
Long-term Change of Adaptation

FY2006 Human Ecology (I), June 16

UMEZAKI, Masahiro



Carrying Capacity

Population growth curve 
(observed)

Time

Po
pu

la
tio

n

Population 
growth curve
(potential)

Environmental Suppression

Figure. Population growth curve and carrying capacity



Many children
Long life
No disease

Net reproduction rate (NRR)
= average number of daughters who survived to marry per mother
= 2
Annual population increase rate (r) 
= NRR^(1/y) – 1, y=time length between two generations
=2^(1/25)-1=0.028=2.8%

Net reproduction rate (NRR)
= 1.1
Annual population increase rate (r) 
= NRR^(1/y) – 1 = 1.1^(1/25)-1=0.0038=0.38%

Many children
Short life
Disease burden

Net reproduction rate (NRR)
= 1.1
Annual population increase rate (r) 
= NRR^(1/y) – 1 = 1.1^(1/25)-1=0.0038=0.38%

Few children
Long life
No disease

Net reproduction rate (NRR)
= 1.0
Annual population increase rate (r) 
= NRR^(1/y) – 1 = 1.0^(1/25)-1=0.0038=0%

Very Few children
Long life
No disease



Fertility – Mortality = Population increase rate 
5%             5%       =  0%
5%             2%       =  3%
3%             2%       =  1%
2%             2%       =  0% 

Population
growth rate

Initial
population

100 years 1000 years 10,000 years
100,000
years

1,000,000
years

%, annual

0.01 100 101 111 272 2201546 2.7×10
45

0.1 100 111 272 2191668 2.6×10
45

0.5 100 165 14658 4.6×10
２３

4.0×10
218

1 100 270 2095916 1.6×10
45

2 100 724 40 billion 1.0×10
88
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Study of food production system

People

Sweet potato

Pigs



焼畑農耕

常畑サツマイモ農耕

焼畑農耕＋サゴ澱粉採取

生業の地理的分布



Past migration of Homo Sapiens



(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 cultivation

Intensified cultivation of sweet potato

Shifting cultivation + sago exploitation

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



The Huli people in Papua New Guinea Highlands

Sweet potato cultivation and pig rearing
High population density
Less opportunity of cash-earning
Rural-urban and urban-rural migration since 1970s

Protein deficiency?
Food shortage?

Rural Urban

Separation of a population



10000 BP Domestication of Taro
7000 BP Domestication of Banana
1700 BP Intensification of Taro cultivation
300 BP Introduction of Sweet potato
50 BP 予防接種，医療サービス

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=?



Heli

Wenani

0
5 km

Tari airstrip
and town

142゜50´ 143゜00´

5゜50´Kikida

Shifting cultivation

Wet

過去２５０年間で人口が６４倍に増加したことへの対応

Permanent cultivation

Dry



パプアニューギニア高地の集約的サツマイモ栽培





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?

Answer: 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 has been modified, which enabled 
the sustainable production of food crops without using 
chemical fertilizer. 



Drainage



1 km





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. 





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



QUESTIONS?QUESTIONS?
COMMENTS?COMMENTS?



Land productivity has been increased.
What is the problems?

-Mono-cropping of sweet potatoes
-No wild animals
-Little wild edible plants

Reduced “elasticity” to climatic perturbation 

Nutritional deficiency
Health problem



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 consumption: direct measurement

50m

Raw

Edible portion

Cooked

Harvest
animal
gift

skin

consumed

abandoned







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.



Reduced “elasticity” to climatic perturbation 

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



10000 BP Domestication of Taro
7000 BP Domestication of Banana
1700 BP Intensification of Taro cultivation
300 BP Introduction of Sweet potato
50 BP 予防接種，医療サービス

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

To what extent the fallow period of Heli reduced?





1 km







1994 July-August: long-lasted rain

Bad effect for the sweet potato 
that were just planted

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)
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Figure. Population growth curve and carrying capacity

Many problems of international health 



Ecological setting of Heli and Wenani:

How different?
Why?
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Figure. Population growth curve and carrying capacity

Many problems of international health 



Elasticity to climatic perturbation:

Appropriate indicators for the evaluation of 
sustainability of the subject communities



Population growth in rural areas

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

