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Seasonality has effects on a wide range of human functions and activities, and is
important in the understanding of human—environment relationships. In this
volume, distinguished contributors, including human biologists, anthropologists,
physiologists and nutritionists, consider many of the different ways in which
seasonality influences human biology and behaviour.

Topics addressed include the influence of seasonality on hominid evolution,
seasonal climatic effects on human physiology, fertility and physical growth,
seasonality in morbidity, mortality and nutritional state, and seasonal factors in
food production, modernisation and work organisation in Third World econ-
omies.

This book will be of interest to graduate students and researchers in human
biology, anthropology and nutrition.



SOCIETY FOR THE STUDY OF HUMAN BIOLOGY
SYMPOSIUM SERIES: 35

Seasonality and human ecology



PUBLISHED SYMPOSIA OF THE
SOCIETY FOR THE STUDY OF HUMAN BIOLOGY

10 Biological Aspects of Demography ED. W. BRASS

11 Human Evolution ED. M.H. DAY

12 Genetic Variation in Britain ED. D.F. ROBERTS AND E. SUNDERLAND

13 Human Variation and Natural Selection ED. D.F. ROBERTS (Penrose Memorial
Volume reprint)

14 Chromosome Variation in Human Evolution ED. A.J. BOYCE

15 Biology of Human Foetal Growth ED. D.F. ROBERTS

16 Human Ecology in the Tropics ED. J.P. GARLICK AND R.W.J. KEAY

17 Physiological Variation and its Genetic Base ED. J.S. WEINER

18 Human Behaviour and Adaptation ED. N.J. BLURTON JONES AND V. REYNOLDS

19 Demographic Patterns in Developed Societies ED. R.W. HIORNS

20 Disease and Urbanisation ED. E.J. CLEGG AND J.P. GARLICK

21 Aspects of Human Evolution ED. C.B. STRINGER

22 Energy and Effort ED. G.A. HARRISON

23 Migration and Mobility ED. A.J. BOYCE

24 Sexual Dimorphism ED. F. NEWCOMBE et al.

25 The Biology of Human Ageing ED. A.H. BITTLES AND K.J. COLLINS

26 Capacity for Work in the Tropics ED. K.J. COLLINS AND D.F. ROBERTS

27 Genetic Variation and its Maintenance ED. D.F. ROBERTS AND G.F. DE STEFANO

28 Human Mating Patterns ED. C.G.N. MASCIE-TAYLOR AND A.J. BOYCE

29 The Physiology of Human Growth ED. J.M. TANNER AND M.A. PREECE

30 Diet and Disease ED. G.A. HARRISON AND J. WATERLOW

31 Fertility and Resources ED. J. LANDERS AND V. REYNOLDS

32 Urban Ecology and Health in the Third World ED. L.M. SCHELL, M.T. SMITH AND
A. BILSBOROUGH

33 Isolation, Migration and Health ED. D.F. ROBERTS, N. FUJIKI AND K. TORIZUKA

34 Physical Activity and Health ED. N.G. NORGAN

Numbers 1-9 were published by Pergamon Press, Headington Hill Hall, Headington,
Oxford OX3 OBY. Numbers 10-24 were published by Taylor & Francis Ltd,

10-14 Macklin Street, London WC2B 5NF. Further details and prices of back-list numbers
are available from the Secretary of the Society for the Study of Human Biology.



Contributors

E. Bénéfice

Nutrition Unit, Institut Francais de Recherche Scientifique pour le
Developpement en Coopération (ORSTOM), Centre ORSTOM de
Dakar, BP 1386, Dakar, Senegal

A.H. Bittles

Department of Anatomy and Human Biology, King’s College
London, Strand, London WC2R 2LS, UK, and Edith Cowan
University, Perth, Western Australia

F. Branca

Istituto Nazionale della Nutrizione, Via Ardeatina 546 00178 Rome
Italy

]

A. Chahnazarian

Population and Health Unit, Institut Francais de Recherche
Scientifique pour la Developpement en Coopération (ORSTOM),
Centre ORSTOM de Dakar, BP 1386, Dakar, Senegal

T.J. Cole
Dunn Nutritional Laboratory, Downhams Lane, Milton Road,
Cambridge CB4 1XJ, UK

K.J. Collins

Division of Geriatrics, Department of Medicine, University College
and Middlesex School of Medicine, St Pancras Hospital, 4 St Pancras
Way, London NW1 OPE, UK

M.J. Dauncey

Department of Molecular and Cellular Physiology, AFRC Institute of
Animal Physiology and Genetics Research, Babraham, Cambridge
CB2 4AT, UK

V. Delaunay

Population and Health Unit, Institut Francais de Recherche
Scientifique pour le Developpement en Coopération (ORSTOM),
Centre ORSTOM de Dakar, BP 1386, Dakar, Senegal

A. Ferro-Luzzi
Istituto Nazionale della Nutrizione, Via Ardeatina 546 00178 Rome,



List of contributors

Italy

R.A. Foley

Department of Biological Anthropology, University of Cambridge,
Downing Street, Cambridge CB2 3DZ, UK

I. de Garine
Centre National de la Recherche Scientifique, 31 Bis, Rue de Sevres,
92100 Boulogne, Paris, France

R.A. Huss-Ashmore

Department of Anthropology, University of Pennsylvania, University
Museum, Philadelphia PA 19104-6398, USA

D.L. Ingram
Department of Molecular and Cellular Physiology, AFRC Institute of

Animal Physiology and Genetics Research, Babraham, Cambridge
CB2 4AT, UK

F.E. Johnston

Department of Anthropology, University of Pennsylvania, University
Museum, Philadelphia PA 19104-6398, USA

C. Panter-Brick

Department of Anthropology, University of Durham, 43 Old Elvet,
Durham DHI1 3NH, UK

L. Rosetta
Laboratoire de Physiologie des Adaptations, Université Paris 5, 24
Rue du Faubourg Saint-Jacques, 75015 Paris, France

L. Sanz

Department of Anthropology, Complutense University, Madrid,
Spain

F. Simondon
Nutrition Unit, Institut Francais de Recherche Scientifique pour le

Developpement en Coopération (ORSTOM), Centre ORSTOM de
Dakar, BP 1386, Dakar, Senegal

K.B. Simondon

Nutrition Unit, Institut Francais de Recherche Scientifique pour le
Developpement en Coopération (ORSTOM), Centre ORSTOM de
Dakar, BP 1386, Dakar, Senegal

S.S. Strickland

Centre for Human Nutrition, London School of Hygiene and
Tropical Medicine, Keppel Street, London WCIE 7HT, and
Department of Anthropology, University College London, Gower



List of contributors Xi

Street, London WC1, UK

M.A. Stroud
Applied Physiology (A), Army Personnel Research Establishment,
Ministry of Defence, Farnborough, Hants. GU14 6TD, UK

A.M. Tomkins
Centre for International Child Health, Institute of Child Health, 30
Guilford Street, London WCIN 1EH, UK

S.J. Ulijaszek
Department of Biological Anthropology, University of Cambridge,
Downing Street, Cambridge CB2 3DZ, UK



Acknowledgements

We thank Professor G.A. Harrison and Professor F.E. Johnston, who
shared with the Editors the chairing of the Symposium sessions, and the
Royal Society, British Academy and British Council for financial support.

xii



10

11

Contents

List of contributors
Acknowledgements

Introduction
S.J. ULIJASZEK AND S.S. STRICKLAND

Seasonality and human biology
FRANCIS E. JOHNSTON

The influence of seasonality on hominid evolution
R.A. FOLEY

Environmental temperature and physiological function
M.A. STROUD

Physiological responses to variations in daylength
D.L. INGRAM AND M.J. DAUNCEY

Seasonality and fertility
LYLIANE ROSETTA

Seasonality of reproductive performance in rural
Gambia
STANLEY J. ULIJASZEK

Seasonal effects on physical growth and development
T.J. COLE

Seasonal variation in the birth prevalence of polygenic
multifactorial diseases
A.H. BITTLES AND L. SANZ

Environment, season and infection
ANDREW TOMKINS

Seasonal mortality in the elderly
K.J. COLLINS

vii

X

Xii

17

38

54

65

76

89

107

123

135



viii

12

13

14

15

16

Contents

Nutritional seasonality: the dimensions of the problem
ANNA FERRO-LUZZI AND FRANCESCO BRANCA

Seasonal variation in nutritional status of adults and
children in rural Senegal

KIRSTEN B. SIMONDON, ERIC BENEFICE, FRANGOIS
SIMONDON, VALERIE DELAUNAY AND ANOUCH
CHAHNAZARIAN

Culture, seasons and stress in two traditional African
cultures (Massa and Mussey)
IGOR DE GARINE

Agriculture, modernisation and seasonality
REBECCA A. HUSS-ASHMORE

Seasonal organisation of work patterns
C. PANTER-BRICK

Index

149

166

184

202

220

235



1 Introduction

S.J. ULIJASZEK AND S.S. STRICKLAND

Human ecology is the study of the interrelations that exist between
individuals, populations, and the ecosystems of which they are a part, while
seasonality has been defined as regular recurring intra-annual fluctuation
of environments, and of the individuals and populations living in them. The
appreciation of seasonality as a significant source of human variability has
a considerable history, anthropologists in particular long having recog-
nised the importance of season in the structuring of people’s lives and of
their work and ritual activities. However, it is only more recently that the
effects of seasonality on a range of human functions and activities have
been widely investigated.

The Society for the Study of Human Biology Symposium on Seasonality
and Human Ecology, held on April 9-10, 1992 at the University of
Cambridge, allowed the different ways in which seasonality influences
human biology and behaviour to be examined in a systematic manner by
human biologists, anthropologists, physiologists and nutritionists. The
papers discussed at that meeting are published in this volume.

In the first contribution (Chapter 2), F.E. Johnston discusses the range of
biological phenomena associated with seasonality and concludes that, as a
species, humans are enormously responsive to the seasonal changes and
environmental cycles that characterise their ecosystems. He argues that
environmental seasonality is not so much a stress to which contemporary
human populations must adapt, but rather a basic component of the
ecosystems within which our ancestors evolved, one that has left its mark
indelibly upon the makeup of our biology and behaviour. By using three
examples of seasonal effects upon human biology: 1. growth and develop-
ment; 2. conception and birth; and 3. food intake and nutrition, he is able to
make three generalisations. The first is that a wide range of human
biological processes show periodicities that seem to exist apart from
exogenous influences; the second is that periodic processes in humans are
biobehavioural in nature; and the third is that human groups are
enormously sensitive to their ecosystems. These generalisations are exam-
ined and developed in subsequent chapters.

R.A. Foley (Chapter 3) develops the theme that seasonality is a major



2 S.J. Ulijaszek and S.S. Strickland

evolutionary pressure, using variation in East African seasonality as a basis
for considering the diverse adaptive trends of early African hominids. This
analysis is extended by examining some of the problems faced by tropical
species adapting to temporate seasonality, including thermoregulation. He
concludes that one of the principal proximate ecological factors influencing
the success of hominids in their radiation is likely to have been the time
available for foraging during mid- to high-latitude winters.

The importance of thermoregulation in adaptation to seasonal environ-
ments is made clear by M.A. Stroud (Chapter 4), who reviews current
knowledge about physiological responses to hot and cold environments in
modern humans. He highlights areas of contention in our understanding of
human responses to cold stress, including the importance of shivering, and
of non-shivering thermogenesis. On the basis of recent evidence, he raises
the possibility that non-shivering thermogenesis may be an important
adaptation in adults to severe cold.

Another way in which seasonal environments may operate directly on
human physiology is through variation in daylength. In humans, there is
every reason to believe that light signals received by the eye have effects on
the pineal gland similar to those in animals showing obvious seasonal
rhythms. Reviewing this topic, D.L. Ingram and M.J. Dauncey (Chapter 5)
conclude that the intensity of light needed to reduce the secretion of
melatonin or reset a circadian rhythm is much greater in humans than in
other animals, and that such signals have little if any effect on the control of
human reproductive function. They show that the seasonality of birth-rates
and conception reported for populations in many parts of the world have
nothing to do with hormonal changes associated with changing daylength.

L. Rosetta (Chapter 6) continues the theme of seasonality and fertility by
examining the effects of photoperiod, temperature and humidity on human
sperm quality, hormonal rhythm, menstrual pattern and birth seasonality.
Although many of the mechanisms and mediators involved in the seasonal
regulation of fertility are not known, seasonal variation in sperm quality
and the duration of the menstrual cycle are some of the most important
factors influencing birth-rate in all populations. However, in Third World
communities seasonality of rainfall and temperature are additional factors
influencing fertility, through the physiological effects of changing energy
expenditure and nutritional status on the release of hormones involved in
the control of ovulation in women.

Seasonality in fertility is placed in an ecological context by S.J. Ulijaszek
(Chapter 7), who examines the relationships between birth-rate, pregnancy
outcome, lactational performance and child mortality in a rural commu-
nity in The Gambia, where seasonality of food intake, energy expenditure
and infectious disease are experienced. He shows that seasonal troughs in
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birth-rate are more closely related to seasonally low intakes of dietary
energy, and that childhood mortality is lowest in children conceived at the
time of year when fertility is lowest.

From reproductive performance, the focus shifts to seasonal effects on
physical growth and development. T. J. Cole (Chapter 8) carries out an
analysis of infant growth data from two contrasting populations, one in
rural Gambia, the other in Cambridge, England. There is seasonality of
growth in both groups, the effect being greater in the Gambian than the
Cambridge infants. In The Gambia, birth during certain times of the year is
better for subsequent growth and development than birth at other times.

In the next chapter, A.H. Bittles and L. Sanz (Chapter 9) consider the
possibility that polygenic multifactorial disorders show seasonal variation.
Analysis of British data on neural tube defects and schizophrenia at birth
reveals seasonality in both. They suggest that seasonality in children born
with neutral tube defects is environmentally mediated through the folate
nutritional status of their mothers during pregnancy.

A. Tomkins (Chapter 10) reviews the evidence for the influence of a
range of factors on seasonality of a number of infectious diseases, including
dysentery, malaria, measles, respiratory infections and diarrhoea. He
highlights the complexity of disease ecology in the tropics, upon which
seasonality is superimposed.

By contrast, K.J. Collins (Chapter 11) examines seasonal morbidity and
mortality in temperate regions, focussing on the elderly in Britain. He
shows that the characteristic cold weather pattern of increased winter
morbidity and mortality in cold and temperate regions is more pronounced
in Britain than in many comparable countries, hypothermia contributing
only a tiny proportion of excess winter deaths. Respiratory mortality in
winter is most closely associated with influenza epidemics and levels of
home heating, while outdoor cold is an important factor in the aetiology of
winter cardiac deaths.

The next chapter is the first of several to consider seasonal aspects of
food and nutrition. A. Ferro-Luzzi and F. Branca (Chapter 12) attempt to
determine the proportion of the world’s population exposed to seasonal
undernutrition. They use an index of seasonality in association with body
mass index to identify the parts of the world that are at high risk of seasonal
nutritional stress. They conclude that: 1. populations in parts of sub-
Sahelian and Southern Africa and in India are at greatest risk; 2.
populations in China are at considerably lower risk; and 3. Latin American
populations are at very low risk. Although the model developed by them is
somewhat speculative, and despite the acknowledgement that its utility is
restricted by inadequate data for many parts of the world, it is a method
that may be of considerable use to nutritionists and planners in the future.
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In contrast to the global approach in the previous chapter, K.B.
Simondon, E. Bénéfice, F. Simondon, V. Delaunay and A. Chahnazarian
(Chapter 13) illustrate the effects of climatic seasonality on the nutritional
status of adults and children in two populations in Senegal, West Africa,
one having access to modern irrigation technology, the other not. They
show how modern irrigation agriculture has served to reduce seasonality in
nutritional status in women, but not in children.

I. de Garine (Chapter 14) considers the perception of seasonality in two
other African communities, the Massa and Mussey, and how this relates to
climate and the human biological effects of seasonality. He shows how
complex the biobehavioural relations between humans and their seasonal
environment can be. It is important to note that seasonally high biological
stress does not necessarily coincide with seasonally high psychological
stress in these societies.

R.A. Huss-Ashmore (Chapter 15) addresses the impact of economic
change in developing countries on the ability of traditional farmers to cope
with seasonality, concluding that agricultural development may increase
incomes and food consumption, but does not do away with their
seasonality. This chapter illustrates the fact that agricultural development
is one of an array of strategies for procuring food and other resources, its
adaptive success estimated by its ability to provide adequate resources
during the lean season while not jeopardising health or long-term
productivity.

In the final chapter (Chapter 16), C. Panter-Brick examines the ways in
which communities living in seasonal environments organise themselves to
accomplish their subsistence tasks, and the underlying logic governing their
choice of work patterns. She shows that in Nepal and elsewhere,
households combine to work in labour groups at times of peak work-load,
thus enabling them to complete urgent tasks and to maximise labour
efficiency for tasks that require cooperation and pooled resources. At other
times, cooperative strategies may be less important, and so are less likely to
be practised.
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FRANCIS E. JOHNSTON

Human biology is the study of the dynamics of biological variation in
human populations. Of the numerous research avenues followed by human
biologists one of the most challenging is the description and analysis of the
relationships between the environmental milieux and the biobehavioural
structures of human groups. The challenge lies not only in the specification
and measurement of biological and environmental variables, but also the
analysis of their interactions with each other within the contexts of
hypothesis testing and the construction of models. Neither the biological
states of populations and organisms, nor the surrounding environment, are
constant, and it is this dual lack of constancy that creates problems of
methodology and interpretation in research.

Seasonality, defined by Huss-Ashmore (1988a, p. 5) as ‘regular, recur-
ring intra-annual fluctuation’ is of particular significance to human
biologists when analyzing the effects of the environment. The individual,
the population, and the environment all may fluctuate. And their
fluctuations may be stable, i.e., predictable (see Bloom, 1964), or stochastic
and predictable only within ranges of probabilities.

The appreciation of seasonality as a significant source of human
variability has a deep basis within the history of our discipline. In 1810,
Samuel Stanhope Smith, an American clergyman, published a landmark
volume on the effects of the environment on human biological variability.
In this work, Smith noted that:

The power of the climate to change the complexion is demonstrated by
facts which constantly occur to our observation. In the summer season we
perceive that the intensity of the sun’s rays in our climate tends to darken
the colour of the skin, especially in the labouring poor who are more
constantly than others, exposed to their action. In the winter, on the other
hand, the cold and keen winds which then prevail contribute to chafe the
countenance, and to excite in it a sanguine and ruddy complexion. In the
temperate zone, the causes of these alternate and opposite effects serve, in
adegree, to correct one another . . .. These effects, in countries where heat
and cold succeed each other in nearly equal proportions, are transient and
interchangeable (Smith, 1810, p. 43).

In more recent years, the seasonality of human biological and behav-



