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The Levels of Analysis

Much confusion still exists among biologists about
how to answer questions of the general form “Why
does animal A exhibit trait X" A recent, conspi-
cuous example of this confusion is the debate about
why human {emales have clitorises. Gould (1987a)
argued that clitorises are a developmental side-
effect of selection on males for penises and, follow-
ing Symons (1979}, that clitoral orgasms are not
adaptations. Alcock (1987) responded that since
clitorises are neither inert nor imperfectly formed.
as he expected under Gould's hypothesis, functio-
nal explanations should be sought. Alcock (1987,
page 4) cited several possibilitics (see Smith 1984).
and championed the idea that clitorises facilitate
orgasm which, in tum, ‘acts as a mechanism of

discriminating mate choice and paternity controf-

by females’. In his rebuttal, Gould (1987b, page 4)
claimed Alcock “misunderstood my major point’,
that it is ‘logically incorrect (to) equate current
utility with reasons for historical origin'.

There are two reasons why Gould and Alcock
disagree, yet seem to talk past each other, The first
is semantic. For Gould (1987a. b), clitorises must
be “non-adaptive’ structures if they originated
evolutionarily as a developmental by-product of
sclection in another context: for Alcock (1987), in
contrast, clitorises and orgasms are *adaptations’ if
they scem designed to enhance reproductive suc-
cess. Although Gould's hypothesis is silent about
the relationship of the clitoris to female fitness, he
(1987a. page 18) pitted his hypothesis directly
against explanations based on differential repro-
duction (e.g. Hrdy 1981), and dismissed the latter.
This points up the sccond and more basic reason
for the disagreement, namely that clitorises. like
other aspects of the phenotype, can be explained
from several different. but not mutually exclusive,
perspectives. Failure to separate clearly these
“levels of analysis’ has led both to this terminologi-
cal misunderstanding and to unwarranted pole-
mics,

Confusion over explanatory levels and ensuing
inconclusive arguments nag all branches of bio-
logy, and the literature is full of examples. A classic
is the so-called ‘naturc-nurture’ controversy (c.g.
Lorenz 1950 versus Leheman 1953), which arose
over whether certain behaviours of chicks are
innate “or’ acquired through experience. After two
decades of unenlightening debate, it became appar-
ent to Mayr (1961), Tinbergen (1963) and Lehrman
(1970) that the lack of consensus was mainly due to
semantic and conceptual issues, rather than to
discrepancies of fact. In his 1961 paper. Mayr
observed that life scientists conceptualize rescarch
questions in two ways: functional biologists study
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‘proximate’ causality. and evolutionary biologists
concentrate on ‘ultimate’ causes. Proximate factors
operate in the day-to-day lives of individuals, and
ultimate causes derive from cvolutionary history.
Tinbergen (1963) suggested that cach of these
categories should be subdivided. Thus. proximate
or "how?' questions require investigations of both
individual ontogeny (e.g. effects of age and exper-
icnce)and physiological substrates. including neur-
onal, hormonal and bicchemical mechanisms.
Ultimate or "why?' questions require understand-
ing both evolutionary origins and cutrent adaptive
value, Answering the former entails unravelling the
history of phenomena in geological time, while the
latter involves comparing the fitness consequences
of naturally occurring variants in ecological time.

It has recently become apparent that, in beha-
viour at least, there is a fifth research approach
which was not specifically considered by Mayr
(1961) and Tinbergen (1963). It deals with pre-
sumed mental processes, both cognitive and emo-
tional. These were discussed in terms of *conscious-
ness' by Romanes (1883), *hypothetical constructs®
by MacCorquodale & Mechl (1948), ‘drives’ by
Lorenz (1950) and ‘awareness'. ‘thinking', and
“motivation” by several recent authors (e.g. Griffin
1984; Colgan 1986). Although animals’ mental
capabilities are, ultimately, based on physiclogical
processes. considerations of mental performance
often yield hypotheses that, given our current state
of knowledge, do not fit comfortably into purely
mechanistic interpretations. For example, studies
of whether or not honey bees. Apis mellifera,
possess cognitive maps and employ landmarks in
returning home from unfamiliar locations (Gould
1986). whether or not parrots (Pepperberg 1987Y or
apes {(Savage-Rumbaugh 1984) can use human
symbols to characterize novel objects. and how
animals make mate choice or optimal foraging
decisions (Shettleworth 1984) yield insights into
mental function that are not immediately reducible
to physiological processes. To specify hypotheses
in this unique type of inquiry. [ use the generic term
“cognitive processes’.

In summary, there are four different levels of
analysis: evolutionary origins. functional conse-
quences. ontogenetic processes and mechanisms:
the lauer includes both cognitive processes and
physiological processes. Every hypothesis in bio-
logy is subsumed within this framework: competi-
tion between alternatives appropriately occurs only
within and not among levels (Mayr 1982, pp. 59-
T7). This means that therc are multiple types of
‘correct’ answers to any question about causality.
Which category of answer is most satisfactory or
interesting is a matter of training and taste; debat-
ing the issue is usually fruitiess.
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Consider. tor example. the question: "Why do
male canaries sing their particular songs? In terms
of physiological processes, alternative hypotheses
might implicate activational versus organizational
hormonc mechanisms. or fixed versus variable
neuroanatomical structures {see Konishi 1985).
Regarding cognitive processes, perhaps singing
males are “angry’ about territorial intrusions, or
*amorous’ toward poteatial mates (Mulligan &
Olsen 1969). Alternative ontogenetic processes
could be learning by chicks of paternal songs versus
vocal reproduction of an unlearned template
{reviewed in Kroodsma & Mitler 1982). The func-
tional consequcnces of song might beeither attract-
ing & mate or repelling rivals (Catchpole 1982).
Finally. in terms of evolutionary origins, maybe
simple, repetitive songs characterize all carducline
finches. or else canaries’ songs are unique and

Table . Some recent controversies g

d primarily b

highly derived. refating to recent speciation in the
genus Serinus (sce Payne 1986). All these hypoth-
cses are testable and five of them might be right
simultancously: conversely, all or any of them may
be wrong.

Although most of the conceplual advances
regarding levels of analysis occurred 25 years ago,
even today only a minority of biologists explicitly
categorize their hypotheses this way. Partly as a
result, fow structures or behaviours are understood
from all the possible perspectives. Further. many
acrimonious dcbates in evolutionary biology
apparently originated as supposedly alternative
hypotheses which were. in reality. on different
analytical levels (Table I). One reason the protago-
nists in such debates can act so selltrighteously is
that each may, in fact. be correct: yet this does not
necessarily jeopardize any hypotheses at other

evolutionary origin, mechanism, or geny. mi

the author of hvp is A, an fanation of

consequences ti.e. cffccts on fitness}

Iy pitted it against hyp

is B, an explanation of functional

aStructure or behaviour

Non-alternative explanatory hypotheses*

A

B

Sexual monomorphism in hyenas
{Crocuta spp.)

Alarm calls in ground squirrels
tSpermaphilus spp.}

Senescence

infanticide in langurs
{Proshyviis entellus)

iricest avoidance in humans

Malc-like genitalia urose as & non-
adaptive by-product of high testos-
serone fevels associated with female
dominance {Gould 1981}
tevolutionary origin)

Aduit females cull because of hor-
monal  correl of & i1
{Shiclds 1930}

{mechanism: physiological pro-
cesses)

The result of an accumulation of

defects in macromolecules (Kirk-

wood & Holliday 1979)
{mechanism:  physiological pro-
cosses)

Males who take over troops are
agitated” over possible attacks by
rivals, und they ‘redirect’ their
agg i at  inf; Mahnot
1971

cognitive p )

Parents teuch offspring to avoid sex
with siblings (Kitcher 1985)
(ontogenctic processes)

Male-like genitalia are used in sig-
nalling and help femaics compete
effectively with males at carcasses
{Hamilton ct al. 1986}

(funciions! conseqguences)

Adult females call to warn close
relatives of danger {Sherman 1980}
tfunctional consequences)

The result of extrinsic mortality
factors and rapid reproduction
early in life {Williams 1957
{functional consequences}

Males who take over troops elimi-
nate the progeny of their predeces-
sor and then mate with the dead
infants' mothers (Hrdy 1974}
(functional consequences)

Individuals gain by avoiding the
deleterious genetic results of close
inbreeding (Alexander 1974; Wil
son 1978)

{functional consequences)

* Because hypotheses A und B are on different tevels of analysis. they do not legitimately compete as alternatives: both
A and B, cither one, or neither may be correet.
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analytical levels. Thisis what Lehrman meant when
he wrote (1970. page 18) “the clearest possible
genetic evidence that a characteristic of an animal is
genetically determined in the sense that it has been
arrived at through the operation of natural selec-
tion does not setile any questions at ail about the
developmental processes by which the phenotypic
characteristic is achieved during ontogeny’. The
point is that the controversy over the clitoris and
the others listed in Tabie | did not need to happen.
Such debates can only be sustained as real disagree-
ments by ignoring the levels-of-analysis issue.

Gould (1987b. page 6) ended his rebuttal with
the statements that ‘good science needs. above all,
testable hypotheses of all {casible types — includ-
ing developmental and adaptationist’ but “if any-
thing .. . developmental explanations are more
expansive and operational than the necessarily
fruitless and untestable adaptationist speculations
that continue to permeate our literature”. Why
Gould believes that developmental hypotheses
about evolutionary origins are generally more
power{ul, parsimonious and testable than “adapt-
ive’ explanations (based on diffcrential reproduc-
tion) is unknown. Also unciear is why Gould
refuses to acknowledge that his hypothesis, if it
were extrapolated to the level of functional conse-
quences. predicts that the clitoris is essentially
neutral for female reproduction: a testable and
falsifiable proposition (Alcock 1987). Gould's first
statement is casy to agree with. so long as (he
hypotheses that are tested as alternatives are on the
same level of analysis, and explanations at one level
are viewed as complementing, not superseding.
those at another.
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