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１．Ape evolved to Homo Sapiens??

Q1.

http://www.city.sapporo.jp/ZOO/b_f/b_22/db060.html

？



Q2. What is the definition of “species”



Scientific name： Sus scrofa (Genus+Species）

Dog：Canis lupus familiaris
Japanese wolf：Canis lupus hodophylax
Cat：Felis silvestris catus
Lion：Panthera leo

・Unit of reproduction: inter-marry and child bearing



Q3. Mechanisms of evolution?

How the genetic structure of a population 
changed?



1. Changes in DNA can produce phenotypic 
changes that are subject to natural selection, 

2. phenotype best suited to the environment 
are more likely to survive and reproduce, 

3. phenotypes with greater reproductive 
success leave more of their genes to the next 
generation, 

4. a change in gene frequencies from one 
generation to the next is defined as evolution. 

genotype

phenotype

environment



Q4. Do you know 
“origin of homo sapiens”?



Jan 01:  Bipedal Locomotion

Dec 20: Homo Sapiens (out of Africa?) 
Dec 30 17:00 First visit to American continent
Dec 31 06:00 Domestication of plants/animals 
Dec 31 16:00 Colonization of Oceania/high altitude
Dec 31 17:00 Civilization (4000yBP)
Dec 31 23:00 Industrialization (500yBP)
Dec 31 23:40 Westernization (200yBP)
Dec 31 23:50 Urbanization (100yBP)

Our ancestral history



12000 BC

AD 500

10000 BC

1200 BC

50000 BC

20000 BC

Past migration of Homo Sapiens



Understanding a human population
: the target of international health

Biological adaptation
e.g., thrifty genotype

tolerance to malaria infection

heat tolerance
low-protein diet (?)

Cultural adaptation
e.g., social organization

social institution
belief

generations

years

years
～generations



Feast or famine

×
×

Australia

Tonga

Thrifty genotype



Social organization

How long?

Sweet potato?

Sensitivity



What I do not know

What I do not understand What I understand

What I know



What I do not know

What I do not understand What I understand

What I know



What I do not know

What I do not understand What I understand

What I know



What I do not know

What I do not understand What I understand

What I know



Principle methodologies in the field (human ecologists)

Learn language that is spoken in the field
Rapport with the people
Enlarge the area of “what I know”

～participant observation

6 months
- 1 year

In-depth interview
Quantitative measurements
Questionnaire survey

3months
- 40 years



What I do not know

What I do not understand What I understand

What I know

“I have already spent one year in the field.  Though I have leaned a lot about the people, 
the more I learn, the more I am confused.  The hypothesis that I made according to the 
previous papers seems too superficial to be tested in this society.  What I should study? ”



What I do not know

What I do not understand What I understand

What I know

“The previous study showed that the poor economic status disturbed the people’s acceptance 
of modern contraception. So, I will make the questionnaire that include the questions about 
economic status and use of contraception, which will give me the results worth writing the 
paper in the International Journal. It will take a month for data collection”



Summary

1. Each human population have history and 
have survived in its own context (biological 
and cultural adaptation).

2.  “What you do not know” for the target 
population is far more than “What you 
know”. You will not recognize that because 
you do not know.  Participatory 
observations will help you to enlarge the 
area of “what you know (but what you do 
not understand)”.



Anthropology

Public health

International Health

One week in the field, 
Employ fieldworkers, 
Hotel 

Two years or more in the field
The researcher is a fieldworker
Live in the village



Case study(1)：
Demographic change in a rural 

population under modernization:

（PNG/ East Sepik）

What is “demographic transition”?



Google Earth 4.0



Google Earth 4.0

Umezaki, M. and Ohtsuka, R. (1998). Impact of rural-urban migration on fertility: a 
population ecology analysis in the Kombio, Papua New Guinea. Journal of 
Biosocial Science, 30: 411-422. 

Umezaki, M. and Ohtsuka, R. (1996). Microdemographic analysis for population 
structure from a closed to open system: a study in the Kombio, Papua New Guinea. 
Man and Culture in Oceania, 12: 19-30. 



＜Kombio-speaking group in East Sepik Province＞
N=3500, five dialect groups and 35 villages.
Exploitation of starch in Sago palm, slush and burn agriculture (tubers), 

hunting and gathering.
No modern contraceptive methods available in 1992

＜History of modernization＞
1930 First contact to European
1935 Earth Quake
1944 Invasion of Japanese troops
1952 Construction of airstrip in the territory
1957 Establishment of Christianity church
1961 Establishment of primary school
1965 Introduction of cash crop (coffee)
1970 Traffic road linked between the neighboring town and villages
1975 Independence of PNG
1983 Establishment of local health center



Purpose:

Reconstruction of demographic throughout 
the modernization period (1930s-1992)

Fertility, mortality, migration



Fertility pattern before modernization



＜Indigenous norms for reproductive behaviors＞
（from patrol reports in 1930s+interviews to the old）

1. Female should not stay with male during the 
menstruation period

2. Couple should avoid sexual intercourse for three years 
since delivery of baby

3. Couple should avoid sexual intercourse when they have 
plan to work in gardens on the next day

4. Burk of the specific tree, by ingested by males, will 
reduce the fertility of male

＜Biological factors that affected reproductive success＞
１．Heavy work loads
２．Poor diet





Methods of demographic data collection

1. Genealogical charts 
2. Estimation of year of events
3. Analysis by cohort/period



Targets:  All the villages in the Anjangmui dialect group



HH Ｂ

HH Ｃ

HH Ｊ

HH Ｆ

Wewak
Mg: 1985

B: 1935 B: 1932，D: 1989

B: 1953

B: 1957

M: 1983
B: 1960

B: 1964

B: 1985 B: 1989 B: 1993
D: 1995

B: 1996

M: 1971

M: 1980

Ad: 1997

Example: Genealogical charts of Household A

B: ?, D: 1965 B: ？，D: 1956

B: 1930

M: 1948

HH Z

1724 people
3454 events



Method for estimating year of events

1. Birth order of 1724 people
2. Estimation of year of birth 

e.g., When you celebrated the independence (1975), 
You had delivered the first born?  

3. Relative time order of events
e.g, Was Peter alive when John was born?

Every five years of well remembered events
→Accuracy of estimation <5 years



Birth order

John －－－－－－－１９７５
Peter
Caspal
Agnes
Felix
Amos
Johnatan
David
Masa
Mary －－－－－－－１９７８

・
・
・

N=1724

Death of Alphled



－ Fertility and mortality by period
1940-59： Initial stage of modernization
1960-79： After the establishment of church and school
1980-92：After the introduction of cash and dietary change

－Fertility by birth cohort of mothers
1920-39 birth cohort： delivered children before modernization
1940-59 birth cohort： delivered children after modernization (II)
1960-79 birth cohort : delivered children after modernization (II)

－Impact of rural-urban migration on fertility
1900s：All individuals inhabited the villages
1930-50s：contract labors to plantations
1960s：increase of rural-urban migrations

%migrants=ca 20% in 1992

<Analysis＞



Age pattern of fertility among the 1920-39 birth cohort mothers
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Fertility and mortality by period
Period Crude fertility Crude 

mortality
Endogamy 

rate
Population 

increase rate

1940-59 32/1000 23/1000 91% 0.85%

1960-79 42/1000 26/1000 92% 1.3%

1980-92 42/1000 26/1000 82% 1.9%

Fertility increased at the initial stage of modernization.  Mortality 
remained constant. Endogamy rate has decreased. 



Fertility pattern by birth cohort of mothers



近代化以前

近代化以後

Age pattern of fertility by birth cohorts of mothers
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1950～2000s： Modernization and change in fertility

1. Christianity church （1957-）
→ × indigenous norms for reproduction 

→ increased frequency of sexual intercourse, 
shortened duration of post-patum avoidance of intercourse

2.  Cash economy and dietary change (1965-)
Starch diet (sago and tubers)
→ introduction of rice, tin-fish and corned beef (rich in protein)

→Fecundity, age at menarche, infertility in the early 20s
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Characteristics of Urban life (vs rural)

1. Access to modern contraception methods
1. Protein-rich diet
2. Free from indigenous norms in urban area



Demographic Transition:

High mortality and high fertility
Low mortality and high fertility
Low mortality and low fertility

Population increase

-The initial stage of reproduction
→ high fertility to higher fertility
-modernization has potential to increase fertility



Q5. What was the population 
increase rate before modernization?



Jan 01:  Bipedal Locomotion

Dec 20: Homo Sapiens (out of Africa?) 
Dec 30 17:00 First visit to American continent
Dec 31 06:00 Domestication of plants/animals 
Dec 31 16:00 Colonization of Oceania/high altitude
Dec 31 17:00 Civilization (4000yBP)
Dec 31 23:00 Industrialization (500yBP)
Dec 31 23:40 Westernization (200yBP)
Dec 31 23:50 Urbanization (100yBP)

Our ancestral history



Population

Developed country

Developing country

Industrialization Modernization

0.02%/y

1-3%/y

Carrying capacity ?
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Population growth curve 
(observed)

Time

Po
pu

la
tio

n

Population 
growth curve
(potential)

Environmental Suppression

Figure. Population growth curve and carrying capacity
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Arsenic Problems in Bangladesh

WC
Well

Contaminated surface waterContaminated surface water

DiarrheaDiarrhea

WellWell

ArsenicArsenic

How can we evaluate the diarrhea 
prevention activities that lead to arsenic 
problems? 



Medical services that intended to reduce mortality 
will increase the population, which eventually cause 
the demographic problems (food shortage, infectious 
diseases, land conflicts).  

Target period of evaluation: 10 years
Target period of evaluation: 50 years
Target period of evaluation: 100 years

Results of evaluation may differ depending on:

What can we do as the specialists of IH?



Case study (2)：
Evolution and Change of Food 

Production System in Papua New 
Guinea Highlands



(Science, 301: 5630, pp. 189-193)



Basic subsistence strategies before modernization (ca. 1500 AC)

Wheat Cereals Rice Tubers



You must survive in a mountain.
What would you do?



You could produce sufficient amount of crops in 
the first year. But the productivity decreased year 
by year.  How do you cope with this?



Indigenous subsistence strategy
(e.g., rice cultivation)

Intensification/modification (e.g., new crops, 
inter-cropping, indigenous technology)
or Industrialization/modernization

(e.g., fertilizer, hybrid species, pesticide, irrigation)

Current subsistence strategy
(e.g., intensified rice cultivation)



Shifting 

Intensified cultivation of sweet 

Shifting cultivation + sago 

Current agricultural system in Papua New Guinea

An example of subsistence change in Papua New Guinea



Shifting cultivation in Sepik of New Guinea

Taro, yam, banana, beans, sugarcane, sweet potato, corn









Village Disturbed environment
secondary forest
sago palm

Matured forest

Gardens

－Secondary forest provides suitable environment for wild 
animals and edible plants 

－Secondary forest provides the space for pig rearing (female 
pigs under human control + wild male pig)

Shifting cultivation system





Fallow

1st year

1st year

2nd year

2nd year



A. Cultivation period (3 years) : fallow period (40 years)
→ gardens under cultivation：fallow ＝ 3 ha : 40 ha

= totally 43 ha for annual cultivation of 3 ha of gardens 

B. Cultivation period (5 years) : fallow period (10 years)
→ gardens under cultivation：fallow ＝ 3 ha : 6 ha

=totally 9 ha for annual cultivation of 3 ha of gardens

BA
Intensification



Shifting 

Intensified cultivation of sweet 

Shifting cultivation + sago 

Highlands under population pressure

An example of subsistence change in Papua New Guinea



Landsat TM, 1994, true color



Targets:  All the villages in the Anjangmui dialect group





10000 BP Domestication of Taro
7000 BP Domestication of Banana
1700 BP Intensification of Taro cultivation
300 BP Introduction of Sweet potato
50 BP Vaccination, medical services

Subsistence Change in Papua New Guinea Highlands

300 BP – 50 BP： Population growth rate 1%/year
50 BP – present ： Population growth rate >2%/year

Shifting cultivation

Permanent cultivation

QUESTION: P_300BP=100, P_current=?



The Huli people in Papua New Guinea Highlands

-Population has increased by 30 
times for the last 300 years
- No space for slush-and-burn 
agriculture
- No access to fertilizer

How the people could cope with 
the population increase??



Boserup’s theory of agricultural change
She argued that when population density is low enough to allow it, land tends to 
be used intermittently, with heavy reliance on fire to clear fields and fallowing 
to restore fertility (often called slash and burn farming). Numerous studies have 
shown such methods to be favourable in total workload and also efficiency 
(output versus input). In Boserup’s theory, it is only when rising population 
density curtails the use of fallowing (and therefore the use of fire) that fields are 
moved towards annual cultivation. Contending with insufficiently fallowed, less 
fertile plots, covered with grass or bushes rather than forest, mandates expanded 
efforts at fertilizing, field preparation, weed control, and irrigation. These 
changes often induce agricultural innovation but increase marginal labour cost 
to the farmer as well: the higher the rural population density, the more hours the 
farmer must work for the same amount of produce. Therefore workloads tend to 
rise while efficiency drops. This process of raising production at the cost of 
more work at lower efficiency is what Boserup describes as "agricultural 
intensification".  (Wikipedia, http://en.wikipedia.org/wiki/Ester_Boserup)

http://en.wikipedia.org/wiki/Population_density
http://en.wikipedia.org/wiki/Slash_and_burn
http://en.wikipedia.org/wiki/Fallow
http://en.wikipedia.org/w/index.php?title=Agricultural_intensification&action=edit
http://en.wikipedia.org/w/index.php?title=Agricultural_intensification&action=edit
http://en.wikipedia.org/w/index.php?title=Agricultural_intensification&action=edit


Labor time inside and outside the home (Minge-Klevana, 1980: CA, 21: 279-98.) 



Permanent cultivation of sweet potato in PNG Highland





B. Cultivation period (5 years) : fallow period (10 years)
→ gardens under cultivation：fallow ＝ 3 ha : 6 ha

=totally 9 ha for annual cultivation of 3 ha of gardens

C. Cultivation period (>100 years) : fallow (0 year)

= totally 3 ha for annual cultivation of 3 ha of gardens

B
Intensification

C



Intensification

Increase of land productivity
Shifting cultivation → Permanent cultivation

Problems

Nutrients removed by crops from soils should 
be compensated for sustainable production 

(e.g., fallow, chemical fertilizer)



How did the PNG people cope with this problem?



How did the PNG people cope with this problem?

Artificial control of natural vegetation of the landscape
by planting “good” trees
by leaving “good” trees
by weeding “bad” grasses
by leaving “good” grasses

The physical environment (ecosystem) has 
been modified, which enabled the sustainable 
production of food crops without using 
chemical fertilizer. 



Cultivation system of sweet potatoes

A.  Put grasses

B.  Cover the grasses with soil

C.  Plant sweet potato vines

D.  Ready to harvest after 5 months from planting

E.  First harvest for large tubers only

F. Final harvest after 1 year from planting;
Destroy the mound and remove all tubers. 









1 km











Plant “good” trees in the gardens



Juveniles of “good” trees

“Good” trees in the gardens



- Plant “good” trees in the gardens
e.g., Casuarina oligodon, Albizia falcataria,

Castanopsis acuminatissima, Ficus copiosa etc.

- Leave “good” trees in the gardens
e.g., Albizia falcataria, Castanopsis acuminatissima, Ficus sp.

- Maintain “good” grasses in thegardens
e.g., Ischaemum timorense, Histiopteris incisa, Nothofagus sp.

Effort to maintain the vegetation ideal for sweet potato production



Food production that utilized the 
function of ecosystem

Technological innovation of agriculture

Green revolution, hybrid species of maize or rice, 
Genetically modified crops, fertilizer, pesticides
FAO/IRRI

UNU PLEC projects (1998-2002)
UNESCO South-South cooperation



Case study (3)：
Dietary Adequacy among the 

Highlanders 

Can they survive with 10g/d of animal protein?



Land productivity has been increased.
What is the problems?

-Mono-cropping of sweet potatoes
-No wild animals
-Little wild edible plants
-Domesticated pigs for social exchange only

Nutritional deficiency
Health problem



Food consumption: direct measurement

50m

Raw

Edible portion

Cooked

Harvest
animal
gift

skin

consumed

abandoned



Nutritional Adequacy of Sweet potato diet

Consumption of sweet potato=2 kg/d per male adult
Consumption of animal protein <10 g/d per male adult

Protein Deficiency??



Food composition table



Food consumption in Heli and Wenani



Adaptation to lowAdaptation to low--protein dietprotein diet

Previous study suggested (Previous study suggested (KoishiKoishi, 199X):, 199X):
Increased utilization of ureaIncreased utilization of urea
Increased storage of N when overIncreased storage of N when over--consumedconsumed
Low level of minimum N excretionLow level of minimum N excretion
Different intestinal bacterial floraDifferent intestinal bacterial flora
Sweet potatoes that contained Sweet potatoes that contained ““goodgood”” quality of quality of 
protein  protein  









- Number of cultivars grown= 40
- Effort to maintain various cultivars in the gardens
- Rapid replacement of cultivars

e.g., cultivars grown 50 y before were completely  
different from the current cultivars

- Strong interest to the new cultivars

Sweet potatoes in the Tari basin



SP cultivars (N=7) in Tari
Where the people heavily depended on sweet 
potato for their daily diet,

SP cultivars (N=8) in Asaro
Where the people have various food items for 
their daily diet

Protein content × amino acid score

Amount × Quality



Protein content of SP in Tari and Asaro



Amino acid score: index of protein quality





Sweet potatoes in Tari contained more effective 
protein (×２） than those in Asaro

Unintended selection of nutritionally “suitable”
sweet potatoes in the Tari basin?

Implication to the “child nutrition” in protein-
deficient regions.



Longitudinal change in Tari basin

10000 BP Domestication of Taro
7000 BP Domestication of Banana
1700 BP Intensification of Taro cultivation
300 BP Introduction of Sweet potato, Population increase
50 BP Vaccination, medical services

1. Improved protein nutrition of sweet potatoes (>70% energy)
2. Indigenous technology to improve soil fertility or intervention 
to ecosystem so as to make it suitable for sweet potato 
cultivation
3. Sweet potato cultivation support 200/km2 without chemical 
fertilizer (in a sustainable way) 
4. Some signs of physiological adaptation to low-protein diet



What I do not know

What I do not understand What I understand

What I know

Implications of Tari studies



Intervention by foreigners 

-Primary health care
-Missions
-Introduction of organic fertilizer
-Food-aid (flour, cooking oil) 



Impact of population growth on food 
production was visible only when the people 
experienced climatic perturbation or “not-
normal” conditions

Case study (4)：
Reduced “elasticity” to 
climatic perturbation 



10000 BP Domestication of Taro
7000 BP Domestication of Banana
1700 BP Intensification of Taro cultivation
300 BP Introduction of Sweet potato
50 BP Vaccination, medical services

Subsistence Change in Papua New Guinea Highlands

300 BP – 50 BP： Population growth rate 1%/year
50 BP – present ： Population growth rate >2%/year

Shifting cultivation

Permanent cultivation

QUESTION: P_300BP=100, P_current=?
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Figure. Population growth curve and carrying capacity



Data



Remote

Center

Landsat TM, 1994, true color

A

B

C



World Bank project （1978）









Gardens under cultivation : gardens under fallow
= cultivation period : fallow period

To what extent the fallow period of Heli reduced?

A B





1994 July-August: long-lasted rain

Bad effect for the sweet potato

Productivity reduced to 60% of normal 
in October-November 1994



7    8    9   10   11   12    1    2    3 

Long 
rain

Lowered productivity

Heli lost the 
adaptability 
to climatic 
perturbation

Wenani 
maintained the 
adaptability to 
climatic 
perturbation





Food 
required for 
survival

Heli

WenaniUsual production level

Time (1950-2000)



ヘリ ウェナニ

平常時の
生産エネルギー

天候不順時の
生産エネルギー

平常時の生産エネルギー量

天候不順時の生産エネルギー量

ブタの
エネルギー
所要量

人間の
エネルギー
所要量

余剰生産





Elasticity to climatic perturbation:

Appropriate indicators for the evaluation of 
sustainability of the subject communities
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Figure. Population growth curve and carrying capacity

Many problems of international health 



Rural-urban migration
Health problems in urban areas
Vulnerable communities in urban areas

Case study (5)：
Consequences of Population 

growth in rural areas









Genealogical charts in rural communities

54 migrants in port Moresby



N=54













Large variation of income levels among households

Small variation of food consumption 

- Rich people are supposed to spend more money 
to maintain tie with rural people
- Rich people are supposed to feed more people 

Norms that stem from rural society: 











Table 2. Energy and nutritional intake per day per male adult of the Huli in rural and urban areas

Urban area (Port Moresby) Rural area (Tari)

Energy Protein Fat Crude fiber Energy Protein Fat Crude fiber

(kJ) (g) (g) (g) (kJ) (g) (g) (g)

tuber and sago starch 837 2.1 0.4 1.3 7141 18.2 3.7 11.3
cereals 3336 16.4 1.8 0.5 1076 4.7 0.5 0.2
leafy vegetable 224 3.9 0.2 2.0 308 7.5 0.3 4.4
other vegetable 144 0.8 0.5 0.6 146 1.3 0.1 0.7
bean 38 0.5 0.4 0.1 115 1.7 0.1 0.4
fruit 495 1.1 0.1 0.7 236 0.7 0.4 0.3
fish, meat, and egg 2325 38.6 44.0 0.0 590 11.1 10.2 0
oil 971 2.2 19.3 0.0 695 0.0 12.3 0
fastfood 270 2.9 2.9 0.1 0 0 0 0
confectionery 514 1.9 5.5 0.1 30 0.1 0.3 0.0
beverage 890 1.4 0.2 0.0 1 0.0 0.0 0
others 199 0.2 0.3 0.0 3 0.0 0.0 0.0

0
Total 10243 72.1 75.7 5.3 10341 45.4 27.8 17.2

Mean body weight for the rural subjects was 57.7 kg and that for the urban subjects was 72.6 kg.   



 Table 4. Height, weight and body mass index (BMI) for the Huli in rural and urban a

n Height (SD*) Weight (SD) BMI (SD)

Male Rural 110 157.5 (5.7) 59.4 (6.6) 23.9 (2.1)
Urban 101 161.8 (5.3) 65.5 (7.2) 25.0 (2.4)

Female Rural 58 147.5 (4.1) 50.0 (6.5) 22.9 (2.5)
Urban 39 151.5 (5.3) 62.1 (11.3) 27.1 (4.5)

Means of height, weight and BMI were smaller among the rural people
than among the urban people in males and females with a statistical
significance of P<0.001.  The statistical method used was the t-test, or
Welch's test in case of inequal variation.
* SD: standard deviation.



Soft drinks

<2.5 bottles 2.5 bottles≦ P

n 49 50

BODY PHYSIQUE
Body mass index (kg/m2) 26.3±0.6 27.4±0.6 0.04

%fat 21.5±0.9 23.6±0.9 0.02

Sum of skinfold thicknesses (mm) 28.6±2.0 32.5±1.9 0.04

BLOOD PRESSURE
Systolic BP (mmHg) 113.9±2.3 116.9±2.2 0.16

Diastolic BP (mmHg) 68.2±1.8 72.1±1.7 0.02

SERUM LIPIDS
Total cholesterol (mg/dl) 183.4±8.4 207.7±8.0 <0.01

HDL cholesterol (mg/dl) 36.6±1.6 36.9±1.5 0.83

Table 6. LSMEANS and standard error of body physics, blood pressure, and
serum lipids by softdrink consumption (age, sex, marital status, and occupation









Rural

Urban

Nutrition
Reproduction
Labor
Culture
Environment

Human Ecology= holistic approach =human nature

Nutrition
Reproduction
Labor
Culture
Economics



2. Fundamental Questions

1. International aid is really justifiable?
2. Human or Homo sapience?
3. Birth is good and death is bad?



"Ethnocentrism"

International aid is to help the people who 
have insufficient understanding or ability to 
cope with their problem.  Bad habits (eating 
raw pork, too much drinking liquor) will 
cause health problems to the people, so they 
should be stopped.   



"Cultural relativism"

Each society has its own culture and 
adaptation system.  Even the habits that seems 
inappropriate for the external people have 
their own logic in each society.  
We should understand the uniqueness of 
culture and avoid intervention from outside.  



Each society has its own culture.  Even the 
habits that seems inappropriate for the 
external people have their own logic in each 
society.  

However, ignorance of such problems will 
contribute to the maintenance of current 
economic inequality in the world.  

We need objective or scientific understanding 
of the problems in the context of each society.    


	Adaptation to low-protein diet

