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NEWS AND VIEWS 

If some continuously erupting, small
volume systems have short residence 
times, while other intermittent, large
volume systems are long-lived but con
tinuously fed, this suggests that factors 
other than magma supply control erup
tions. However, the inference that at 
Unzen recharge rates do control erup
tion size, and the existence of well-

documented examples where supply of 
fresh magma demonstrably caused 
eruptionlO implies that if there is a 
general pattern to be discovered, it will 
not be a simple one. D 
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CAN the ecosystem concept be usefully 
applied in situations where human ac
tivity is dominant? It certainly can, as 
shown by studies of energy flow and 
nutrient cycling ranging in scale from 
the mowing of lawns to the energetic 
balance of the entire Earth. But in the 
Journal of Applied Ecology (30, 86-94; 
1993) J. Y. Guo and A. D. Bradshaw 
now describe an unusually de-
tailed and economically valuable 
application of the approach to a 
farming system in China, in which 
the interactions are complex and 
the management options are 
consequently varied. 

The study of agricultural sys
tems in ecosystem terms is usually 
limited in value because of the 
relative simplicity of the energy 
and nutrient flow patterns when 
compared with more natural habi
tats. This simplicity is, of course, 
in many respects the precise 

except that summer (wet season) rice 
crops were once combined in the same 
fields with winter (dry season) legumes, 
whereas the winter crop is now wheat. 
Artificial fertilizer application, asso
ciated with higher yielding wheat, is also 
now a feature of the system and is 
required to cope with the growth in 
population. Of the land area in the 

Gone fishing (for bigger yields) in Jiangsu province. object of their management, 
because energy and nutrients are 
thereby channelled as directly as possible 
into human consumption with few side
chains and reduction in the losses in
volved in transferring energy between 
trophic levels. But such ecosystems are 
often open, in that they require heavy 
inputs of nutrients and energy to main
tain populations and productivity of a 
few selected species of plants and ani
mals. Self-sustaining agriculture must 
move towards greater internal recycling, 
which means more nutrient and energy 
flow routes and more complex interac
tions within the system. In this respect, 
the ancient farming systems of some 
areas of China are of especial interest 
as they have a high degree of self-sus
tainability and yet are able to support 
high densities of human population. 

The site studied by Guo and Bradshaw 
is a village in Jiangsu province, having 
an area of 155 hectares (ha) and a 
population of 2,353 inhabitants which 
has increased by about 0.25% a year 
over the past 40 years. This farming 
system has proved self-sustainable for 
the past 2,000 years and has altered little 
788 

village, about 45% consists of fields used 
for cropping, 21 % of fishponds, and 8% 
of water channels, the remaining 26% 
being occupied by housing, roads and 
marginal areas. Over 1,500 pigs are also 
raised annually, of which more than half 
are exported from the village. 

Guo and Bradshaw carried out analy
ses of the nutrient (N, P and K) and 
energy flow patterns within the village 
and have conducted a variety of experi
ments to see how these patterns can be 
modified to result in a greater retention 
of nutrients and a more efficient return 
of energy to the human population. 
Several improvements were tested ex
perimentally, such as the harvesting of 
grasses from the banks of the fish ponds 
and feeding them to herbivorous fish. In 
addition, fish ponds were deepened to 
find out if light penetration was adequ
ate to allow phytoplankton productivity 
to be increased. In deepening the ponds 
from the traditional 0.5 m to 2.5 m, 
phytoplankton production occurred to 
depths of 1.6 m and annual production 
figures of 8.4 tonnes ha-1 were achieved, 

which is greater than the grain yield of 
rice for the same period. The combina
tion of these two modifications to the 
system resulted in increases in fish yields 
from 2.6 tonnes ha-1 yr-1 to 12.26 tonnes 
ha-1 yr-1, an increase of 370%. About 
one-third of the energy intake of the fish 
was derived from phytoplankton, so 
both of the management practices contri
buted to the boost in fish productivity. 

The unproductive channels could also 
be planted with aquatic vegetation and 
the crop fed to the pigs. A controlled 
experiment using the normal commercial 
pig feed and a mixture containing her
bage from an alien aquatic plant, lusticia 
americana, common in the area, resulted 
in no significant change in pig growth 
rate. But it did result in a 20% saving on 
commercial pig feed and also served to 
recover much of the lost nutrients in the 
ditches and to reduce eutrophication 
problems downstream. More than 300 kg 
N, 80 kg P and 560 kg K were recovered 
per hectare per year by this method and 
most of this passed through the pigs 

and was used as fertilizer for the 
cropped fields. 

The enhancement of internal 
recycling of nutrients via the pigs, 
as well as use of mud derived 
from the pond excavations and 
waste from animal consumption 
(fish and pig bones) as fertilizer 
additives, allowed the grain yields 
to be maintained while at the 
same time reducing the demand 
for external fertilizers by about 
25%. Against that, the process of 
recovering and spreading such 
wastes is labour intensive. 

Overall, the modifications to 
the management of the system 

resulted in an increase of about 25% of 
the total agricultural output, with a 
change in emphasis towards fish produc
tion and export (which makes economic 
sense because of the high value of fish in 
the marketplace). Use of marginal areas 
for grass production and channels for 
lusticia culture effectively enlarged the 
land base for the population, thus reduc
ing population density from 34 to 19 
persons per hectare of agricultural land. 
More important, it left the people better 
fed. These developments could provide a 
breathing space in which the pressure on 
resources is reduced, but in the long 
term the system can be sustainable only 
under conditions of stable population. 
The ecosystem approach can provide a 
means of quantifying processes and pre
dicting consequences even in such an 
inscrutable ecosystem as the Chinese 
village, but in the end there is a limit to 
the food that it can supply. D 
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