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Tool Culture, the Baldwin E�ect and the
Evolution of the Human Hand

david a. wells

Abstract: Human tool culture seems to have in
uenced the evolution of human hand
anatomy. Di�culties in establishing a causal connection centre on the fact that early ho-
minin hand anatomies supportiv e of tool culture precedethe earliest tools in the archaeologi-
cal record. Various considerations suggest that the archaeological record may be misleading.
Earlier tools would not be visible if they were manufactured from wood or plant material, or if
they were natural objects subject to only slight modi�cation. Moreover, the �rst appearance
of stone tools in the record may re
ect a switch in the location of home basesor butchering
sites, and not the commencement of stone tool usage. Acquisition of modern human tool skills
is generally via imitation. There is no strong reason to supposethat a small-brained hominin
such as Australopithecus was incapable of imitation, or that members of this genus could not
have been manufacturers of stone tools. It therefore seemslik ely that anatomical support for
strong grasping and pinch grips, even as early as Australopithecus, is a speci�c adaptation
to the cultural practice of tool usage, or perhaps to manipulativ e practices generally. The
Baldwin E�ect is a useful explanatory model. By substituting culture for individual learning,
and thus reducing the costsof learning, we can usethe model to predict the observed outcome,
namely the genetic incorporation of bodily structures associated with tool usage, while tool
usageitself contin ues to be cultural.

Keyw ords: Human evolution, tool, hand, Baldwin E�ect, culture

INTRODUCTION

The modern human hand appears remarkably
well-adapted to tool useand tool making. Com-
pared with our fellow primates, we have for ex-
ample a long thumb, the musclesof which are
well di�eren tiated. We also possessa speci�c
muscle, the 
exor pollicis longus, which is fre-
quently absent in other primates. This muscle
attaches to the forearm, and allows the thumb
to 
ex at its mid-point (Susman1988). A pow-
erful, 
exible, and relatively long thumb is very
useful when grasping objects �rmly in order to
deploy them as tools.

Notice that we are asserting a link between
an evolutionary outcome (hand anatomy) and
a cultural practice (tool usage). At least two
causalrelationships canbe recognized:that cer-
tain hand anatomiesprovided a basefor culture
and, conversely, that culture provided an envi-
ronment that favoured certain hand anatomies.

This paper assumesthat evidencecan be found
to support both causal relationships, but fo-
cusseson the second. The in
uence of culture
on bodily structure and function may be one of
the distinguishing features of human evolution.

Let us start with somede�nitions. The term
tool can be used inclusively to mean any de-
tached object which is employed for a useful
end. Following Wynn (1994), I will use the
term more narrowly to mean`a detached object
that is controlled by the user to perform work
(in the mechanical senseof transferring energy),
usually as an extension of the user's anatomy'.
Thus, a carpenter's hammer is a tool, but a
bird's nest is not. I shall usethe term culture to
refer to: shared patterns of behaviour which are
acquired, within lifetime, from other members
of the same species, usually in the context of
social relationships between mutually recognized
individuals.
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TOOL CULTURE

Modern human tool usageis predominantly cul-
tural, asshown by the social learning neededto
acquire even a moderate level of skill. In some
species,however, tool usageshows little varia-
tion amongindividuals and populations (Panger
2002), and therefore may be predominantly ge-
netic in origin. In order to assert a causal role
for culture, it is necessaryto establish that tool
usageamong early hominins was also cultural.
There is no direct evidencefor or against this
view, but it gainssupport from the cultural na-
ture of tool usageamongour nearestliving rela-
tiv es,commonchimpanzees(chimps). A review
of the literature reports that all chimp popula-
tions subject to long-term study turn out to be
tool makersand users,and that each population
has its own customary tool kit (McGrew 1998).
Work with the directors of the seven most long-
term �eld studies of chimp behaviour identi�ed
a number of behaviours which weresigni�can tly
present in onepopulation, but absent in others,
with no apparent ecologicalor genetic explana-
tion. Most of thesecultural behaviours involved
tool usage(Whiten et. al. 1999).

It is not clear whether tool culture �rst de-
veloped in the common ancestorof chimps and
humans, or developed independently in both
lineagesafter branching speciation. The ques-
tion is not fundamental because,on the reason-
able assumption that both hominin and chimp
tool behaviour has always been predominantly
cultural, it is likely that tool usagewasinvented,
lost and then re-invented many times over in all
three lineages.

EVOLUTIONARY CAUSES

As a classic paper argued (Gould and Lewon-
tin 1979), present utilit y does not establish
evolutionary origin. The role played by hand
anatomy in supporting modern human tool
usage does not by itself establish that hand
anatomy evolvedasan adaptation to tool usage.
In particular, hand anatomy may be an adap-
tation to ancestral practices in ancestral envi-

ronments, providing a fortuitous pre-adaptation
which humans then exploited via tool usage.

Pre-adaptation is clearly an important com-
ponent of the story, as can be seenby consid-
ering chimp tool usage.Unlike monkeys,which
move around in trees by traversing the tops of
branches or by hanging from their tails, apes
(including chimps) lack tails, and move around
by climbing, or by hand over hand movement
(brachiation) while hanging from a branch. The
handsof apesare adapted to this style of move-
ment by providing a powerful grip, using four
�ngers pressed�rmly against the palm. Chimps
arealsoground-dwellersaswell astree-dwellers.
It seemsto be happenstancethat, when using
or making tools, chimps have been able to ex-
ploit this arboreal ape grip for a di�eren t func-
tion. If this explanation works for chimps, then
it presumably works at least to somedegreefor
the earliest hominins. We too must have been
ground-dwelling opportunists who took advan-
tage of an anatomy originally adapted to a tree-
dwelling environment.

A secondpoint in favour of pre-adaptation
is that it seemsto be consistent with the archae-
ological record of early hominins. The earliest
known tools date from 2 to 2.5 million years
ago (mya). However, remains of Australopithe-
cus afarensis dated to 3.2 mya show anatomical
features which provide greater support for tool
culture than thoseof modern chimps, for exam-
ple a longer thumb relative to the �ngers than
in chimps. In general, Marzke (1997) identi�es
eight distinctiv ely human features of the hand
(seebelow), of which Australopithecus afarensis
exhibited three. Perhaps anatomy did precede
tool culture, at least amongst early hominins.

Pre-adaptation, however, cannot be the
whole story, for there are just too many dis-
tinctiv e features of the modern human hand
which too neatly support tool culture. The
important question is not whether a partic-
ular hand anatomy is capable of supporting
stone tool culture, but the degree to which
hand anatomy provides `economicaland e�ec-
tiv e' support (Marzke 1997).
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Stone tools can be made by striking or
throwing a softer stoneagainst a harder surface.
They may alsobe madeby placing a softer stone
against a substrate, and then striking with a
harder stone. E�cien t production, however, is
generally by striking a hard hammer stone held
in one hand against a softer core held in the
other hand, thereby producing 
ak es from the
core (hard-hammer percussion). E�cien t use
of 
ak esas cutting instruments is generally by
grasping the 
ak e between the thumb and the
fore�nger, with or without the support of other
�ngers. In general,useof prehistoric stonetools
placessimilar demandson anatomy asmanufac-
ture of the tools (Marzke and Marzke 2000).

Certain grips are favoured by modern hu-
manswho havetaught themselveshard-hammer
percussion, and these grips are in turn sup-
ported by the following anatomical features
(Marzke 1997).

1. As noted above, humans have a longer
thumb relative to the second �nger. The
thumb is able to control objects of varying
sizesand shapesby moving against all four
�ngers. If the core is held using an ape-
like power grip, i.e., without recruiting the
thumb, `the core must be repositioned for
each strikeeither by dropping it and retriev-
ing it in a new orientation or by shifting its
position with the hand holding the hammer
stone.'

2. Humans have well-developed intrinsic mus-
cles of the thumb (i.e., musclesattached at
both endsto boneswithin the hand). In hu-
mans, thumb intrinsic musculature is 39%of
total intrinsic hand musculature, compared
with 24% in chimps.

3. As noted above, humans have a propor-
tionately large 
exor pollicis longus muscle.
This muscle attaches to the forearm, and
is frequently absent in other primates. It
controls the joint at the mid-point of the
thumb, allowing the thumb pad to be ori-
ented towards the �ngers, and the thumb to
be braced against pressureby the �ngers.

4. Humans have relatively large pads on the
tips of the �ngers and thumb. These pads
are supported by broader tufts on the distal
phalanges(the bones forming the top seg-
ment of the �ngers and thumb). The larger
surface area of these pads `distribute pres-
sure during forceful grasping', for example
when grasping a hammer stone.

5. In humans, the third metacarpal headis ori-
ented towards the thumb. The metacarpus
is �v e boneswhich are joined to each of the
four �ngers and thumb, and together pro-
vide the skeletal substructure for the palm.
The head of the third metacarpal bone is
attached to the longest �nger, and its orien-
tation towards the thumb assistsin grasping
large objects such as stonesfor hammering
or throwing.

6. In humans, there is marked asymmetry of
the secondand �fth metacarpal heads, so
that the index �nger and little �nger are
oriented towards each other when grasping
a large object, once again maximizing the
contact betweenthe inner surfaceof the �n-
gersand the surfaceof the object.

7. In humans, the joints between the sec-
ond metacarpal and three bones in the
wrist (the trap ezium, trap ezoid and capi-
tate) are oriented so that the metacarpal
can pronate (rotate palm-downwards) dur-
ing strong pinch grips between the thumb
and the side of the index �nger.

8. In humans, the pads on the tips of the �n-
gers and thumb are less mobile than the
padson the remaining �nger segments. This
allows a �rm pinch grip using the tips, while
neverthelessallowing greatercushioningand
a larger sensoryareain the rest of the �ngers
and thumb.

On the basis of the evidence, it is reason-
able to conclude that tool culture has been a
key selective agent in the evolution of the hu-
man hand. This conclusion does not commit
us to any of the fallacies identi�ed by Gould
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and Lewontin (1979). The object of our inter-
est is not a single trait consideredin isolation
from the rest of human anatomy, but a series
of interconnected traits. The traits are almost
certainly not byproducts of a di�eren t adapta-
tion, and we have given due weight to the role
of pre-adaptation.

EARLIEST HOMININ TOOL USAGE

Having reached this conclusion, we must ad-
dress the di�cult y mentioned above, namely
that remains of Australopithecus afarensis,
dated to 3.2 mya, show anatomical features
supportiv e of tool culture, when the earliest
known stone tools date only from 2 to 2.5 mya.
Speci�cally , the following traits were identi�ed
(Marzke 1997).

x A longer thumb relative to the �ngers than
in chimps.

x Asymmetry of the second and �fth
metacarpal heads,so that the index �nger
and little �nger are oriented towards each
other when grasping a large object.

x The joints between the secondmetacarpal
and bones in the wrist support strong
pinch grips betweenthe thumb and the side
of the index �nger.

In making the reasonableassumption that
thesetraits evolvedsometimeafter hominin sep-
aration from the chimp lineage, i.e., that they
werenot inherited from the last commonances-
tor, someexplanation is required.

Let us review the evidence for early tool
usage. This usage probably would have in-
volved wooden and bone implements, in addi-
tion to stone,but the earliest available evidence
is almost exclusively of stone tools. This evi-
dence takes two forms. First, direct evidence
comes from the form of the tools themselves,
and associated remains such as the cores from
which they were 
ak ed. Secondly, indirect evi-
denceis provided by microwear analysis of cut
marks on animal bonesthought to form the re-
mains of hominin meals. Both point to 2 to
2.5 mya as the earliest known date for stone
tools (Panger 2002).

Several possible explanations can be sug-
gested for the absenceof earlier evidence. If
tools were made of other materials such as
wood or plant �bre, they would leave little ev-
idence, either directly in the form of tool re-
mains, or indirectly in the form of cut marks.
In addition, `found tools' may have been em-
ployed, only slightly modi�ed for the purpose,
in the manner of modern chimps. In that case,
tool remains may be present but unrecogniz-
able in the archaeological record. It has been
suggestedthat Australopithecus discovered the
food content of the underground storageorgans
of plants, such as tubers and rhizomes(Wrang-
ham 2001). Amongst tool-usingpopulations, we
can imagine that piecesof wood may have been
abradedagainsta hard substrate, and then used
as digging-sticks grasped �rmly with the assis-
tance of a relatively long thumb. Such practices
would leave little or no evidencein the archae-
ological record.

Another possibility is that hominins did
manufacture stone tools prior to 2.5 mya. It
has been argued that the earliest known tools
are too sophisticated to be the �rst examplesof
their type, as they exhibit evidenceof multiple

ak esfrom a single core, some
ak eshave been
re-touched, and the raw material for their man-
ufacture has been transported throughout the
landscape (Panger 2002).

It has also been argued that the earliest
stone tool usagemay be hidden in the arche-
ological record for ecologicalreasons.Most evi-
denceof stonetoolshasbeengatheredfrom sites
containing hundreds or even thousandsof stone
artifacts. Whether interpreted as home bases,
butchering sites,or workshopsfor making tools,
thesesites represent a geographicconcentration
over a relatively short time period. Factors in-

uencing the location of such sites would have
included protection from bad weather and the
availabilit y of shade. One population living in a
savanna environment might have located them
under shade trees, while a second population
living in a morearid environment might have lo-
cated them under rock outcrops. Becauserock
outcrops have a much longer potential lifespan
than trees, they will support a greater concen-
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tration of stone tools and meal remains over
time. Perhaps the emergenceof manufactured
stone tools in the archaeologicalrecord merely
marks the �rst time such tools becamearchae-
ologically visible (Brooks and Laden, cited in
Panger 2002). This suggestiongains plausibil-
it y from the fact that Africa's environment was
becomingmore arid in the relevant time period,
driven by a new ice age.

It may be argued that Australopithecus had
a relatively small brain, and was therefore not
smart enoughto have beena manufacturer and
user of stone tools. This makes someassump-
tions about the cognitive capacities required,
which can be tested against modern evidence.
Studies of tool use in the modern era indicate
that two styles of cognition dominate. The �rst
style dominates in the acquisition of skills, the
secondin the application of those skills to solv-
ing problems. Overwhelmingly, tool skills are
learnedby repetitiv e showing and doing, rather
than desk-basedlearning, with apprenticeship
as the classical form of relationship between
teacher and novice. Although the apprentice
may later be able to place tasks in a hierarchy
of routines and sub-routines, the tasks are ini-
tially learned in sequential fashion (�rst job 1,
then job 2, then job 3 . . . then �nish). The task
sequencesare committed to motor memory by
repetition, using temporal or spatial contiguit y
to cue the next action in the sequence. It is
a cognitive style `commonly encountered in any
human behaviour requiring precisemotor coor-
dination. Instrumental musicians, for example,
use much the sametechnique in learning com-
plex passagesof music. It is also the essenceof
most sport' (Wynn 1994). In addition, it is close
to the cognitive style which characterizeschimp
tool behaviour, although for chimps the phrase
`observingand doing' is more appropriate than
`showing and doing'. Subject to this quali�ca-
tion, the di�erence betweenhumansand chimps
is quantitativ e rather than qualitativ e.

If the cognitive processesrequired to learn
tool skills are simple, this is not necessarilytrue
of the cognitive processesinvolved in actually
using the tools, i.e., in adjusting tool behaviour

to the speci�c challengespresented by individ-
ual circumstances.Wynn (1994) arguesthat in
this respect modern human tool usagecan be
an altogether more complexprocess,involving a
sort of `dialogue'betweenknown sequences(sit-
ting in motor memory) and plans for the task
at hand. This will usually involve contingency
planning i.e. imagining possibleproblems, and
conceiving possible solutions, before attempt-
ing the task. It should be contrasted with
the mainly trial-and-error method employed by
chimps, and almost certainly early hominins.

The problem-solving skills of modern hu-
mansdo not appear to be speci�cally related to
tool culture, but represent the application of a
generalizedintelligence which appears to have
evolved for other reasons, possibly connected
with group social complexity (Dunbar 1994). If
repetitiv e showing and doing (or observingand
doing) is the essential element in tool culture,
it seemsreasonableto conclude that a small-
brained animal could havedeveloped someform
of stone tool manufacture and use. Recent dis-
coveries in Flores indicate as much, regardless
of whether we regard Homo 
or esiensis as an
o�sho ot from the Homo erectus lineage, or as
more directly linked to Australopithecus.

In conclusion, a range of explanations is
possible. At one extreme is the possibility
that tool usage among the earliest hominins
was no more sophisticated than the tool usage
which is plausibly ascribed to our chimp-lik e
ancestor (becausewe observe it among mod-
ern chimps, whoseecologyappearsto be largely
unchanged). At the other extreme, it is possi-
ble that tool usagewas at a level of complex-
it y somewherebetween chimps and the earli-
est hominin tool culture for which there is ar-
chaeological evidence. At the latter extreme,
it is not di�cult to understand why the hands
of Australopithecus show someanatomical fea-
tures supportiv e of tool culture. At the former
extreme, if Australopithecus tool culture and
modern chimp tool culture are very similar, we
must ask ourselves why Australopithecus hand
anatomies provide some support for tool cul-
ture, but those of modern chimps do not.
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Let us be clear that chimp hand evolution
is not entirely una�ected by chimp manipula-
tiv e behaviour. In typically thorough fashion,
Marzke(1997)hasidenti�ed featureswhich pro-
vide somesupport for precision grips, but it re-
mains true that the chimp hand is not as well
adapted for manipulation. The most likely rea-
son is that the hands of chimps are required
to perform multiple functions, and are there-
fore subject to strongly con
icting selection
pressures. Chimp hands are used to support
three functions, arborealclimbing and swinging,
manipulativ e activities such as food handling
and tool usage,and terrestrial knuckle-walking
(chimps use the backs of their �ngers to sup-
port themselveswhile travelling on the ground).
Hominins, by contrast, had already adopted a
bipedal posture by the time of Australopithecus.
There is a venerableargument that walking on
two legs `freesthe hands' for manual activities.
This argument hasin the past beenusedto sup-
port what we can now seeis a mistaken notion,
that bipedal locomotion is necessarily associ-
ated with tool usage. If re-phrased,however, it
doesseemto have an element of truth. Perhaps
the semi-arboreal existenceof Australopithecus
resulted in a hand more fully open to the se-
lective pressuresof manipulation and tool us-
age,by removing knuckle-walking as a compet-
ing pressure,and reducingthe pressurein favour
of arboreal climbing. If this semi-arboreal exis-
tence was su�cien t to produce an evolutionary
novelty, namely bipedal locomotion, then why
not a shift in hand anatomy?

It is also possible that tool culture was in-
signi�can t prior to 2{2.5 mya. Australopithecus
hand anatomy may be an adaptation to manip-
ulativ e practices generally, and may therefore
provide a pre-adaptation to tool usageexploited
by subsequent species in the hominin lineage.
For example,practicessuch asbreaking nuts or
smashingbonesfor marrow may account for the
anatomical features in question (Marzke 1998).
However such practices are likely to have been
as cultural as tool usage. Perhaps our subject
should be manipulativ e culture more broadly
rather than tool culture speci�cally , but this

would not alter the central thesis of this paper,
namely that culture has been a selective agent
in human evolution.

AN EVOLUTIONARY MECHANISM

If tool culture has been a key selective agent
in the evolution of the human hand, by what
mechanism did natural selectionoccur? A use-
ful model is the Baldwin E�ect, which may be
explained as follows. Imagine a specieswhose
members must individually learn a certain task
in order to survive in their environment. Indi-
vidual learning has costs. It may be danger-
ous not to perform the task to a high stan-
dard immediately (e.g., 
igh t for birds), learn-
ing may be distracting and so make predation
more likely, and it consumestime and energy
which would otherwisebe available for other es-
sential taskssuch aslooking for food. Over gen-
erations, individuals with somegenetic predis-
position for the task are likely to enjoy greater
reproductive success. Eventually , genetic pre-
disposition becomes full genetic assimilation,
so that what originally had to be individually
learned from scratch becomespart of the ge-
netic endowment of the species. This may ap-
ply both to behaviour, i.e., the task performance
itself, and any bodily processesand structures
associated with the behaviour.

Now imagine that the task is cultural in ori-
gin, for examplebeing learnedby imitating oth-
ers, rather than individually from scratch. Im-
itation consumesless time and e�ort, and re-
ducesthe costsof learning. It is in this respect
a form of free-loading. The Baldwin E�ect can
still be expected to operate, but it is now more
likely to work on the bodily processesand struc-
tures associated with the behaviour, rather than
the behaviour itself. Over evolutionary time,
humans have become more e�cien t absorbers
and practitioners of tool culture, becauseour
hands (and no doubt other parts of our bod-
ies, including our brains) have evolved to pro-
vide more e�cien t support for the behaviour in-
volved. The behaviour itself, however, has re-
mained cultural.
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The Baldwin E�ect presupposesthat indi-
vidual organismsmust learn a task in order to
survive, i.e., it assumesa signi�can t degreeof
compulsion. Before 
igh t became instinctiv e,
immature birds had to learn to 
y becauseadult
member of their specieshad adopted 
igh t as a
`way of life'. Applying the Baldwin E�ect to
tool culture also assumesa signi�can t degreeof
compulsion. There is no direct evidence that
tool culture was a compulsory `way of life' for
early hominins, but we can reason backwards
from contemporary human culture.

Cultures de�ne the methods to be used in
subsistencetasks, but social relationships en-
force the use of those methods. Enforcement
canwork in di�eren t ways, sometimesby the ex-
plicit useof force,but more often by implicit as-
sumption. Let us imagine a band of scavengers
of the genus Homo, which happens upon a re-
cent kill. The band might quickly organizeitself
to ward o� competing scavengers,and to remove
as much 
esh as possible from the carcassbe-
fore the return of the predator responsible for
the kill. These tasks might have been at least
partly accomplishedwith the help of stone cut-
ting tools to remove 
esh, as well as weapons,
which for this purposecan be consideredtools
becausethey are usedforcefully to transfer en-
ergy (e.g., wooden clubs or spears to ward o�
other scavengers).

In our imaginary scenario, the enforcement
of technique is largely implicit. The group ha-
bitually has tools and weapons with it, in the
expectation of using them. It is passingthrough
this location at least in part in expectation of
�nding a fresh kill. Its adaptation to its en-
vironment requires group members to be pro-
�cien t with tools, alternativ e approachesbeing
e�ectiv ely ruled out. Someindividuals may be
more pro�cien t at consuming 
esh rapidly at
the site of the kill, like the competing scav-
engers,but we can imagine that explicit group
prohibition prevents them. Our imaginary sce-
nario of enforced tool usage speci�cally men-
tions the Homo genus. While some have con-
trasted Homo as an `obligate' tool user with
Australopithecus as merely a `facultative' tool

user (Tobias 1994), it is di�cult to assessthe
validit y of such distinctions. It may be that ho-
minin tool culture developedvery gradually and
unevenly, out of step with the relatively sudden
branching speciations which seemto have oc-
curred in the hominin lineage.

CONCLUSION

Pre-adaptation plays a major role in any evo-
lutionary explanation of human hand anatomy.
We have inherited �v e digits from our verte-
brate ancestry. The basic con�guration of the
�v e digits, and the fact that they terminate in
nails rather than claws, derivesfrom a more im-
mediatearborealapeancestor. Anatomical sup-
port for strong grasping and pinch-grips, how-
ever, seemsto have occurred in the hominin lin-
eagealone, and to be a speci�c adaptation to
the cultural practice of tool usage.The Baldwin
E�ect is a useful explanatory model. By substi-
tuting culture for individual learning, and thus
reducing the costs of learning, we can use the
model to predict the observed outcome,namely
the genetic incorporation of bodily structures
associated with tool usage,while tool usageit-
self continuesto be cultural.
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