger rock is then a function of the sm
aller 

rock on W
right’s definition.  E

xam
ples such as these have led several philosophers to m

odify 
W

right’ s original idea to include natural selection explicitly, thereby avoiding B
oorse’s 

counterexam
ples (e.g., N

eander 1991a,b; G
odfrey-S

m
ith 1994).  M

illikan (1984, 1993) had 
independently developed an account of function that avoids B

oorse-type counterexam
ples.  H

er 
definition of "proper function" places very specific conditions on the patterns of reproduction and 
selection of traits.  B

iological functions, on her account, are specific exam
ples of proper functions 

w
here biological reproduction and natural selection are the relevant m

echanism
s.  A

lthough 
M

illikan’s account of proper functions is intended to apply m
ore generally than just to biological 

fun ctions, the intricate details of her account are so obviously m
odeled on the biological 

processes of reproduction and natural selection, that her account is w
idely characterized as 

explicitly based on natural selection.

T
he basic idea behind etiological natural selection accounts of biological function is that a 

function of a trait is an effect of the trait that has contributed (in ancestral populations) to the 
preservat ion of the trait (in descendant populations) via the differential survival and reproduction 
of organism

s w
ith that trait.  T

hus, pum
ping blood is a function of your heart (and m

aking beating 
sounds isn’t) if blood pum

ping contributed to differential survival and reproduction of ancestral 
organism

s (but m
aking those sounds did not).

W
e belie ve that som

e version of the etiological natural selection account is probably the best w
ay 

to elucidate m
ost teleological claim

s in biology, but the exact details of such an account rem
ain to 

be w
orked out.  F

or exam
ple, opinions differ on how

 to handle subtleties such as w
hether a 

vestigial organ such as the hum
an appendix has a function it no longer perform

s or w
hether it no 

longer has a function (G
riffiths 1992).  S

om
e versions of the theory (e.g., M

illikan 1984) consider 
the entire evolutionary history for the purpose of attributing functions.  O

ther versions (e.g., 
G

odfrey-S
m

ith 1994) place m
ore em

phasis on the recent history of selection.  T
here are also 

differences of opinion over exactly how
 natural selection is to be involved in the definition of 

function.  (S
ee also P

apineau 1987; H
all 1990; N

eander 1991a,b; G
riffiths 1993.)  F

or present 
purposes w

e intend to leave such subtleties undecided, although further conceptual w
ork is 

clearl y needed.  T
he im

portant elem
ent of the account is that attributing a function to a trait is an 

abbreviated w
ay of (partially) explaining the persistence of the trait in a given population.
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E
tiological natural selection  accounts of function are versions of the standard line, introduced in 

section 2 above, that appear to avoid M
ayr’s criticism

s (i)-(iv).  C
learly, the explanations in term

s 
of natural selection m

ake no appeal to vital forces or m
ental control.  N

atural selection is 
com

patible w
ith m

echanistic explanation.  A
nd the etiological natural selection account of function 

avoids the problem
 of backw

ard causation because the functions of contem
porary hearts are 

explained in term
s of the selective advantage that hearts provided to ancestral organism

s.
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If etiol ogical natural selection accounts avoid M
ayr’s criticism

s, how
 do they fare w

ith respect to 
our fifth, m

ethodological concern?  H
ere w

e use a recent article on ant behavior by G
ordon et al. 

(1993) to illustrate som
e points about possible relationships betw

een experim
ental data and 

attributions of function.  O
ur purpose is not to im

pugn the fine experim
ental w

ork of G
ordon and 

her colleagues; w
e could have used m

any other functional claim
s in the literature to m

ake the 
sam

e points (see also W
illiam

s 1966, 1992; Lorenz 1981; M
. D

aw
kins 1986; G

ray 1988).

G
ord on et al. ask "W

hat is the function of encounter patterns in ant colonies?" and set out to 
answ

er this question in the laboratory by m
anipulating nestm

ate density for three different 
species of ant.  A

m
ong their results they discovered that ants change their antennal contact rates 

in response to the proportion of contacts w
ith conspecific non-nestm

ates, rather than absolute 
num

ber of non-nestm
ate contacts.  T

he correlation betw
een the behavioral response (rate of 

anten nal contacts) and an environm
ental variable (proportion of conspecific non-nestm

ates) 
seem

s to suggest that a function of antennal contacts has som
ething to do w

ith the presence of 
non-nestm

ates.  G
ordon et al. never directly answ

er their title question, but they speculate that 
"A

n ant that suddenly encounters alien ants m
ay be in danger ... the increase in contact rate, 

though short-lived, m
ay be sufficient to generate a defensive response to the intruders" (p. 1099).  

T
his leads to the plausible suggestion that a function of antennal contacts m

ay be to initiate 
defensive reactions to intruders, by helping ants "decide w

hether to engage in contact" (p. 1083).

D
o the experim

ental results justify this conclusion about function?  In the general case, does the 
correlation betw

een behavioral response B
 and environm

ental variable E
 support the claim

 that 
B

’s biological function is connected to E
?  T

he answ
er to the second question is no.  F

licking 
b eebees across the visual field of a frog w

ill increase its rate of tongue-flicking, but one should not 
infer from

 this experim
ental result that a function of frog tongue flicking is to catch beebees.

S
o w

hat is  the difference betw
een inferring function from

 the response of ants to non-nestm
ates 

and inferring function from
 the response of frogs to beebees?  T

he answ
er to this question 

centers on  background beliefs about species-typical encounter patterns that, in the case of the 
experim

enters, are based on extensive experience w
ith ants (see also G

ordon 1992).  O
ne is 

inclined t o accept the functional claim
 involving non-nestm

ates because of a prior idea that the 
presence of alien ants is likely to be a source of selection pressure for ants and therefore relevant 
to evolved function. O

n the other hand, one assum
es that frogs do not norm

ally encounter 
beebees in their natural environm

ents.  H
ence, one has the prior idea that beebees are not likely 

to have provided selection pressure on frogs and so should not be part of the description of a 
function of tongue flicks.  Frogs probably flick at beebees because beebees look like flies to them

. 
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B
ut the correlation betw

een tongue flicks and beebees does not tell us directly about evolved 
function (for discussion see S

hapiro 1992).  T
he m

ere correlation betw
een an experim

entally 
induced stim

ulus and a behavioral response is not in itself sufficient to justify a functional claim
.

A
ccording to our preferred w

ay of understanding the etiological natural selection account of 
function, a function of a trait is an effect of the trait that has contributed (in ancestral populations) 
to the p reservation of the trait (in descendant populations) via the differential survival and 
reproduction of entities w

ith that trait.  T
he claim

 that a certain effect of a trait is a function of that 
trait is justified by (i) show

ing that the trait had the effect in question in ancestral populations and 
(ii) show

ing that this effect tended to increase the fitness of ancestors w
ith the trait.  B

oth of these 
require establishing hypotheses about the past, but of course ethologists m

ust w
ork w

ith present 
populations.  N

onetheless, it is possible to support hypotheses about the past by studying 
present populations w

ith the help of reasonable assum
ptions about relevant sim

ilarity betw
een 

present ecological conditions and past ecological conditions.  T
hus the discovery that an effect of 

a certain trait increases fitness in present populations can often be used to support 
corresp onding claim

s about ancestral populations.

It is intuitively plausible to suppose that ants studied by G
ordon et al. encounter conspecific 

non-nestm
ates under natural conditions, and that such encounters are potentially hazardous.  

T
hese assum

ptions w
ere not, how

ever, tested in the experim
ental situation.  A

lso, one w
onders 

w
hether encounters w

ith m
em

bers of other species m
ight also bear on functions of encounter 

patterns.  G
ordon et al. cautiously call for further em

pirical field w
ork, and they really do not m

ake 
any very strong claim

s, but rather suggestions, about functions of antennal contacts.  W
hile w

e 
agree that m

ore field w
ork is needed, in and of itself it m

ay not help us to learn m
ore about 

function.  It is im
portant to stress that questions about function are extrem

ely difficult to answ
er 

and that the proper interpretation of further research requires students of behavior to m
ake 

explicit the background assum
ptions that drive their attributions of function and choice of 

m
ethods used to study function (G

odfrey-S
m

ith 1994).

5.  P
LU

R
A

LIS
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T
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O
ur  survey of the range of view

s show
n in F

igure 1 presented these positions as if they w
ere 

com
petitors in the space of possible "correct" accounts of the teleological notion of biological 

function.  T
his approach is represented by B

echtel (1986, p.40) w
ho says: "H

aving contrasted 
teleological functional analyses...w

ith...C
um

m
ins’ form

 of functional analysis, it rem
ains to show

 
w

hy the teleological conception should be preferred."  A
 num

ber of authors suggest, how
ever, 

that there m
ay be m

ore than one notion of function em
ployed by biologists corresponding to 

different explanatory projects.  M
illikan (1989) refers to an am

biguity in the term
 "function", and 

argues t hat there is room
 in biology for at least tw

o different notions--C
um

m
ins-functions and 

etiological functions (see also G
odfrey-S

m
ith 1994).  R

ather than seeing am
biguity, G

riffiths 
(1993 p. in press) argues that "T

he aetiological approach to ‘proper functions’ in biology can be 
strengthened by relating it to R

obert C
um

m
ins’ general treatm

ent of function ascription."  
C

um
m

ins (1976) expresses the view
 that causal explanations of the presence of traits have a 

different structure from
 analytical explanations of how

 traits contribute to com
plex capacities.  

G
iven this it is not clear that G

riffiths is right that the tw
o notions can be easily com

bined.  T
his 

speculation of ours is, how
ever, far from

 being a rigorous argum
ent that it cannot be done.
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K
itcher (1994 p. in press) also notes that "P

hilosophical discussions of function have tended to pit 
different analyses and different intuitions against one another w

ithout noting the pluralism
 

inh erent in biological practice."  H
e believes how

ever, that C
um

m
ins-functions and etiological 

accounts can be unified by the connection betw
een function and design.  W

e w
ill return to 

K
itcher’s view

 about this connection in P
art F

our below
, after discussing the notion of design.

A
lthough M

illikan and G
odfrey-S

m
ith endorse the pluralistic view

, they believe, and w
e agree, that 

som
e version of the etiological natural selection account of function underlies the m

ajority of 
functional claim

s m
ade by ethologists.

P
art F

o
u

r: D
istin

g
u

ish
in

g
 D

esig
n

 fro
m

 F
u

n
ctio

n

1.  D
E

S
IG

N

In the debate about biological teleology, relatively little attention has been paid to the notion of 
natural design.  It is com

m
on for authors to slide betw

een claim
s about function and design as if 

they accept the principle [N
D

]: T
 is naturally designed for X

 if and only if X
 is a biological function 

of T.  F
or som

e authors, acceptance of som
ething like N

D
 is explicit.  F

or exam
ple, K

itcher (1993 
p. in press) w

rites: "the function of an entity S
 is w

hat S
 is designed to do" and M

illikan (1984 
p.17) states that "H

aving a proper function is a m
atter of having been ‘designed to’ or of being 

‘supposed to’ (im
personal) perform

 a certain function."  M
any other authors w

rite as if they 
im

plicit ly accept N
D

 (e.g. W
illiam

s 1966 p.9).  If one adopts the principle N
D

, then the claim
 that 

hearts are a product of natural design m
eans nothing m

ore than that hearts have a biological 
function.

T
her e is nothing logically w

rong w
ith collapsing the notions of design and function in this m

anner, 
and it has the advantage that if the notion of biological function is successfully naturalized then so 
is the not ion of natural design.  W

e believe, how
ever, that the conflation of design and function in 

N
D

 is unfortunate.  C
ases of psychological design and function allow

 for certain distinctions to be 
draw

n b etw
een design and function.  W

e believe that sim
ilar distinctions are potentially useful to 

the study of behavior.  S
o w

e advocate rejecting N
D

 w
hile still basing the analysis of natural 

design on natural selection.  T
his distinguishes our view

 from
 that of O

llason (1987 p.549) w
ho 

cla im
s that "O

ptim
al foraging theory has nothing to do w

ith the theory of evolution: it has to do 
w

ith the science of design", w
hich entails that the science of design has nothing to do w

ith the 
theory of evolution.

T
he m

ethodology here is a little com
plicated.  T

he teleological notions of function and design as 
used by e volutionary biologists are technical notions.  A

lthough these term
s have uses in 

psychological contexts, w
e have argued that their uses in biological contexts should be 

understood in w
ays that do not m

ake biological teleology derivative of psychological teleology.  
T

he strong constraints on analyses of teleological notions in biology are provided by biological 
and general scientific practice; considerations from

 psychological usage provide w
eak constraints 

a t best on biological uses, and at w
orst they are possible sources of confusion.  N

onetheless, w
ith 

care, considerations about distinctions betw
een the notions of function and design in 

psychological contexts can be used to help understand possible roles for the notion of natural

28 

design in biology.  D
istinctions that are m

ade in psychological uses of "function" and "design" can 
provide m

odels for distinctions that m
ight be useful in biology.  T

hus, our strategy is to consider 
ordinary psychological usage and to apply w

hat w
e learn to help develop a useful account of 

natu ral design.

2.  T
W

O
 S

E
N

S
E

S
 O

F
 D

E
S

IG
N

 IN
 P

S
Y

C
H

O
LO

G
IC

A
L T

E
LE

O
LO

G
Y

W
e s tart by m

aking clear an am
biguity in the psychological use of "design".  In paradigm

atic 
applications to hum

an activity, the term
 "design" has at least tw

o different, but related, senses.

F
irst there is a sense of "design" w

hich corresponds to detailed planning prior to, or 
contem

poraneously w
ith, the execution of a sequence of behaviors w

hich is geared to achieving 
a specific goal.  T

his is the sense in w
hich, for exam

ple, architects design buildings or football 
coaches design plays.  D

esign in this sense involves m
aking som

e functional considerations 
explicit and attem

pting to shape an object or behavior to im
plem

ent those functions.  T
he result of 

su ch a process is properly called an artifact.  T
he process of design frequently involves trial and 

error testing of successively m
odified versions of a given product, w

hether that product is a 
physical artifact or som

ething like a particular set play in a football gam
e.  W

e w
ill call this sense 

of design "goal-driven design".  D
om

esticated anim
als provide an interesting case w

here hum
an 

goal-driven design m
ay be superim

posed on natural design (see D
aniels &

 B
ekoff 1990; also see 

K
atz 1993, w

ho seem
s to hold the im

plausible view
 that anim

als belonging to dom
esticated 

species are entirely artifacts).

S
econd there is a sense of "design" w

hich m
eans intentional.  A

 person m
ay, for exam

ple, be rude 
to som

eone by design, i.e., intentionally.  A
n action m

ay be intentional, despite little thought about 
the point of the action or its consequences.  O

ne m
ay intentionally be rude to a person even if 

one has not considered w
hat objectives are served by being rude or w

hat the fallout w
ill be.  W

e 
w

ill call this sense of design "intent-design".

T
he tw

o senses of "design" are related because goal-driven design paradigm
atically entails 

intent-design.  T
hey are, how

ever, also distinct because goal-driven designers typically take care 
to attem

p t to anticipate and overcom
e contingencies w

hich threaten the success of the project, 
w

hereas this is not true, in general, of intentional actions w
hich m

ay occur w
ith relatively little 

f orethought.  W
hen designers do not anticipate contingencies diligently, it is appropriate to call 

som
ething poorly designed, m

eaning it is ill-suited to the task at hand.  In contrast, w
hen speaking 

of an action that w
as done deliberately, unless one is using "design" in its goal-driven sense it is 

as m
eaningless to call the action poorly designed as to call it poorly intended.

H
aving distinguished the tw

o senses, w
e w

ill restrict our attention to goal-driven design.  W
hen 

discussing psychological contexts below
, unless explicitly noted, "design" is to be read as 

"goal-driven design".
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In psychological contexts, (a) design determ
ines function, but (b) not everything that has a 

function is designed.  Take (b) first.  In T
he D

ixie C
hicken in C

ollege S
tation and m

any other
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dow
n-hom

e drinking establishm
ents in Texas, stags’ heads function as w

all decorations.  T
hey 

are clearly not designed for that purpose.  (A
lthough the stags’ heads w

ere presum
ably put on the 

w
all intentionally, hence by intent-design.)  Likew

ise, the function of a rock on a desk m
ay be to 

hold d ow
n loose papers, but unless the rock has been m

odified by, e.g., having a flat base 
chiselled into it, it is not appropriate to say that this object w

as designed for the purpose of 
holding dow

n papers.  T
hus, having a function does not entail being designed for that function.

N
ow

 (a).  W
here conscious design is involved, if one know

s w
hat som

ething is designed for then 
one know

s its (intended) function.  T
his is so even if the item

 in question is incapable of 
perform

ing that function.  C
onscious design determ

ines function so strongly that an entire class 
of things m

ay have a given function even if none of them
 is capable of perform

ing that function.  
P

rior to O
rville and W

ilbur W
right m

any contraptions w
ere designed for heavier-than-air flight, yet 

none of them
 succeeded in flying.  E

ven if m
odern aviation had never, so to speak, gotten off the 

ground, it is nonetheless true that the function of those rem
arkable contraptions w

as to fly, 
precisely because they w

ere designed (albeit poorly) to fly.  B
iological functions are disanalogous 

in an  im
portant w

ay.  A
lthough individual hearts (e.g., m

alform
ed hearts) m

ay fail to pum
p blood, 

hearts w
ould not have the function to pum

p blood unless som
e of them

 succeeded.  F
or a thing to 

possess a biological function, at least som
e of the m

em
bers of the class of things that have that 

function m
ust have successfully perform

ed the function.  T
his is not true in cases of psychological 

design, w
here design can determ

ine function--all the m
em

bers of the class of things designed to 
have that function m

ight have been unsuccessful in perform
ing it.  S

om
e authors (e.g. W

right 
1976; A

chinstein 1977; V
an P

arijs 1982) call such cases "deviant" or "m
arginal".  N

evertheless, 
the differ ence holds--they can arise in cases of psychological teleology, but not in cases of 
biological teleology.

To sum
m

arize, in psychological contexts, (i) a w
hole class of things designed for F

 m
ay fail to 

perform
 F

 yet still have F
 as a function and (ii) som

ething can have a function F
 although not 

designed to perform
 F.
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T
he pre ceding distinctions m

ade about design in psychological contexts suggest tw
o 

corresponding questions about the relationship of natural design to biological function: (1) A
re 

the re cases w
here it is appropriate to say that a trait is naturally designed for X

 even though it 
does not have X

 as a biological function? (2) A
re there exam

ples w
here it is appropriate to say 

that a trait has a certain biological function but is not a product of natural design for that function?  
A

nsw
ers to these questions w

ill, of course, depend on w
hat account one gives of biological 

function and natural design.

A
s w

e rem
arked in P

art T
hree of this paper, w

e believe that the m
ajority of claim

s m
ade by 

ethologists about biological function can be understood to presuppose som
e version of an 

etiological natural selection account of function--on our account a function of a trait is an effect of 
the trait that has contributed (in ancestral populations) to the preservation of the trait (in 
descend ant populations) via the differential survival and reproduction of organism

s w
ith that trait.  

F
or the purposes of this section w

e w
ill take questions (1) and (2) above to be referring 

specifically to etiological natural selection accounts of function.  To answ
er the questions,
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how
ever, it is still necessary to have an account of natural design.

W
e propose to analyze natural design as involving tw

o com
ponents.  W

e say that a trait T
 is 

natur ally designed to do X
 m

eans that
   (i) 

X
 is a biological function of T

 and
   (ii) 

T
 is the result of a process of change of (anatom

ical
or beh avioral) structure due to natural selection that
has resulted in T

 being m
ore optim

al (or better adapted)
for X

 than ancestral versions of T.
T

his account of natural design incorporates the notion of function in clause (i) so it has the 
straightforw

ard consequence that the answ
er to question (1) is no, there are no cases w

here it is 
appropriate to say that a trait is naturally designed for X

 even though it does not have X
 as a 

biological function; being naturally designed for X
 alw

ays entails having X
 as a biological function.  

C
om

ponent (i) has already been extensively discussed, so the rem
ainder of this section focuses 

on (ii).

T
he aspect of (ii) likely to be m

ost controversial is its involvem
ent of the notion of optim

ality or 
adaptedness.  G

ould &
 Lew

ontin (1978) criticized adaptationism
 as P

anglossian--i.e. as entailing 
belief that this is the best of all possible w

orlds.  D
ennett (1983/1987) attem

pts to defend the 
P

anglossian paradigm
 as involving an idealizing assum

ption about natural selection--an 
assum

ption that is probably not true but that is necessary for m
aking predictions using the theory 

of natural selection.  B
yers &

 B
ekoff (1990) w

orry that argum
ents for optim

ality can easily involve 
logica l errors and are bothered that in m

any cases em
pirical studies m

ake an adaptationist 
assum

ption on the basis of inadequate em
pirical evidence.

C
lause (ii) of our analysis avoids these w

orries because it stresses com
parative judgm

ents about 
traits of organism

s, e.g., that the traits of present organism
s are better at producing som

e effect 
than the corresponding traits of ancestral organism

s.  F
or exam

ple, it is com
m

only hypothesized 
that t he lineage from

 land-bound saurians to birds involved progressive m
odification of the 

forelim
bs into the m

ore aerodynam
ically efficient form

s of w
ings found in extant species.  

P
resum

ably , variations in forelim
b anatom

y w
ere subject to natural selection for their ability to 

keep the ow
ners of those forelim

bs airborne.  O
n our view

, to say that (m
ost) birds’ w

ings are 
designed for flying is to say that (i) enabling flight is a biological function of (m

ost) birds’ w
ings and 

(ii) th e extant m
orphological form

s of such w
ings are the result of a process of m

odification of 
earlier form

s w
here the overall tendency has been tow

ards better adaptation for flying.  C
laim

s 
about the natural design of w

ings are assessed by com
paring ancestral form

s w
ith descendant 

form
s w

ith respect to effectiveness for the function of flying.  S
uch com

parisons can be very 
specific indeed.  F

or exam
ple, the glide ratio of eagle w

ings can be com
pared to the glide ratio of 

t he w
ings of eagle ancestors, perhaps the archaeopteryx.  If an eagle’s w

ings result in a higher 
glide ratio than its ancestors’ w

ings and having a higher glide ratio provides a com
parative fitness 

a dvantage, then it can be said that the eagle’s w
ings are designed for soaring.

C
om

parative judgem
ents do not require the P

anglossian assum
ption.  T

his claim
 is based on a 

sim
ple  point about the logic of com

parative statem
ents that, despite its sim

plicity, is frequently 
overlooked.  To claim

 that A
 is m

ore optim
al or better adapted than B

 w
ith respect to som

e 
function does not entail that A

 is optim
al or even good w

ith respect to that function.  F
or exam

ple,
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a C
adillac m

ay be better than a R
olls R

oyce w
ith respect to converting fuel into distance travelled, 

but it does not follow
 that the C

adillac has good, let alone optim
al, fuel efficiency.  C

lause (ii) is 
com

m
itted only to a com

parative claim
 about traits.   T

hus, for exam
ple, no statem

ent about the 
overall adaptedness or optim

ality of birds’ w
ings for flying is im

plied.  R
use (1993) draw

s a sim
ilar 

distinction betw
een the notions of "com

parative progress" and "absolute progress" (see also the 
contributions to N

itecki 1988).  It w
ould take us too far afield to discuss the notion of evolutionary 

progres s here, but w
e are sym

pathetic to H
ull (1988 p.45) w

ho claim
s that "biological evolution 

has not just [one] direction, but lots of them
."  In other w

ords, there are lots of bases for 
com

parison, no one of w
hich can be singled out as an absolute standard.

T
he proces s of m

odification by natural selection can reasonably be com
pared to trial and error 

processes em
ployed in m

any hum
an design endeavors.  T

his approach is suggested by D
ennett’s 

notion of a "D
esign S

tance" that can be applied to any com
plex system

 (D
ennett 1971, 1983, 

1987).  O
ur view

, how
ever, is that the use of the term

 "natural design" can also be justified 
naturalistically w

ithout falling back to the teleom
entalist position that natural design is properly 

understood  in direct com
parison to conscious design by psychological agents.  N

aturalizing the 
notion of design is, how

ever, m
ore difficult than naturalizing the notion of function.  T

he notion of 
function is neutral w

ith respect to the phylogenetic pathw
ay by w

hich a trait acquires a function.  
C

onsider again bipedal standing by hares.  H
olley (1993) argues that the function of this behavior 

is to indicate to predatory foxes that they have been detected.  A
ccording to the etiological natural 

selection account, H
olley’s hypothesis about functions is justified if his data support the claim

s 
that bipedal standing by ancestral hares had this effect on ancestral foxes, and that this effect w

as 
(par tially) responsible for those ancestral hares passing this trait on to their descendants.  T

he 
functional hypothesis does not require show

ing that the behavioral trait of bipedal standing is a 
direct m

odification of som
e ancestral trait that w

as less efficient w
ith respect to its effects on 

foxes.  H
ow

ever, a design claim
 for bipedal standing w

ould, on our analysis, require such a 
com

parison to be m
ade.

T
his discussion suggests that the answ

er to question (2) above should be yes, there m
ay be 

exam
ples w

here it is appropriate to say that a trait has a certain biological function but is not a 
product of natural design for that function (although it m

ay be a product of natural design for som
e 

other function).  H
ow

ever, because show
ing design is considerably m

ore difficult than show
ing 

function, especially for behavioral phenotypes, such exam
ples are likely to be difficult to find.  

G
ould’s (1980) discussion of the panda’s thum

b provides an intuitively plausible exam
ple of a 

non-behavioral trait w
ith a function--stripping bark from

 bam
boo--for w

hich it is apparently not 
designed given that the thum

b apparently show
s no special m

odifications for bark stripping, 
although the m

aintenance of this trait can presum
ably be (at least partially) explained by its 

contribution to bark stripping.  H
ow

ever, the com
parative evidence needed to support this claim

 is 
not rea dily available.

S
im

ilar m
ethodological issues are relevant to ethologists studying behaviour patterns such as 

helping, foraging, and group living (see Jam
ieson 1986, 1991; G

ray 1987; W
hite et al. 1991; Ligon 

&
 S

tacey 1991; E
m

len 1991; R
ichard-H

anson 1993).  F
urtherm

ore, the classical account of the 
developm

e nt of com
m

unicative signals via the ritualization of intention m
ovem

ents (T
inbergen 

1952) also provides a useful dom
ain for com

paring claim
s about function and design.  M

any 
organism

s derive inform
ation from

 the behavior of others and it is com
m

on to consider transfer of
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inform
ation as a defining feature of com

m
unication (A

llen &
 H

auser 1993).  H
ow

ever, several 
layers of sophistication can usefully be distinguished.  M

inim
ally, the behavior of one organism

 
m

ay sim
ply have the effect of providing inform

ation to another organism
; for exam

ple, the arrival 
of a m

igr atory bird m
ight allow

 a hum
an observer to infer that the season is about to change.  

U
nless this effect on hum

an observers provided a selective advantage to ancestors of this bird, 
then it is not appropriate to call com

m
unication about change in season a function of the 

m
ig ratory behavior of the bird.  F

or the transfer of inform
ation to be a function of a behavior, the 

behavior has to have been selected for its com
m

unicative effect, leading m
any biologists to have 

inc luded selective advantage in their definitions of com
m

unication (see for exam
ple 

E
ibl-E

ibesfeldt 1975; A
lcock 1993; D

rickam
er &

 V
essey 1993).  B

ehavior patterns such as 
shivering and piloerection, that m

ay convey inform
ation about body tem

perature, horm
one levels, 

or the likelihood of fight and flight responses, m
ay becom

e transform
ed via ritualization into 

differentiated expressive behaviors (E
ibl-E

ibesfeldt 1975).  B
oth ritualized and unritualized 

behavioral patterns can function to com
m

unicate inform
ation--under certain circum

stances, 
how

ever, the process of ritualization m
ay transform

 unritualized behaviors into signals that are 
clearer and less am

biguous than their ancestral form
s (E

ibl-E
ibesfeldt 1975).  R

itualization is an 
exam

ple of the sort of change required to satisfy clause (ii) of our definition of natural design.  If 
m

easures of com
m

unicative efficiency can be derived from
 notions such as clarity and lack of 

am
biguity, and if these m

easures can be applied to behaviors in the sequence from
 unritualized 

behavior to ritualized behavior, then it w
ill be possible to assess the claim

 that ritualized behaviors 
are signals that are designed for com

m
unication.  T

he chief m
ethodological difficulty lies in 

com
paring extant form

s of a ritualized behavior to ancestral form
s.  H

ow
ever, assum

ing that such 
com

pa risons can be m
ade, it is reasonable to regard som

e behaviors as having com
m

unication 
as a function w

ithout being designed for com
m

unication, w
hile regarding som

e signals as 
specialized behaviors that are designed for com

m
unication.

T
he next s ection addresses the m

ethodological difficulties involved in show
ing that a trait is or is 

not naturally designed for som
e function, but before going on to discuss these, it is w

orth 
cont rasting our view

s on function and design w
ith G

ould &
 V

rba’s (1982) distinction betw
een 

adaptation and exaptation.  G
ould &

 V
rba apply the term

 adaptation w
hen natural selection has 

shaped a trait for som
e use; their notion of "shaping" appears to correspond to our clause (ii) 

above.  T
hey recom

m
end applying the term

 function only w
hen shaping by natural selection is 

involved, w
hich on our view

 conflates the notions of function and design.  T
hey introduce the term

 
exaptation to cover cases w

here either a selected trait of an organism
s is coopted for a new

 use 
or w

here a characteristic that is produced and m
aintained by m

echanism
s other than natural 

selection is coopted for a current use.  A
s G

ould &
 V

rba use the term
s, traits in such cases m

erely 
have effects, they do not have functions.  M

illikan (1993, p.45) notes that "[G
ould &

 V
rba] are 

aw
are, of course, that [their] restriction on the term

 ‘function’ is stipulative and not just a reflection 
of  general biological usage."  G

riffiths (1992) relies on an etiological natural selection account of 
function and argues that G

ould &
 V

rba m
ischaracterize the distinction betw

een function and 
(m

ere) effect.  W
e agree.  If the effects of a trait raised the fitness of ancestral organism

s 
possessing that trait and thus contributed to the inheritance of the trait by descendant organism

s, 
then w

hether or not the trait is shaped by selection such effects are indeed functions.  G
riffiths 

proposes to characterize such cases as "exadaptations" rather than adaptations and he proposes 
to use the term

 function in both cases, but like G
ould &

 V
rba he also fails to distinguish function 

from
 design.  T

hus our usage, sum
m

arized in Table 1, differs from
 both G

ould &
 V

rba’s (1982) and



33 

G
riffiths’ (1992) by distinguishing function from

 design, w
hile it agrees w

ith G
riffiths’ usage, but not 

w
ith G

ould &
 V

rba’s, on the range of cases to w
hich the notion of function correctly applies.

---------- ------------------------
    P

lace Table 1 here
----------------------------------

5.  E
V

ID
E

N
C

E
 B

A
S

E
S

 F
O

R
 N

AT
U

R
A

L D
E

S
IG

N

O
n our account, to show

 that a trait T
 is naturally designed for som

e effect X
, in addition to 

show
ing that X

 is a function of T
 one m

ust also show
 evidence of structural changes in the 

phylogeny of T
 so that T

 is better suited for X
 than ancestral versions of T.  T

his additional 
requirem

ent can be very hard to m
eet, especially w

hen the trait in question is a behavioral trait.

S
om

e, but not m
ost, anatom

ical traits leave traces in the fossil record.  H
ence, for exam

ple, it is 
possible to use fossils to build m

odels of archaeopteryx w
ings and then test these for 

aerodynam
ic properties in com

parison to the w
ings of m

odern birds.  S
oft tissues fossilize poorly 

so it can be very difficult to find paleontological evidence to support claim
s about the design of 

features of soft tissues.  N
onetheless, it is som

etim
es possible to m

ake inferences about soft 
tissue from

 fossils--for exam
ple, m

uscle arrangem
ents can be deduced by noticing apparent 

attachm
ent points on fossilized bones.  It is also som

etim
es possible to draw

 inferences about 
ancestral form

s by com
paring species from

 different taxa.  T
hus, for exam

ple, one m
ight infer 

natural design in hum
an lungs by com

paring m
em

brane oxygen transfer rates to those in the air 
sacs of certain extant fishes.  S

uch inferences are necessarily very tenuous because they 
depend on m

any assum
ptions about the sim

ilarity of those fishes to the com
m

on ancestor of 
terrestrial vertebrates.

Inferences  w
ith respect to design of behavioral traits are alm

ost exclusively lim
ited to the last 

kind--nam
ely com

parison of different extant species and populations.  Inferences to the 
phylogeny of behavior based on such com

parisons are difficult but not im
possible.  F

or exam
ple, 

G
ol ani (1992) attem

pts to identify m
ovem

ent patterns and gradients of m
ovem

ent differences 
across vertebrate species from

 different taxonom
ic groups.  B

y looking at variation from
 the 

shared m
ovem

ent patterns of vertebrates G
olani hopes to derive w

hat he calls (p.264) "the 
grou nd plan of vertebrate behavior".  If such a project can be carried out, it m

ight be possible to 
m

ake com
parisons about the relative effectiveness of variations in behavior for specific tasks.  It 

m
ight then be possible to draw

 further inferences about the evolutionary developm
ent of com

plex 
behaviors, on w

hich claim
s about behavioral design could be based.  T

he m
ethodological 

difficulties are enorm
ous and not w

ell understood.  T
his is a prim

e area for future interdisciplinary 
and  com

parative investigation by biologists and philosophers.

C
o

n
clu

d
i n

g
 R

em
arks

A
 lengthy conclusion is not necessary for w

e have attem
pted to sum

m
arize each section along 

the w
a y.  It is obvious that additional com

parative and interdisciplinary research is needed, and 
that it w

ill have to involve detailed description, observation, and experim
entation.  A

ll of those 
involved in m

aking claim
s about function and design need to be clear and explicit about the
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conceptual com
m

itm
ents involved.  A

s w
e (and others) have show

n, function and design are 
com

plex notions, and w
hile they m

ay lend them
selves to being discussed together, they should 

not be conflated.  C
om

parative w
ork is im

portant but w
ill not provide all the answ

ers (W
illiam

s 
1992 p. 41).  N

or w
ill interdisciplinary w

ork of the type exem
plified here.  D

ifferent approaches 
m

ust be com
bined.

R
eaders w

ho are prim
arily interested in the ethological or behavioral ecological study of function 

and design should realize that m
any of the problem

s that w
e have raised in this essay w

ere of 
concern to pioneering ethologists such as K

onrad Lorenz and N
iko T

inbergen.  W
enzel (1992), 

w
ho addresses function in his discussion of behavioral hom

ology and phylogeny, has boldly 
claim

ed that (1992 p.361) "E
thology has m

ade alm
ost no advance w

ith respect to a phylogenetic 
understanding of behavior since the late 1950s, and m

ost m
odern ethologists sim

ply do not w
ork 

tow
ard that goal.  To honor the proud heritage of Lorenz and T

inbergen w
e need only to be brave 

and begin."  S
im

ple or univocal claim
s about function and design w

ill probably fail for any but the 
m

ost grossly characterized behavioral phenotypes.  B
ehavioral phenotypes do not fossilize 

m
aking it difficult to trace their phylogeny; because of this fact w

e m
ust be open to pluralistic 

m
ethods.

F
inally, although it has been the focus of this paper, teleology is not the w

hole story in the 
explanation of behavior.  C

lassical ethologists w
ould agree (T

inbergen 1951/1989; Lorenz 1981).  
T

inbergen (1951/1989 p.4) w
rote: "T

here has been, and still is, a certain tendency to answ
er the 

causal question by m
erely pointing to the goal, end, or purpose of behaviour, or of any life 

process  period.  T
his tendency is, in m

y opinion, seriously ham
pering the progress of ethology."  

S
tatem

ents about function and design are just one part of the explanatory picture.  W
e m

ust pay 
careful attention to the criteria that are used w

hen each of us offers w
hat w

e think is the best 
explanation in term

s of function or design.
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