
The Panda’s Thumb: Design and 
Optimality from Plato to Endo 

Darwin and modern Darwinists such as Gould and Dawkins argue that the sub-optimality of
biological structures is evidence against their having been consciously designed. Creationists
and other design theorists often respond by arguing that biological structures are actually
optimal. These arguments have a certain weight, as doubt has been cast upon the sub-
optimality of the most popular Darwinist example, the panda’s pseudo-thumb. However,
conscious, and even divine, design is logically independent of optimality. 

In fourth century BC Greece, the relationship between design and optimality was the opposite
of the usual one today, as Plato believed in designed sub-optimality, and Aristotle in non-
designed optimality. The tendency to confuse these issues can be traced back to Aristotle and
Galen. Darwinist (and anti-Darwinist) arguments have a long history, which is generally
disregarded, exemplifying the ignorant ahistoricality of much modern science.

The argu ment that the sub-optimality

of the nat u ral world pro vides evi dence

against it hav ing been con sciously

designed has a long ped i gree,1 and is closely

allied to the wider anti-the ist argu ment

based on the prob lem of evil. One mod ern

incar na tion of this argu ment, that the sub-

optimality of bio log i cal struc tures shows

that they were not con sciously designed, is a 

cru cial com po nent of Dar win ism. This argu -

ment was cen tral to the thought of Charles

Dar win,2 and is per haps even more so to

that of many mod ern evo lu tion ary biol o gists, 

par tic u larly Ste phen Gould.3

Anti-Dar win ists often respond to the

Dar win ist argu ment from sub-optimality by

dis put ing the sub-optimality of bio log i cal

struc tures. For exam ple, they may argue that 

many ves ti gial struc tures are func tional,4

that struc tures sup pos edly ren dered sub-

opti mal by their ances try, such as the ver te -

brate eye, are actu ally opti mal,5 and/or that

there is no such thing as non func tional

DNA.6 These argu ments may or may not

be valid, but they are beyond the scope of

this arti cle, the aim of which is to uncou ple

design and optimality, which are fre quently

linked in the debate between Dar win ists and 

design the o rists. Wil liam Dembski has shown

that nondesign can not be reli ably deduced

from non-optimality,7 but I go fur ther than he 

does, argu ing that design and optimality are

log i cally inde pend ent, quite apart from his

sug ges tion of the pos si bil ity of non-appar ent 

optimality in cir cum stances in which opti -

malization is con strained. In addi tion, I

exam ine the his tor i cal rela tion ship between

design and optimality, which has led to a

great deal of con fu sion.

Logical Independence of
Optimality and Design
The Possibility of Nondesigned
Optimality
One may reject design yet accept optimality.

A strik ing exam ple is pro vided by the giant

panda’s pseudo-thumb. The panda’s hand

has six dig its, but its pseudo-thumb, the only 

oppos able digit in a nonprimate, is con sid -

ered to have evolved from the radial sesa -

moid bone in the wrist.8 This organ was

Gould’s “favor ite exam ple” of imper fec tion

due to his tory.9 He writes:

An engi neer’s best solu tion is debarred 
by his tory. The panda’s true thumb is
com mit ted to another role, too spe cial -
ized for a  different func tion to become
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an oppos able, manip u lat ing digit. So the panda must
use parts on hand and set tle for an enlarged wrist
bone and a some what clumsy, but quite work able,
solu tion. The sesamoid thumb wins no prize in an
engi neers’ derby. It is … a con trap tion, not a lovely
con triv ance.10

Rich ard Dawkins, prais ing Gould’s essay, com ments that

“evo lu tion can be more strongly sup ported by evi dence of

tell ing imper fec tions than by tell ing per fec tion.”11

Hideki Endo, et al., however, now have shown this

pseudo-thumb to be at least less sub-opti mal than thought:

We sug gest that the three func tional units, and the
dou ble-pin cer-like appa ra tus of which they are made,
can be com pletely con trolled only by the same mus -
cu lar sys tem that is found in other bear spe cies. … the 
hand of the giant panda has a much more refined
grasp ing mech a nism than has been sug gested in
 previous mor pho log i cal mod els.12

This pres ents no dif fi culty for Dar win ism. To take a

hypo thet i cal extreme case, if every bio log i cal struc ture

were proven to be opti mal, it would be pos si ble to explain

this in Dar win ian terms, as one would be able to argue

that struc tural optimization by con ver gent evo lu tion ary

path ways has been fol lowed through to com ple tion. As

Dar win ism is equally com pat i ble with optimality and

sub-optimality, it is not valid to offer sub-optimality as

evidence for Darwinism.

The Possibility of Designed Sub-optimality
One can accept design yet reject optimality. The approach

one takes depends on the type of designer in which one

believes: nondivine designer(s) or God.

If one believes in an incom pletely good, wise or pow er -

ful designer, sub-optimality pres ents lit tle dif fi culty. This

applies to John Stu art Mill’s non-omnip o tent “God,”13 the

gods of poly the is tic reli gions, and the extra ter res tri als of

Erich von Däniken14 and Fran cis Crick.15 Such a belief was

also a fea ture of the Manichaean and clas si cal Zoro as trian

sys tems, with the for mer involv ing cre ation by an evil

deity in rebel lion against a good one, and the lat ter a con -

flict between good and evil dei ties.

Jews, Chris tians, and Mus lims believe in the abso lute

good ness, wis dom, and power of God, and this doc trine,

the ism, also some times has appeared in non-Abrahamic

intel lec tual milieux, such as Dvaita Vedanta. There are

four ways in which the ists may tackle the prob lem of bio -

log i cal sub-optimality, none of which are espe cially ad hoc:

First, the is tic think ers have for mu lated var i ous theod -

icies with respect to evil. As Paul Nel son has pointed out,16

some of these are equally appli ca ble to sub-opti mal bio log i cal

design. For exam ple, Augus tine of Hippo17 and Leibniz18

argued that evil exists for a good pur pose, and only appears

evil to humans because we lack God’s omni science.

Sec ond, not with stand ing the pop u lar ity of theodicy, I

would argue that the main teach ing to be drawn from the

Bible is that ques tion ing of God’s motives is ille git i mate.19

This atti tude is influ en tial in most forms of Juda ism and

Chris tian ity, and is dom i nant in Cal vin ism20 and Islam.

Clearly, if it is ille git i mate to ques tion why God per mits

evil, it may be equally ille git i mate to ques tion why his

designs are sub-opti mal.

As Darwinism is equally compatible with 

optimality and sub-optimality, it is not

valid to offer sub-optimality as evidence

for Darwinism.

Third, it is pos si ble that bio log i cal struc tures were

designed to be opti mal, but have since degen er ated. For

exam ple, most creationists accept that some “ves ti gial”

struc tures, such as the sight less eyes of cave fish21 and

the wings of ostriches, are or may be the results of intra-

 specific or intra-baraminic degen er a tion. The Chris tian

doc trine of the Fall lends itself to this type of expla na tion,

although the expla na tion could exist with out this doc trine.

Fourth, one could pos tu late an almost unlim ited range

of rea sons why God might have cre ated sub-opti mal struc -

tures. Three such rea sons some times are, or have been,

accepted. They are:

1. One in ter pre ta tion of the Fall is that a wide range of fea -

tures of the bi o log i cal world are the re sults of hu man sin.

The same peo ple of ten be lieve in this as be lieve in the de -

gen er ate na ture of sub-optimality, but it is ac tu ally a dif fer -

ent be lief, as it means that not only have struc tures de te ri o -

rated, but that new struc tures have been formed, and/or

the struc ture and/or be hav ior of or gan isms has been dras -

ti cally changed, post-cre ation, by ei ther God or the Devil.

One out come of this change is some times seen as be ing the

ex is tence of car ni vores,22 and nox ious or trou ble some an i -

mals23 and plants,24 and an other as be ing the leglessness of

snakes.25 Bib li cal in ter pre ta tions of this type are cur rently

ac cepted by many fun da men tal ist evan gel i cals and by

groups such as the Je ho vah’s Wit nesses, and they were his -

tor i cally taught by such Cath o lic theo lo gians as Pe ter the

Lombard, Bonaventure, and Al ex an der of Hales.26 If one

ac cepts this doc trine, sub-op ti mal de sign is not merely

com pat i ble with, but de duc ible from, Chris tian ity.

2. Sub-op ti mal struc tures may have been de signed in

prep a ra tion for fu ture use in a more ad vanced or gan ism.

This is ac cepted by some be liev ers in guided evo lu tion.

3. Sub-op ti mal struc tures may have been de signed for

 future use in de gen er ate or gan isms, as taught by Plato.

He wrote:
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For our creators well knew that women 
and other animals would some day be
framed out of men, and they further
knew that many animals would
require the use of nails for many
purposes; wherefore they fashioned
in men at their first creation the
rudiments of nails.27

Historical Relationship
Between the Issues of
Optimality and Design
Aris totle repeat edly asserted the func tional

optimality of bio log i cal struc tures, stat ing that

nature (physis) makes noth ing super flu ous,28

never fails,29 omits noth ing  necessary,30 and

always pro duces the best pos si ble work -

man ship.31 This was a reac tion against

Plato’s doc trine of sub-optimality.32 How -

ever, Plato believed in the con scious design

of bio log i cal struc tures,33 whereas Aris totle

did not. There fore, in fourth cen tury BC

Greece, the ori en ta tion of the optimality ver -

sus non-optimality and design ver sus non -

design debates was the oppo site of today,

with Plato argu ing for designed sub-

optimality, and Aris totle argu ing for non -

designed optimality.

Aris totle’s belief in bio log i cal optimality

was devel oped fur ther by Galen:

Come now, let us inves ti gate this very

impor tant part of man’s body [the

hand], exam in ing it to deter mine not

sim ply whether it is use ful or whether

it is suit able for an intel li gent ani mal,

but whether it is in every respect so

con sti tuted that it would not have been 

better had it been made dif fer ently.34

Galen repeated this argu ment numer ous

times, with the eye being per haps his favor ite

exam ple.35 He was par tic u larly dis miss ive of

Plato, and saw him self as pro vid ing expla na -

tions where Aris totle’s were unsat is fac tory.36

Fur ther more, unlike Aris totle, he allowed no

excep tions to the rule of optimality.

Aris totle and Galen were the canon i cal

author i ties in zool ogy and med i cine, respec -

tively, in Europe from about 1250 until about 

1700. There fore, the assump tion of bio log i cal 

optimality was included uncrit i cally as part

of the argu ment that the com plex ity of bio -

log i cal struc tures pro vides evi dence for the -

ism (the argu ment from bio log i cal design),

when this was for mu lated by late-sev en -

teenth-cen tury Eng lish think ers such as John 

Wilkins37 and John Ray.38 This was the first

time since Roman times that any form of the

argu ment from bio log i cal design had been

for mu lated in the West, and it was prob a bly

the first time ever for the for mu la tion of the

fully the is tic ver sion. The assump tion of bio -

log i cal optimality then remained an impor -

tant com po nent of the argu ment from

bio log i cal design, and was defended in

its most famous ver sion, that for mu lated

by William Paley.39 There fore, when Dar win 

and his fol low ers rejected Paley’s argu ment

from bio log i cal design, they also rejected

the log i cally unre lated doc trine of bio log i cal

opti mality. Anti-Dar win ists have now fol -

lowed suit in defend ing this irrel e vant doc -

trine. Both sides in the cre ation ver sus

evo lu tion dis pute appear to be for mu lat ing

invalid argu ments.

In this con text, it is illu mi nat ing to look

at the reac tion to Endo’s work in the three

years since its pub li ca tion. By Internet

search, I found four arti cles in which crea -

tionists glee fully seized upon Endo’s find -

ings,40 but none that offered a Dar win ian

per spec tive, sug gest ing that many Dar win -

ists are gen u inely embar rassed by these

find ings. How ever, the two sides are equally 

mis taken, and the argu able optimality of the

panda’s thumb offers no more evi dence for

con scious design than its sub-optimality did

for Dar win ism.

Three Possible Objections
to the Above Argument
about the Historical
Relationship
1. Ar is totle did not in vari ably as cribe optimality 

to bi o log i cal struc tures.

Aris totle con sid ered flat fish, molluscs, bats

and seals to be sub-opti mal.41 This aspect of

his thought is best seen as an incon sis tency

in, rather than a cru cial com po nent of, his

thought, and was per haps a hang over from

his Platonist past. Sig nif i cantly, none of his

exam ples of sub-optimality were in humans.

Al most in com pre hen si bly, Ar is totle ex -

plained ap par ent sub-optimality in terms of

de vi a tion from, rather than poor de sign by,

na ture. For ex am ple, he stated that flat fish

have “twisted” heads be cause “they have
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their nat u ral shape dis torted.”42 In ci den tally, this is

Dawkins’ fa vor ite ex am ple, too.43 Ar is totle also de scribed

molluscs as “mu ti lated,” and mov ing “in a man ner con -

trary to na ture.”44

2. Plato was not a the ist.

Plato believed in a per sonal cre ator (demiourgos) of the uni -

verse.45 Yet in at least some phases of his thought, this

cre ator was a non-ulti mate being,46 and, fur ther more, he

also con sid ered bio log i cal design to have involved sub or -

di nate gods.47 That he was not a true the ist is irrel e vant to

his belief in bio log i cal design.

3. Ar is totle held quasi-the is tic and te le o log i cal be liefs. 

Aris totle seems to have held the is tic or quasi-the is tic

beliefs.48 How ever, he did not believe that God affects the

sublunary realm. There fore, his the ism or quasi-the ism

did not imply bio log i cal design.49

One could accept that Aris totle did not believe in con -

scious design by God (or a demiourgos-like quasi-God), yet

still argue that he con sid ered bio log i cal struc tures to have

pur poses, and there fore must have believed that they were 

con sciously designed, per haps by a minor deity. Although 

he dis cussed bio log i cal struc tures’ pur poses almost con -

tin u ously in most of his zoo log i cal writ ings,50 and

occa sion ally in his other works,51 he, how ever, does not

seem to have been refer ring to con scious pur pose.52 Indeed, 

at points, he seems to have con trasted nature’s pur pose

with that of a con scious agent. He wrote:

Now surely as in intel li gent action, so in nature … It
is absurd to sup pose that pur pose is not pres ent
because we do not observe the agent delib er at ing. …
If the ship-build ing art were in the wood, it would
pro duce the same results by nature.53

For just as human cre ations are the prod ucts of art, so
liv ing objects are man i festly the prod ucts of an anal o -
gous cause or prin ci ple, not exter nal but inter nal,
derived like the hot and cold from the environing
uni verse.54

In his cos mo log i cal and philo soph i cal writ ings, the first 

cause or final end is prob a bly God or a quasi-God. Yet in

his biol ogy, it seems sim ply to be hered ity. He wrote:

For any liv ing thing … the most nat u ral act is the pro -
duc tion of another like itself … That is the goal
towards which all things strive, that for the sake
of which they do what so ever their nature ren ders
pos si ble.55

When ever there is plainly some final end, to which a
motion tends should noth ing stand in the way, we
always say such final end is the aim or pur pose of the
motion; and from this it is evi dent that there must be
a some thing or other really exist ing, cor re spond ing
to what we call by the name of Nature. For a given
germ does not give rise to any chance liv ing being,
nor spring from any chance one; but each germ
springs from a def i nite par ent and gives rise to a def i -
nite prog eny.56

Aris totle’s thought is rather con fused, and the works of

Gotthelf,57 Balme,58 and Coo per59 must be referred to for

detailed anal y sis. How ever, one is prob a bly not going too

far wrong in sug gest ing that by “Nature” Aris totle meant

the prin ci ple of hered ity. It must be remem bered that many

con tem po rary think ers, such as Empedocles, played down 

the impor tance of hered ity in favor of the intra-uter ine

envi ron ment,60 and Aris totle was empha siz ing his dis -

agreement with these think ers rather than with believ ers

in con scious bio log i cal design.

Sub-optimality, in it self, pro vides lit tle

ev i dence for Dar win ism or against the

con scious de sign of bi o log i cal struc tures.

Equally, optimality pro vides lit tle ev i -

dence for con scious de sign.

Finally, one could acknowl edge that Aris totle con fused 

the issues of hered ity and con scious design, yet still insist

that he believed in the con scious design of bio log i cal struc -

tures. Dawkins, for exam ple, would prob a bly assume that, 

as Aris totle did not know about evo lu tion, he had no

choice but to believe in con scious design.61 How ever, this

is mere paro chial mod ern ism, because two other expla na -

tions for bio log i cal ori gins were available to Aris totle.

They were:

1. He accepted the spon ta ne ous gen er a tion of plants,

inver te brates, and fishes,62 and did not rule out this pos si -

bil ity with respect to humans and large quad ru peds.63

2. He be lieved in the in fi nite age of the world.64

Aris totle was, there fore, per fectly free to reject both con -

scious design and the proto-Dar win ist ideas, derived from

Empedocles,65 with which he, at times, did toy.66

Conclusions and Observations
Sub-optimality, in itself, pro vides lit tle evi dence for

 Darwinism or against the con scious design of bio log i cal

struc tures. Equally, optimality pro vides lit tle evi dence for

con scious design.

It is often argued that the com plex ity of bio log i cal

struc tures is evi dence for divine design. This argu ment is

weak, because, even if a bio log i cal struc ture could be

indis put ably shown to have been con sciously designed, it

would be pos si ble to argue that its designer was an extra -

ter res trial, for exam ple. Even the argu ment that bio log i cal

com plex ity is evi dence for design by an unspec i fied con -

scious (not nec es sar ily divine) designer67 is not very

strong.68 How ever, regard less of its weak ness, the argu -
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ment from com plex ity to either divine or

merely con scious design is log i cally inde -

pend ent of the argu ment from optimality, as 

sub-opti mal struc tures may be just as com -

plex as opti mal ones.

In addi tion to the above cen tral con clu -

sions, two obser va tions that I find tell ing

may be made. They are:

1. Sci en tists should pay more at ten tion to

the long shad ows cast by his tory. Dar win ists

rou tinely ex plain the im per fec tions in bi o -

log i cal struc tures in terms of their evo lu tion -

ary his to ries, and ar gue that “evo lu tion can

be … strongly sup ported by ev i dence of tell -

ing im per fec tions.”69 This is deeply ironic, as

the im per fec tions in this ar gu ment are them -

selves best ex plained in terms of its his tory.

Postmodernists would pounce on this as

an example of the self-ref er en tial na ture of

sci ence.

2. The six Jap a nese sci en tists who stud ied

pan das at Ueno Zoo, and thus con trib uted

facts rather than spec u la tion to the debate,

are from a cul ture that has been lit tle influ -

enced by the ism, and hardly at all by

Aris totle or the argu ment from bio log i cal

design. One won ders whether, as evo lu tion -

ists, they would have been more con strained

in their work had they been from a cul ture in

a state of angry reac tion against Chris tian ity.

]
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