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ABSTRACT

Fishing at Gwaimasi:
the interaction of social and ecological factors
in influencing subsistence behaviour

This treatise describes fishing behaviour of people living at the village of Gwaimasi
in the interior lowlands of Papua New Guinea. The concern is not with fishing as such
but with the way in which social and ecological factors interact to influence behaviour. I
argue that an adequate explanation for behaviour must incorporate both dimensions, and
suggest a conceptual basis for achieving this. The study then illustrates how at least one
aspect of social organization, the size of resource-sharing groups, could be incorporated
within a frame of analysis - evolutionary ecology - that has typically focussed on the

explanatory significance of ecological factors.

The primary thesis asserts that the probability of a particular pattern of behaviour
being reproduced depends on both social and ecological factors. Variation in either
domain can be expected to affect the kinds of behaviour observed, but the two domains do
not affect behaviour in the same way. Ecological factors constrain production, the
material outcome of action; social factors constrain consumption, the use that can be made
of that outcome. The two domains are complementary, not contradictory, in their
influence; in as much as production and consumption themselves are two facets of any
action, ecology and society should be seen as mutually constitutive systems mediated by

the actor.

Evolutionary ecologists have tended to analyse constraints on production,
particularly extrinsic constraints on production, in explaining behavioural variability.
While constraints on consumption are not ignored, they are usually discussed only in
terms of the intrinsic requirements of the actor. 1 argue that consumption, like
production, is subject to extrinsic constraints; the use that an individual can make of a
particular outcome of action may depend on the actions of others. In particular, where a
resource has declining marginal value, the amount that is likely to be received from others

will limit the amount that an individual can usefully procure; as a corollary, the
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expectation of having to distribute produce among others will increase the amount that can

be usefully procured. In each case, the effect will depend on the size of the resource-

sharing group.

These arguments are illustrated by analyses of the fishing behaviour of people at
Gwaimasi over a period of 57 weeks. Early chapters set the scene for those analyses,
introduce the actors and position fishing within their broader subsistence arrangements.
The community was small and isolated, the people hunter-horticulturalists using about
50km? for subsistence. Skulls of nearly all fish caught within that area during the survey
were purchased, and details recorded of fisher, technique, location and context of capture.
In addition, records were kept of where individuals were based within the local area each
day. Analyses of these data indicate that whether people chose to fish, as well as where
and how they fished, depended on both the outcome that could be expected from the
decision and the use that could be made of the outcome. Availability and accessibility of
fish placed extrinsic constraints on production and, allowing for the relative time required
to reach different fishing locations, people clearly preferred those streams and techniques
that produced the largest hauls. But individual fishers differed in their intrinsic abilities to
procure fish and in the use that they could make of fish. 'Differences in access to
equipment, experience or information affected the viability and efficiency of fishing
techniques. Differences in nutritional and social requirements affected the need for fish.
Thus, men and women, people at different life-history stages, and those affiliated with
different clan groups displayed rather different fishing behaviour, with the contingencies
of heredity and experience adding a further layer of variation crosscutting these structural
categories. Most importantly, the size of the resource-sharing group at the village, which
changed as residents moved about and beyond the local subsistence zone, placed extrinsic
constraints on consumption of fish. As the size of the group changed, and with it the

amount of fish which could usefully be produced, fishing behaviour changed markedly.

The study demonstrates clearly that social factors, as well as ecological factors,
can influence patterns of production; both domains must be considered in any adequate
explanation of behaviour. It is also clear that the emphasis which evolutionary ecology
has placed on production, and on factors affecting the material outcome of production as
the basis of explanation, is not inherent in its methodology. I have demonstrated that that

methodology is entirely appropriate to the study of social constraints on behaviour.
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A Note on Pronunciation

The people at Gwaimasi were Kubo, speaking a tonal and nasal language the
subtleties of which were beyond my linguistic abilities. Kubo words and phrases used in
this treatise are presented as approximations only.

SRR

ai:
au:

ei:

as a in father

as e in bet

as ee in bee

as au in caught

sometimes oa as in coat, especially when at the end of a
word; where the oa sound was particularly strong and
nasalized I have distinguished it as 0

as oo in shoot

sometimes 00 as in book

as eye

as ow in cow

as ay in say

Nasalized vowels have been underlined.
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PROLOGUE

The origin of the work reported here is to be found in Honours research that I
undertook some years ago. That research concerned archaeological evidence for patterns
of butchering and consumption of the large marine mammal Dugong dugon by people at
Princess Charlotte Bay, on the east coast of Cape York Peninsula in Australia (Minnegal
1982, 1984a,b; Cribb & Minnegal 1989). The focus on butchering and consumption
meant leaving to one side any questions to do with the people’s decision to hunt dugong in

the first place. Some observations, however, were hard to ignore.

Dugong are big. At 200-300 kg they were ten times the size of local macropods
(wallabies and kangaroos), the largest of alternative prey items in the Princess Charlotte
Bay area. While much effort may have been entailed in catching dugong - a canoe was
needed, as well as the people to man it, and perhaps three or more days of searching - a
lot of kangaroos would need to be caught in that time to produce the same amount of
meat. It did not seem surprising, then, to find that dugong were a highly regarded
resource for the people of Princess Charlotte Bay. It clearly made economic sense to

pursue them.

And vet, on the west coast of Cape York Peninsula, people did not hunt dugong.
Dugong were available in good numbers, the people had access to watercraft and suitable
hunting technology, but these large and - in terms of amount of meat obtained for effort
expended - highly profitable prey were ignored. To accept that these people, also, were
economically efficient posed a problem. Either the returns from alternative foraging
options were sufficiently great on the west coast that dugong-hunting was outranked, or
the productivity of dugong hunting itself was less than along the east coast. The
magnitude of the size-differential between dugong and local macropods made the former
possibility unlikely. Equally, however, since availability and accessibility of dugong
appeared to be similar at the two locations it was hard to see why productivity should

have varied.

While contemplating this conundrum, another possibility occurred to me, one -
stimulated perhaps by my analytical focus on distribution and consumption - that took me

back to my starting point. Dugong ARE big. And north Queensland is hot; meat cannot
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be kept for more than two or three days before beginning to putrefy. With 100 kg to be

consumed per day, it would take a lot of people to eat an entire dugong.

The implication is important. The value of obtaining a dugong - or a kangaroo -
does not depend on the amount of meat that the animal comprises. It depends, rather, on
the amount of the meat that can be used. The former is intrinsic. The latter is not; it
may vary with, among other things, the size of the group that shares the catch. To a
group of people that can eat only 30 kg in one day a dugong may not, in fact, be much
more valuable than a kangaroo, particularly given the effort entailed in capture of the

former. For such a group it actually might not make sense to spend time chasing dugong.

The productivity of dugong-hunting may indeed have been lower in the west, not
because of any change in the availability or accessibility of dugong themselves, but
because of the relative use that could be made of the meat. Differences in attitudes to
dugong in the two areas could be traced, perhaps, to a simple difference in social

organization - in, for example, the size of residence groups or sharing networks.

In fact, the west coast of Cape York Peninsula is not the same as the east; they are
markedly different habitats. And there are other possible explanations - both cultural and
ecological - for the fact that west coast people did not hunt dugong. Social organization

will have been only one among many factors mediating resource-choice in the two areas.

But I continued to be intrigued by the realization that constraints on consumption,
and not merely on production, might directly affect the appropriateness of procurement
strategies. While ecological factors may determine the material outcome of subsistence
behaviour, it is social factors that determine the use that can be made of that outcome.

Variation in behaviour could arise from changes in either.

To explore these ideas I sought data that offered greater potential for analysis than
the available or accessible Cape York Peninsula material. The effects on behaviour of
variation in either ecological or social factors needed to be analysed by holding first one,
and then the other, constant. I turned to smaller quarry - to fish rather than dugong - and
to Papua New Guinea rather than Cape York Peninsula. The data obtained provide the

subject matter for the work described in this treatise.



CHAPTER 1
INTRODUCTION

This treatise describes the fishing behaviour of people living at the village of
Gwaimasi in the interior lowlands of Papua New Guinea, and analyses social and
ecological factors underlying observed patterns. In doing so, it focuses on a minor
component of the subsistence of a small group of people; only 25 people lived at
Gwaimasi in 1986-87 when my data were collected, and fishing provided no more than
one quarter of the meat they consumed. The limited scope is deliberate. My interest is
not so much with fishing per se as with the ways in which ecological and social systems
interact to influence patterns of subsistence behaviour. I wished to explore the possibility
of incorporating aspects of social organization, in particular the size of resource-sharing
groups, within a frame of analysis - evolutionary ecology - that has typically focussed on
the explanatory significance of ecological factors. The study of fishing behaviour at
Gwaimasi, precisely because it was limited in both scale and in importance of the activity

within the overall subsistence system, seemed particularly suited to the task.

The first section of this chapter establishes my interpretation of the relationship
between ecology and society, and positions this within earlier conceptualizations. The
second section introduces evolutionary ecology as an approach to the understanding of
behaviour; I focus particularly on the logic of the approach, showing how functional
explanation need not imply unidirectional causality. These two sections are then drawn
together to frame the thesis that informs this work. Ecological effects on behaviour have
been extensively modelled in the past, so section three is primarily concerned with

establishing ways to model the effect of variation in social relations.

Having established a conceptual and methodological frame, I turn to the subject
matter of the study, fishing at Gwaimasi. The fourth section begins by discussing
practical considerations that influenced this choice of subject, and the particular intentions
of the study. Fishing has often been considered as quite different from other extractive
activities. I go on to consider why this might be so, and address the implications for
analysis of fishing at Gwaimasi. Though there have been many studies of fishing in

small-scale communities, few match the ecological and social situation found at Gwaimasi.

3
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Perhaps more importantly, none address the general issues that concern me in this work;
they tend to ignore the interplay between ecological and social factors to focus on one or

the other as causal.

Finally, I outline the organization of data and arguments to be presented in

subsequent chapters.

1.1 CONCEPTUAL FRAME: ENVIRONMENT, ECOLOGY AND SOCIETY

"If the environment of an animal includes its conspecifics, how - if at all -
can we distinguish between its social relations and its ecological relations?"
(Ingold 1986a:3-4).

An ecological system, according to classical definitions, comprises the inter-
relationships between an organism and all the elements of its environment (Krebs 1972:3;
Odum 1975:1-4; Smith 1986:3). A social system, on the other hand, comprises
relationships between organisms of the same species. Since conspecifics can be
considered part of the environment of any individual it might seem that social relations are

simply a subset of a broader category of ecological relations.

But anthropologists do not use the terms in this way. They seem, rather, to
contrast ecological and social relations as alternative bases for the explanation of human
behaviour. At the least, these are seen as distinct contributors to the formulation of
behaviour. Borgerhoff Mulder (1991:69), for example, stated that "the aim of modern
human behavioural ecology is to determine how ecological and social factors affect
behavioural variability within and between populations” [my emphasis]. I myself have
argued that the connections between hunting and sago processing by Kubo of Papua New
Guinea have "social as well as ecological dimensions" (Dwyer & Minnegal 1991a:210).
In another analysis that focussed on gardening, I went further, to conclude that "the social
and the ecological are undoubtedly synergistically related but, in the Kubo case, the
former must take precedence in the explanation of local patterns of food production”
(Dwyer & Minnegal 1992a:50). Similar statements are common, both in discussions of
general (global) human behaviour (eg. Ellen 1982:Ch.11; Ingold 1991a; Janson 1992:126)
and in analyses of specific (local) situations (eg. Evans-Pritchard 1940:94; Gell 1992:16:
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Healey 1990:Ch.8; Morren 1986:158; Povinelli 1992:197). Most of these statements,
however, including those with which I have been associated, fail to clearly establish the

referents of the terms social and ecological, or the supposed relationship between them.

In some cases the boundary drawn between the social and the ecological appears
simply to distinguish interactions with conspecifics from those with other elements, living
and non-living, in the environment; the meaning of 'ecology’ is thus narrowed from its
original sweeping intent." A distinction based simply on the identity of the interacting
elements, however, while perhaps useful for organizing information, is arbitrary and
contributes nothing, in itself, to explanation. If there is a relevant distinction to be drawn
between the social and the ecological - and the persistence of the terms in the literature

suggests that there is - then it must be in the nature of relationships.

My central concern in this work is with ways in which "ecological and social
systems interact to influence patterns of subsistence behaviour" (p. 3). The existence of
analytically distinct systems, and the assertion that they articulate, is the underlying
conceptual framework of all that follows. It is essential, therefore, that I state what I
mean by these terms, at least for the purposes of the work presented here, and locate my
meanings within the often confusing and contradictory anthropological discourse in the
area (eg. Bloch 1975; Ellen 1982; Faris 1975; Friedman 1974; Friedman & Rowland
1978; Godelier 1978; Harris 1968, 1979; Ingold 1986a,b, 1991a, 1992; Leacock & Lee
1982; Meillassoux 1972; Sahlins 1974, 1976a; Steward 1955). 1 do so in what follows,

and return to the theme in the concluding chapter.

In the first instance, I regard the distinction between ecological and social
relationships as mapping onto the classic, and perhaps less ambiguous, distinction between
production and consumption. Thus, ecological relations determine the material outcome
of any action; social relations determine the use that can be made of that outcome.? But

this is a rather tight definition. —The implications warrant some justification and

elaboration.

The material outcome of any subsistence activity will depend on patterns in the

I As Ellen (1982:90) noted, the word 'ecology’ is often used in anthropology where
'natural environment’ would be more appropriate.

2 The following discussion relates specifically to subsistence activities. However,
since all relationships entail exchange, the comments should be generally applicable.
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distribution and abundance of resources within the environment, and on the means
available to procure those resources. These comprise the generally recognised domain of
ecological interaction. Conspecifics, too, may be considered resources - not as food,
perhaps, but as potential mates, or allies - or may comprise the means of procuring
resources, through their labour or through trade. To this extent intraspecific relations may

be considered ecological.

The use that can be made of an outcome will depend on the availability of potential
consumers, and on their need for the product; it is not intrinsic to the resource itself.
Patterns of distribution and exchange comprise the generally recognised domain of social
interaction. It is the potential for use, as mediated by social organization, that ultimately
determines the value of procuring any resource. Intraspecific relations may be considered

as social where their impress is on the use-value attached to procured resources.

Production and consumption are not independent processes. Any acquisition of
resources - whether matter, energy or information - entails utilization of resources already
to hand. Indeed, utilization itself cannot be defined except in terms of resources acquired
as a result; an item is ’used to’ achieve some end. Perhaps more confusingly, any
transfer of goods between conspecifics comprises simultaneous acquisition by one and
utilization by the other. Not surprisingly, then, the two have been often conflated. But,

from the perspective of the actor, the processes are logically distinct.

The distinction, stated simply and, again, from the perspective of the individual, is
temporal - not in the sense that production precedes consumption, but in the sense of
transition and passage.” Production entails a movement of resources - matter, energy,
information - towards the actor, while consumption entails a movement of resources away
from the actor. Because production logically precedes consumption, there has been a
tendency on the part of ecologists to accord it causal priority. This is unjustified.
Clearly, constraints on outward movement, on consumption, could affect the flow of

goods as effectively as any constraint on production.

Ecological and social relationships - affected by and, in turn, affecting patterns of

3

_ S_ee Gell’s (1992:Ch.16) discussion of the distinction in philosophy between A-
series time (past/present/future) and B-series time (before/after). "The A-series

incorporates the idea of transition or ’passage’ - things being arranged in one way and
then becoming arranged in some other way" (ibid:151).
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Figure 1 Inter-relationship of ecological and social systems, through
patterns of production and consumption.

production and consumption respectively (Figure 1), must be seen as mutually constitutive

systems, articulated through the person of the actor.

* %k %k % %

Having separated ecology and society as distinct forms of relationship, I am left
with the question of "how one might influence the other, and how we might measure and
compare different entities or sets of relations" (Ellen 1991:150). It is an issue that Ellen
saw as "the major problematic" of ecological anthropology (ibid) and one, he argued, that
is rarely, and then inadequately, addressed. Clearly, it is to the relationship between
production and consumption - between acquisition and utilization - that we must look if

ecological and social relations are to be reintegrated in discussion of concrete examples.

It was the sense of purpose inherent in utilization that Ingold acknowledged when
he argued that "the boundary between the social and the ecological corresponds to that
between the intentional and the behavioural components of action, marking the point - in
human life - where purpose takes over from, and proceeds to direct, the mechanism of
nature” (1991a:285). Behaviour in the ecological domain, he argued, can be understood
only in terms of the socially constituted purpose that motivates it. Thus "sharing does not
come into play at the end of production, but rather constitutes the common purpose that

people bring into the productive process itself" (ibid:283; italics in original). Social
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relations, in this view, determine "both the responsibilities taken into procurement activity
and the manner of distribution of the products" (ibid). Thus Ingold envisaged the social
and the ecological domains as coextensive, each interaction - interspecific as well as
intraspecific - having both social and ecological aspects; the former he conceived of as

action, the latter as reaction.

There is much that I like in Ingold’s conceptualization, but his appeal to conscious
intent is unnecessary.* To the extent that the intent is derived from pre-existing
conditions, as Ingold asserted, it does not differ from unconscious teleonomic processes
(Mayr 1988:Ch 3; see also discussion in Smith & Winterhalder 1992a:47ff); the purpose
brought into production is programmed, as distinct from teleological or goal-directed
purpose. I would argue that it is not socially constituted purpose that guides production

but, rather, the socially constituted use-value of resources.

What Ingold appears to have overlooked, or put aside, is the requirement that the
pre-existing conditions which determine use-value - social relationships and the associated

patterns of distribution and consumption - must be themselves explained.’

The idea that value is socially constructed is not new. Ellen (1982:253), for
example, following Sahlins (1974:150ff), argued that "values arise out of cultural
arrangements internal to social organization and cannot emerge independently from
objects". Resources, in themselves, have no value; what value there may be in their
procurement is realized only in their consumption, their utilization.® Thus, I accept that

the value of a subsistence decision cannot be reduced to the physical properties of the

4

That appeal reflects, perhaps, Ingold’s deeper concern to identify the fundamental
distinction between humans and other animals.

> Ingold is engaged in an exploration of these issues and, as he himself has noted,

his published understanding changes through time (Ingold 1986a:13). This makes
reference to, and criticism of, his ideas somewhat problematic. He presents a moving
target. His recent writings (eg. Ingold 1992) do appear to recognize that value is
"mutually constituted" by ecological and social relations. My concern, here, is with
influential arguments presented in certain publications, not with an overall characterization
of Ingold’s thought.

p ) . . . . .
Value does not inhere in services any more than in objects. A service economy

may be conceptualized as based on exchange of labour rather than of the products of
labour (Collier & Rosaldo 1981; Merlan 1991; Sansom 1988). The value of the
exchange, however, still resides in the use that can be made of the outcome, not in the
labour or products themselves. Indeed, both may be read as resources.
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product. Nor, however, is use-value purely symbolic, a culturally constructed concept of
use arbitrarily assigned to a resource. It is to this view of value as semiotic
transformation that ecologists from Steward onwards have responded when they decry the
futility of "explaining culture in terms of culture" (Steward 1955:36; Harris 1968;
Winterhalder & Smith 1992:20). They argue, as indeed do I, that value is constituted in

action, not in thought.

But ’value’ is a contentious term in anthropology. It has been dissected in many
ways, and into many parts. Thus Sahlins (1974:218) wrote "food has too much social
value - ultimately because it has too much use value - to have exchange value". Such
statements defy translation. I define value only in terms of use; exchange of a resource

itself implies use, for maintenance of social relations if nothing else.

The possibility of exchange may well increase the potential use-value of a
resource. Exchange, however, will not necessarily remove all limits on the value of
procuring the resource, and encourage unlimited production, as Sahlins (1974:84)
suggested.” Indeed, exchange itself, I assert, can be understood only in terms of an
asymmetry in the potential use-value of resources to the participants. Sahlins referred to
this asymmetry when he argued that donors bring labour value to an exchange, while

recipients assess use value (1974:307).°

Labour-value, in contrast to use-value, is an ecological construct; the labour
required to produce a particular outcome will reflect the availability and accessibility of
resources. It is best conceived, in my opinion, in terms of the potential use-value forgone

- as an opportunity lost - by not using the labour in some other way.

% %k %k Xk %

If ecological interactions and social interactions are to be incorporated within the
one explanatory frame then it is essential that they be conceptualized in compatible terms.

That has been the failure of much anthropological discussion and has been the aim of my

7 See p.27 for further discussion.

8 Ellen (1982:254) asserted that social formations are systems in which "value is
exchanged" as distinct from the material exchanges of ecological interaction. The
reification of 'value’ implicit in this statement can be understood only as a consequence of
Ellen’s focus on population-level phenomena; from the perspective of the individual, it is
meaningless. Value is realized in the process of exchange - it is not transferred.
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attempt at definition. The social cannot simply be derived from ecological relations, but
the reverse is equally unsatisfactory. Appeals to conscious intent raise more questions
than they answer; the intent itself must be explained. Appeals to symbolic and semiotic
domains generate similar problems. These perspectives have their place but, like the
materialist perspectives to which they are often opposed, their underlying
conceptualizations are firmly grounded on one side of the ecology/society interface and
cannot be easily extended to the other. My concern in this work is with the way ecology
and society interact to influence behaviour, and the interpretations I have presented reflect
this broader focus. My analysis is grounded in the opinion that, ultimately, use
determines value and use offers the only pragmatic basis for representing social relations

as distinct from, yet not independent of, ecological relations.

The focus throughout this brief account of the conceptual underpinnings of my
research has been with individual actors - as producers and as consumers, as social beings
engaged in ecological action. It is this focus that influences my choice of a
methodological framework suited to the analysis of relations between the material outcome
of activities and the value of that outcome to the actor. That framework is evolutionary

ecology.

1.2 METHODOLOGICAL FRAME: EVOLUTIONARY ECOLOGY

The ideas that inform analysis in this thesis are developed within the frame of
evolutionary ecology, though I will not - except in parts of this introductory chapter - use
the explicit modelling approach advocated by many practitioners. Evolutionary ecology
interprets variation in the form of living organisms - morphological, physiological and

behavioural® - in terms of natural selection'® operating within ecological contexts. In the

® Where the focus is on behaviour, as in the present work, the term ’behavioural

ecology’ is often used (eg. Krebs & Davies 1987, 1991). If the particular behaviours
being examined entail interactions between conspecifics then studies may be characterised
as 'socioecology’ (eg. Standen & Foley 1989). I prefer to use the more general term,
with its explicit acknowledgement of the evolutionary frame within which explanation is
positioned.

' For many people, the term 'natural selection’ has connotations of genetic
determinism. This is not my intent here. Natural selection does not necessarily entail the
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last decade or so, there has been increasing interest by some anthropologists in the
potential of evolutionary ecology as an approach to understanding human behaviour (for
reviews see Borgerhoff Mulder 1991; Cronk 1991; Smith 1992a,b; earlier reviews include
Foley 1985; Martin 1983; Smith 1983; Winterhalder & Smith 1981). The theoretical and
methodological assumptions that underlie use of the approach have been discussed in detail
in several recent publications.!' Here, I provide only a brief overview of the nature of
explanation within evolutionary ecology, and a discussion of the implications for the way I

approach explanation of fishing at Gwaimasi.

1.2.1 Functional explanation

Evolutionary ecology explains behaviour in terms of its consequences rather than in
terms of its causes or motivations. As such, it falls within a long-established - and often
criticised - tradition of functionalist explanation within anthropology (see reviews, and
critiques, in Ellen 1982; Hardesty 1977; Jochim 1981; Orlove 1980; E.Smith 1981,
1991a). This mode of explanation begins with the recognition that the outcome of any
action, through its consequences for the actor, may affect the probability of that action
being repeated (for further discussion see Elster 1983:57ff; Smith & Winterhalder
1992a:42-3).

Any act, of course, may have wide-ranging consequences, and much of the past
difficulty with functionalist explanation has concerned identification of relevant effects.

For the most part, the problem reflects a failure to clearly specify a mechanism through

existence of genes; it entails only the existence of replicators, variation in the form of
those replicators, and a degree of error in replication itself, to allow generation of new
variants (Dawkins 1982; Maynard Smith 1987; see 1.2.2). Genetic reproduction is but
one of the systems that fulfil these requirements.

1! Gee especially papers in Dupré (1987), Krebs & Davies (1991) and Smith &
Winterhalder (1992b), and the book by Stephens & Krebs (1986). 1 find Beatty (1980)
one of the simplest statements of the underlying logic, at least of optimality theory. The
introductory chapters in Smith (1991a) and in Smith & Winterhalder (1992b) are expressly
framed in relation to anthropological concerns, but also present perhaps the most careful
and comprehensive discussion of the general concepts of evolutionary ecology. Their care
may reflect the need to counter the discomfort felt by many anthropologists when
encountering the language of evolution (a discomfort based in the past misuse of such
language within anthropology to refer to developmental - not evolutionary - models of

human history), by clearly laying out all implications.
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which outcomes may influence future patterns of behaviour. With no prior understanding
of process, researchers are left with little option; they must explain the repetition of
behaviour in terms of effects maintaining conditions that produced the original behaviour.
It is the lack of attention to process, rather than any intrinsic constraint of functionalist
explanation, that has led to the justifiably criticised emphasis on post hoc homeostatic
models in much ecological analysis.'> As Elster (1983:21) noted, functional explanation
is not complete in itself; it relies for its validation on an underlying causal explanation. It
is in the provision of such a causal mechanism - in terms of natural selection - that
evolutionary ecology differs from earlier approaches to functionalist explanation of human
behaviour. That mechanism shifts the emphasis of investigation to the relative outcomes
offered by alternative modes of behaviour, rather than the possible functions of a

particular mode of behaviour (see discussions in Winterhalder 1981a:14-5; Winterhalder &

Smith 1992:6-7).
1.2.2 Selection

The concept of natural selection, as it applies to behaviour, is based on three

simple observations:

- individuals vary in their behaviour, as they do in morphology and physiology;

- patterns of behaviour can be transmitted from one individual to another, perhaps
through genes but certainly through learning; and

- some patterns of behaviour are more likely to be transmitted, to be reproduced,
than others.

Evolutionary ecologists go on to argue that the patterns of behaviour observed in any

situation can be explained in terms of this differential reproduction. 'Natural selection’

refers to the process by which those variants most likely to be reproduced in the given

' Jochim’s (1981:28ff) critique of the use of functionalist explanations in
anthropology followed similar lines. He sought a mechanism in psychological processes
of reinforcement - but failed to recognise that the logic of his explanations remained
functionalist - ie., the outcome of behaviour determines the probability that it will recur.
Operant conditioning, as described by Jochim, may provide a mechanism for the
expression of conditional strategies and, recently, several evolutionary ecologists have
expressed interest in the role of such mechanisms (eg. Krebs & Davies 1991:x; Crook
1989). Ultimately, however, it remains necessary to explain why a particular effect of
behaviour is responded to as reinforcement or deterrent in the first place.
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circumstances - those that are ’fittest’, to use the technical term - increase their

proportional representation through time, eventually replacing others.

I have not specified a mechanism by which behaviour is reproduced. (Nor, for
that matter, did Darwin when he first outlined the idea of natural selection.) In fact,
evolutionary ecologists usually do not concern themselves with this matter. They analyse
behaviour as though it is transmitted by simple genetic processes, but are well aware that
this is unlikely to be the case in even the simplest of behavioural systems. Certainly, the
phenotypic traits (including behaviour) that form the focus of ecological analysis are not
controlled by single genes; rather, their expression is the result of a complex interplay
between environment and genes. Nevertheless, evolutionary ecology routinely models
variation in such traits as though they are controlled by single genes. This ’phenotypic
gambit’ (Grafen 1991; see Lloyd 1977; Maynard Smith 1982; Smith & Winterhalder
1992a:33-4) is an analytical strategy, based on the assumption that selective forces will
ultimately produce the same effect irrespective of the mechanisms of transmission

operating.

Whether cultural transmission of behaviour - the propensity for which is
presumably itself the result of genetic evolution - will result in deviation from optima
favoured by genetic selection remains a moot point (see Boyd & Richerson 1985; Durham
1990, 1992; Goldschmidt 1993; Richerson & Boyd 1992; Smith 1991a:13-24). That such
transmission (or adoption) is itself selective, however, seems clear. As Smith (1991a:23)
notes, subsistence behaviour - the focus of this thesis - is most likely to be learned from
parents or other close relatives. The assumption that selection of subsistence strategies

will resemble that resulting from genetic inheritance is thus reasonable.

The use of a simplified genetic model leads to two significant methodological

assumptions that characterize applications of evolutionary ecology.

(a) Methodological individualism. Selection acts at the level of the individual, not of
the group or population. Patterns of action, therefore, must be understood in terms

of their implications for the actor.”” More specifically, differential reproduction

3 More generally, 'methodological individualism’ holds that the properties of groups
(eg. populations, societies, economies) are the result of the actions of their individual
members; consequently, they can best be analysed in terms of those actions (see
discussions in Smith & Winterhalder 1992a; Smith 1991a). This assumption has provided
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of behaviours must be explained in terms of their relative consequences for

survival and reproduction of the actors.

(b) Behavioural strategies. Selection will ensure that, in all circumstances, actors are
most likely to choose the behavioural option that best enhances reproduction.
Consequently, behaviour can be modelled in the form of "decision rules’ or
'conditional strategies’ (ie. "if the environment or payoff matrix looks like x, then
do y"; Smith 1991a:10). Analyses assume that it is these strategies that are the

subject of selection.
1.2.3 Models

The outcome of any behavioural strategy, however measured, depends on the
context in which it is used. It is thus to context that evolutionary ecologists turn for
explanations of variation in behaviour, both within and between populations. They seek to
identify the proximate variables that influence the fitness value of one behavioural strategy

relative to others.

Relationships between variables can be identified through a search for correlations,
an inductive research strategy that makes no assumptions about process. Much ecological
research in anthropology has relied on this approach and the use of post hoc explanations
to accommodate observed relationships (see critiques in Ellen 1982; Jochim 1981; Smith
1991a). Evolutionary ecology, however, presupposes, in natural selection, an a priori
mechanism underlying relationships. It then deduces the form that relationships could be
expected to take given a postulated understanding of circumstances, and tests that
understanding by comparison of predicted and observed patterns of variation. This
hypothetico-deductive research strategy is seen, by most practitioners (eg. Krebs &
Kacelnik 1991:106-7; Smith 1991a:8-10; Winterhalder & Smith 1992:11ff), as the great
strength of evolutionary ecology. Certainly, it allows the identification of relationships

that are not intuitively obvious, and that even may be counter-intuitive.

the basis for much economic and social analysis (eg. Boone 1992; Hardin 1982: Heath
1976; Peoples 1982; Roemer 1982; Vayda 1986). Such analyses often further assu'me that
actions are the result of rational choice by the actor, and must be understood in terms of
the self-interests of the actor. These latter assumptions, however, are not il

entailed by methodological individualism. % Tob necessartly
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The application of evolutionary ecology to interpretation of a given behavioural

phenomenon entails identification of three kinds of variable'*:

(a)  Strategy set - the behavioural variable to be examined, and all the possible states
that the variable could take. In the case of prey choice - one of the most common
models used in evolutionary ecology, and of relevance to my concerns in this study
- the strategy set comprises all the possible combinations of prey types that an
individual might include in its diet. These possible strategies, then, provide the

variation on which natural selection would act.

(b) Currency - a variable in the material outcome of behaviour that is used to
calculate the relative success of a given strategy. Ultimately, the success of a
strategy must be defined in terms of resultant changes in the relative frequency of
that particular pattern of behaviour through time. Changes in frequency, however,
can be measured only after the fact, and this raises major issues conceming the
temporal scale of measurement. Evolutionary ecologists thus define factors that
they consider affect propensity for differential reproduction of behaviour, and
measure variation in these as an index of - a currency for - fitness. Many analyses
concerning subsistence behaviour assume simply that, all else being equal, the
relative fitness of a behavioural option - the relative probability that it will be
reproduced - will be a function of the consequent time and energy available to
invest in other fitness-enhancing activities; thus, energetic efficiency can be taken
as a currency for fitness when comparing behavioural strategies (see discussions in
Smith 1991a:45-52; Stephens & Krebs 1986:14-17; Winterhalder 1981a:20-22).
This argument would hold whether the crucial activities are considered to be those
affecting individual survival and reproduction or those of the culturally defined

domains of political and economic competition.*

14 For other summaries of the components of models in evolutionary ecology, and
more detailed discussion, see Krebs & Kacelnik (1991:108), Smith (1987a), Smith &
Winterhalder (1992a:54ff) and Stephens & Krebs (1986:Ch.1).

15 Some authors (eg. Betzig 1988; Boone 1992; Borgerhoff Mulder 1988) argue that
political and economic interactions are ultimately reducible to the biological domain, as
competition for the means to enhance reproductive success. They certainly provide
substantive evidence that success in political, economic and reproductive domains is

correlated.
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(© Constraints - the contextual variables that determine the outcome, and thus the
relative fitness, of behavioural strategies. The constraints relevant to any analysis
obviously depend on both the behavioural variable being examined and the
currency being used to index fitness. The energetic efficiencCy that would result
from choosing to pursue a particular type of prey, for example, would depend on
the size and abundance of those items, and the average time entailed in their
location and handling. Any variation in those factors would affect the relative

efficiency of alternate strategies in predictable ways.

Models developed by evolutionary ecologists (often adapted from the optimality
models and game-theory models of economic theorists), can be used to predict both the
behaviour that would be expected given a certain set of constraints and the ways in which
behaviour can be expected to change as constraints are altered. The identification of
relevant constraints clearly is crucial to the explanation of variation in behaviour. But
constraints may be of many forms. Constraints extrinsic to the actor, such as type and
relative abundance of prey items available, are usually overtly incorporated within models.
In addition, the actor may be subject to intrinsic constraints - set by biology or, in the
case of humans, by technology - that affect performance; the potential rate of travel, or
perhaps the ability to process information about resources, would fall into this category.
Both types of constraint affect the material outcome of behavioural options, and it is the
effects of variation in these that have formed the focus of most analyses. My concern in
this thesis, however, is with another form of constraint - constraints not on the outcome of

action but on the use that can be made of that outcome.

Stephens and Krebs (1986:10) subdivided intrinsic constraints into those affecting
the abilities of the actor and those affecting the requirements of the actor.'® T will go
further, and argue that extrinsic constraints can be similarly divided. The extrinsic
constraints usually recognised in models, and referred to above, are those that influence
the outcome an actor can achieve; they affect 'ability’. But there are extrinsic constraints,
too, on the requirements that an individual brings to any action. In particular, those

requirements depend on the actions of others; resources received from others, for

' Stephens & Krebs wrote of ’tolerances’ rather than ‘requirements’ when identifying

their second category of intrinsic constraints. 1 have followed Smith & Winterhalder
(1992a:56) in using the latter term.



17

extrinsic constraints

intrinsic constraints -
t 'OF ability

BEHAVIOUR MATERIAL OUTCOME

extrinsic constraints

intrinsic constraints - |
on requirements

Figure 2 The locus of action for different categories of contextual
variables affecting reproduction of behaviour.

example, would reduce the amount that could be usefully procured, while any part of

one’s catch taken by others would increase the amount that could be usefully procured.

Whereas constraints on ability affect the relationship between the form of
behaviour and the currency used to index fitness, the requirements of the actor define the
relationship between the currency itself and fitness.”” In other words, the requirements
of the actor mediate not the matenal outcome of behaviour but the implications of that
outcome for reproduction of the behaviour (Figure 2). The distinction is important, and
clearly relates to that drawn in Section 1.1 between the material outcome of action and the
use that can be made of that outcome. 1 will return to this in the next section. First,

however, I will briefly address some criticisms of evolutionary ecology as a method of

inquiry.
1.2.4 Criticisms

The use of evolutionary ecology as an approach to the understanding of behaviour,

particularly human behaviour, has not gone unchallenged. Indeed, there has been some

7 This view seems to contrast with that of Stephens & Krebs (1986:9) who defined
constraints simply as "all those factors that limit and define the relationship between the
currency and the decisions variable(s)". The distinction I have identified is acknowledged
in subsequent statements, however, as when they argue for "using energy maximization as
the currency, and converting the consequences of each behaviour to probabilities of
survival" (ibid:127). 1 am interested in factors that ’limit and define’ the latter

relationships.
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quite vociferous criticism over the years from biologists as well as anthropologists (eg.
Gould & Lewontin 1979; Gray 1987; Ingold 1990, 1991b; Keene 1983; Rose et al. 1984;
Martin 1983; Pierce & Ollason 1987; Symons 1989). The various critiques have been
addressed in detail by several authors (eg. Borgerhoff Mulder 1991; Dupré 1987; Krebs &
Houston 1989; Smith 1987a; 1991a; Stephens & Krebs 1986; Winterhalder & Smith 1992}
and, in general terms, I am aligned with these responses. A few points are worth

mentioning here.

A common theme running through much criticism of evolutionary ecology is
concern for the sociopolitical implications of interpreting behaviour in terms of fitness
maximization (Lewontin et al. 1985; Maynard Smith 1985; Sahlins 1976b). Ideas are not
developed in a social vacuum. The apparent emphasis on competition and individual self-
interest within evolutionary ecology may be seen not only as deriving from current
capitalist ideologies but as used to justify the racial, sexual and class inequities produced
by that system. Such fears are difficult to allay. As Smith (1991a:37-39) noted,
however, conservative political applications are neither necessary nor logical consequences
of the assumptions of evolutionary ecology (see also Winterhalder & Smith 1992:18-20;
Borgerhoff Mulder 1991:92-3); a concern with patterns of co-operation and with questions

of collective action are as important as notions of competition in recent studies.

More specific criticisms tend to address the methodological assumptions that
underlie models of behaviour.  Evolutionary ecology is concerned only with the
differential survival of form, not with its generation. Much of the criticism of
evolutionary ecology within anthropology (and, for that matter within biology) can be
traced to a confusion or conflation of these two levels of explanation. It is true that the
optimization and game theory models of evolutionary ecology "differ drastically from
actual decision-making procedures” {(Jochim 1983:164). People do not usually act on the
basis of calculated consequences for energetic efficiency (or, at a further remove, for
survival and reproductive success). Their motives are generally far more particular,
short-sighted, and constructed within a frame of culturally specific meanings. But the
arguments of evolutionary ecology presuppose nothing of the process of decision-making.
They presume simply that the outcome of behaviour, however motivated or generated,

will affect the probability of its reproduction. Functional and causal accounts of
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behaviour'’® are complementary, not contradictory, ways of understanding decisions
(Borgerhoff Mulder 1991; Krebs & Davies 1987:351-3; Winterhalder & Smith 1992): a
complete explanation might entail understanding both the cultural meanings that motivate
behaviour and the functional consequences of behaviour for reproduction of those
meanings and thus of behaviour (cf. Bird-David 1992a; Smith 1987a; Therborn 1991).
The exploration of intentionality is beyond the scope of evolutionary ecology, but this

does not mean that evolutionary ecology itself is not a legitimate mode of enquiry.

There may well be an underlying rationality to behaviour, then, that is independent
of the intentions of the actor or the ways that decisions are reached. But it is another
matter to argue that the basis of that rationality will be found in the current context of
action. As several critiques of evolutionary ecology have noted, this presupposes that the
context is static, or at least changes more slowly than attributes evolve (Cody 1974;
Maynard Smith 1978; Pierce & Ollason 1987; Pyke 1984). Natural selection is a process,
not an event; it takes time. We could expect, then, a lag between any change in
environment and corresponding shifts in the behaviour of organisms. In fact, where
environments are highly changeable, selective forces acting on organisms may be too
unstable for optimal strategies to ever emerge. Arguably, however, this would simply
lead to selection for an ability to strategically adjust behaviour to rapidly changing
conditions - perhaps through mechanisms such as learning, rationality, and cultural

transmission (Smith & Winterhalder 1992a:53).

Even if organisms behave optimally in the given circumstances, it is questionable
whether the models of evolutionary ecology could adequately represent the underlying
rationality. Natural selection is but one of the evolutionary processes acting to shape
behaviour, and it can act only on the variation that is encountered. It would be wrong,
then, to assume that organisms could take any form specified by a model. Historical and
developmental constraints on an actor may limit both the options available and the relative
fitness value of those options (Gould & Lewontin 1979; Ingold 1990, 1991b). Critiques

along these lines are aimed, in fact, at a naive ’panglossian’ approach to modelling that

18 Tinbergen (1963; see also Mayr [1988:27-8] for a slightly different categorization,
and Winterhalder & Smith [1992:9-11] for a discussion of how the two schema are
related) actually identified four distinct ways of approaching explanation of behaviour: in
terms of function, causation, development and evolutionary history. All have held
prominence at times within anthropology.
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has long been superseded within evolutionary ecology. Practitioners are well aware that
attributes of the actor, and not just of the environment, may constrain optimal solutions

(see 1.2.3c). In fact, models may be used now to examine the implications of such
intrinsic constraints (Smith 1991a:44).

To require that models explicitly incorporate the various historical and cultural
factors that may be crucial for understanding a particular system, is to misunderstand the
role of modelling. Formal models, as Smith (1991a:45) notes, "are not intended to
describe reality fully but to isolate some of the variables that are presumed to be

important, so that their importance can more easily be evaluated by theoretical and
empirical means".

Nevertheless, it is true that extant applications of evolutionary ecology often
overlook the crucial role of social constraints and interactions, and it is this failure that
disturbs many anthropologists. There is a feeling that evolutionary ecology ignores "the
social dialectic that exists between the needs of the individual and the needs of society"
(Keene 1983:142).' This neglect, I suggest, can be traced to the general lack of
attention paid to the role that constraints on requirements play in mediating patterns of
optimal behaviour. People are social animals. The material needs of individuals, like
their capabilities, are defined by the social context in which they exist. It should be

possible to model the effects on optimal behaviour of variation in that social context.

1.3  THESIS

Drawing the various threads of the previous two sections together, my thesis can
be summarized as follows:

The relative probability that particular patterns of behaviour will be reproduced
depends on both social and ecological factors. Variation in either domain can be expected

to affect the kinds of behaviour observed. But the two domains do not affect behaviour in

" One response to this accusation has been the recent interest in investigation of
collective action through the strategic models of game theory - models explicitly
predicated on recognition that strategies optimal for one actor may not be feasible owing
to the actions of others. In this view patterns of social behaviour are seen as an emergent
consequence of interaction with others (eg. Boone 1992; Hawkes 1992).
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the same way. Ecological constraints determine the material outcome of action; for
analytical purposes, they can be considered to define the relationship between behavioural
strategies and some measurable currency. Social constraints, on the other hand, affect the
use that can be made of a particular outcome; they define the relationship between the
measured currency and fitness, the probability that the behaviour will be reproduced. The
two domains are complementary, not contradictory, in their influence. Patterns of
behaviour, in this sense, are overdetermined®®; each influential factor is itself both cause
and effect. Neither ecological nor social factors can be considered the essential cause of

behaviour, and either domain may be considered a legitimate entry point for analysis.

The role of ecological factors in influencing behaviour has been extensively
modelled by evolutionary ecologists. The place of social factors within this
methodological framework has been more problematic. Indeed, as will be discussed
below, evolutionary ecologists have been more concerned with explaining patterns of
social behaviour than with understanding the constraints that such patterns may place on
the value of other actions. My primary concern is to establish the place of social relations

in modelling the fitness consequences of behaviour.

1.3.1 The effect of social organization

"If foragers can expect to exchange food with other individuals, their
foraging strategies are likely to be sensitive to those expectations.... These
considerations represent a largely unexplored area of foraging theory"
(Kaplan & Hill 1992:194).

The particular analyses reported in this treatise concern patterns of fishing
behaviour. Acquisition of resources, especially food, has been a primary topic of study
for human behavioural ecologists, as for ecologists in general. This is, after all, the most
obvious and tangible locus of interaction between people and the world that surrounds
them; without food procured from that environment one cannot survive, much less
reproduce. Models of optimal foraging behaviour were among the first to be developed

by evolutionary ecologists and, until recently, have been the focus of most attention in

2 1 yse this term in the sense proposed by Resnick & Wolff (1987). For a brief
introduction to the concept of overdetermination see the responses by Resnick & Wolff
(1992) and by Graham (1992) to Peet’s (1992) critique of anti-essentialist arguments.



22

anthropology. Over the years, the original models have been elaborated to deal with,
among other things, diet breadth and choice of items, foraging space, foraging period and
foraging group size (see reviews in Kamil et al. 1987; Stephens & Krebs 1986). There
are specific versions for homogeneous and patchy environments, for central-place foragers
and those who wander at random, for those sensitive to risk and those who have no need
to worry about failure. All, however, start with the assumption that natural selection will
favour efficient foragers, the usual measure of efficiency being the net rate at which
energy is acquired during foraging. With all else held constant, it is argued, fitness will
be a function of the time and energy available to invest in other fitness-enhancing

activities.

In fact, of course, all else is not held constant. At the least, people need nutrients
as well as energy for survival, and foraging decisions affect access to these as well as to
energy and time. More complex modelling techniques (eg. linear programming, or the
designation of indifference curves), which allow the effect of multiple variables to be
considered in design problems, have been proposed to deal with such situations (eg.
Belovsky 1987; Hill 1988; Stephens & Krebs 1986; Winterhalder 1983).>! Nevertheless,

energetic efficiency has proved a fairly robust currency for fitness.

My concern is not with the identification of particular currencies for fitness but
with the shape of the functional relationship that is assumed to exist between the currency
and fitness, and how it may be affected by constraints on requirements. Again, I return to
the problem of the relationship between the material outcome of an action and the value of

that outcome to the actor.

Initial models (eg. models of diet-breadth and prey-choice; MacArthur & Pianka
1966; Pulliam 1974; Schoener 1971) assumed simply that the relationship between

currency and fitness was linear; the effect of any change in the amount of time and energy

?! The increased realism of such complex models has its own cost (Levins 1966), a
loss in the generality that was one of the great attractions of optimality theory. In
addition, parameters of such models - eg. the shape of indifference curves - often cannot
be derived from first principles, and must be induced from particular observations, with
the associated problems of measurement and inference. Though there are methods
available for testing confidence in assumed values (see Hill 1988), the move away from
the deductive methodology that characterized tinitial developments within evolutionary

ecology is seen by some as a major flaw (eg. Hawkes & O’Connell 1985: Smith
1991a:49-50). '
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Figure 3 Gain curves showing relationships between the amount of a

resource procured and the consequent benefit in terms of fitness: (@) linear
relationship with value of product proportional only to amount - thus
Y1 = Y2 (b) declining marginal value relationship, with initial units
procured worth more than subsequent units - thus y, > y,.

available to an individual was considered proportional only to the size of the change.
Thus, a kilogram of meat would always provide the same benefit, irrespective of the
context of capture, while two kilograms would be twice as valuable (see Figure 3a). The
value of a foraging decision, then, was seen as being inherent in the physical properties of
the product - in the case of food, its quantity and nutritional composition. Since size and
nutritional composition of any category of prey could be regarded as given, any variation
in the value of taking such items was assumed to arise in relation to the costs, rather than
benefits, of procurement; a change in availability of items might affect search time, and
thus the amount of energy foregone by not taking items of other types; a technical
development might affect the accessibility of items, reducing both search time and

handling time (for examples of analyses along these lines see O'Connell & Hawkes 1981;

Winterhalder 1981b).

There is, however, no a priori basis for assuming a linear relationship between the
material outcome of a foraging decision and the value of that outcome in terms of fitness.
Several researchers have argued, to the contrary, that the value of procuring a resource

depends not merely on its size but on the amount of that resource already available
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(Blurton Jones 1984, 1987; Maynard Smith & Parker 1976). They suggest, for example,
that the second kilogram of meat consumed at a sitting is likely to contribute less to
nutritional status that the first. Where this is the case, food may be described as having a

declining marginal value, in that the benefit to be gained from its procurement declines as

the quantity already obtained increases (see Figure 3b). 23

Marginal value curves may take other forms (see Blurton Jones 1987; Boone
1992:320-2; Smith 1991b:234-6; Smith & Boyd 1990:169-73). Where an individual is
close to starvation, for example, a small amount of food may make comparatively little
difference to nutritional status; significant improvement would require a substantial meal.
Marginal value of food thus would accelerate as the amount available increased, only to
decline again as nutritional requirements were met. Economies of scale may induce a
pattern of accelerating marginal value in monetary economies; the more wealth one has to
invest the greater the proportional return. Non-material goods such as prestige or power,
too, may display an accelerating pattern of marginal value. I am less interested, here, in
the actual shape of curves than in establishing the fact that the benefit to be gained by

procuring a resource does not simply depend on the physical attributes of the product. It

may be affected by the state of the consumer.

The realization that state of the consumer might affect optimal foraging decisions is
comparatively new in evolutionary ecology (see review in Krebs & Kacelnik 1991), and
the implications are still being explored. First, while marginal use-value clearly is not
determined by physical attributes such as size of resource packages, those physical

attributes do influence the way that value is affected by changing requirements. As

#Z Timescale is important here. Clearly, the amount of meat eaten the previous day
will have less effect on the value of new acquisitions than that eaten the same day. The
shape of the marginal value curve for food is determined by the rate at which nutrients are
utilized. If rate of consumption can be reduced to match rate of utilization, through
storage perhaps, then the marginal value curve - the relationship between material
outcome of food-getting decisions and the value of that outcome - may well be linear.

% Models of patch leaving-time (Charmov 1976), and of central-place foraging
(Orians & Pearson 1979), are also based on an assumption of diminishing returns through
time. In these cases, however, the relationship is based on increasing COSts through time
as the forager depletes availability of resources or becomes less efficient as the amount
carried increases. The models relate to constraints on production not consumption. I am
interested, here, in the consequences of changing use-value of the product, rather than
changing cost of its procurement.
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Figure 4 Effect of changing requirements on the relative value of
different resource types. Resource / is potentially more valuable than
resource j in this figure, but only if comparatively large quantities can be
used. The two resources reverse their rankings as requirements decline (eg.
from r’ to r).

benefit to be gained from procurement of further food declines, relative costs become
increasingly important in determining the potential value of foraging options. Figure 4
provides a simplified illustration (assuming that the relationship between material outcome
and marginal value is linear but limited) of the implications of different needs for the way
subsistence options are ranked. The potential value of procuring any resource will be
limited by the average size of the items relative to the cost of procuring such items. But
consumers are not necessarily able to make full use of an item; if only half the item can
be used then the value of procuring it will be reduced accordingly. The point at which
value begins to reduce with declining requirements will depend on the size of items;
options that produce large packages of food may decline in value much sooner than others
as needs reduce. (Costs of procurement presumably would be unaffected.) This

differential effect means that rank of options, and not just absolute value, may be affected
by changing requirements.
Clearly, individuals with different needs can be expected to make different

subsistence decisions. And, as the ne