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Volume Four

IT. 4. Staebility and proteétion of ecoaystems -

II. 4.4. Economic, social and hygienic influences

Human populations are componenta of ecosystems, Man is
exploiting ecosystems and is changing them in a deaired but
very often also in an undesired, unfavourable mammer for
purposes which are called development. So human populations
like all other living beings are governed by the ecologicel
end bioclogical laws of nature but men as 8 800lal being is
also depending on sodio-economic and psychologicel aspeota.
In men'g relations to his environment four main aspncts can
be diatinguished:

- the flows of emergy, mutrients and water

- the movements of pollutanta and other toxio asentn and.
_the appearance of undeasired side effects like radintion, :
wasbte, heat, noise etc.

the transfer of diaeaae—producins agents

a communication and peroept‘ual relationship :Llwolvins
response to a variety of envirommental stimli”

The understanding of man's interrelationship with his envi.
romment requires first of all an accurate oharuterintion
of the eassential structursl and functlonal properties of
human populations end an snalysis of the processes within
them and caused by them. The main characteristics of a
population, according to WEINER, 1974, are: '

-4, Population size, population composition, population
dynsmics and demogrephic constitution :

2, Nutritional status of the population

3. Developmental and anthropometric status

4, Physiological fitness and functlonsl srﬁoienoy

5. Medical and hygienic status

6. Psycho-socisl status

7. Genetic constitution



‘E[!he dynemica of the human community within tropical eco-
systems and the gystem formed by it are illustrated in
figure II, 41 in a simplified manner.
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!ho key slement in this system ig the pressure within the
buman conponant, that nenna the human population itself and
its permenent increese. Ho +the human population probleam has
to be congidered as the moet important and most serious of
all the problems confronting man.

It begins as & blological problem, but gquickly becomes
connected with economic questions, soclal lssues and moral
apd religious aspects. '

Buman population growth and its pressure on the environment
give rise to certein hagards, the most important of which
are: _

- food shoitage

- environmental degredation and pollution

- shortage in resources

- payohological stress

The world population

Bvelutlon of men was a long process of millions of yaears
‘which set man us a biotis being spsrt from the spimals. About
'3 or 4 million years ago, in the savanna-regions Mo_—_
pithecus emerged, a tool-using pre-man whose population
sumbered perhaps 100,000 - 200,000 individuals,

Man's evolution was accompsnied by a cultural evolution which
led about 200,000 years ago to the appearance of modern man,
Huno sepiens. Cultural edvances caused a slight decline in
the average death’ rate resulting et the end of" the 0ld Btona
Age (20. - 10,000 Bs C.) in s human population of 2= 3
million with an annual 1ncreaae rate of about 0.002 per cent,

Betweéen 9,000 - 7,000 B. O, an agricultural revolution begen,
allowing man to shift from gathering and hunting to :Eami.ng
which made him more independent from nature.

Life expectancy increased and larger settlements were estab-
lighed which again led to a population growth with a rate of



inorsage of about 0.012 per cent per year which brought the
world population to about 200 million in the yser ons. With
sdvancing humsn civilizetion the industrial-goientific
revolution began between 1650 ~ 1750 _':éesulting in a pop-
“ulation of 500 - 800 million; slthough this rise in pop-
ulation was quite irregular. Due to an increased standard of
living the rate of increase was about 0.3 per cent between
1650 and 1750, reaching 0.5 per cent between 1750 and 1850
and 0.8 per cent after 1850; mainly dué to the fact that the
death rate continued to decline, -

Later on the growth rate of population reached values of 1 -
2 per cent resulting in a geometric. growth pattern of human
population ~ a unique exception in the biclogicel world
where the normal growth pattern is a logistic one,

Due to limited resources and apé.ce, the geometric growth can~
not continue for a very long time because world population
is doubling now in less than 35 years.

Terefores the conbtrol of human population growth and the sta-
bilization of the population are the most pressing needs,

‘In the second half of the nineteenth century the so-called
"demographic tranasition” started In the industrialized
countries, characterized by the decline of birth rates, and
regsulting in a gtabilization of the population growth on a
low level. Thus, two prineipal demogrephic trends in the in-
dustrialized world could be distinguwished. The first was a
decline in death rates and the second was a decline in the
birth rete following indugtrialization,

In the developing countries, thé first mentlioned trend is
gtill the dominating pattern of population growth which
soared drastically after the end of World War II.

(Plgure II, 4-2)
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¥hat determines the death and birth rates in human populatbions?

¥odern medlcine and public health are very often considered
to be the important factors but they seem to be only one
factor of a complex process as can bhe ameen from the Sri Lanka
example where the drop of death rates from 1944 to 1954 was
explained by malaria control operstions in some areas. But
similar drops in death rates ocoured in non-malsria sreas of
8ri Lenka too, where DDT was not used,

80 the genqral economic progress in a society including im-
proved nutrition, housing, sanitation, publie heslth measures;
medical care snd education acting in a complex menner are the
reasons for the drop of death rates,.

¥hy does the birth rate fall?

In ancient times the birth rate was always high and the re-
productive potential of man had been used completely. Ten end
more children was the normsl family slze and due o the en-
vironmental resistance 8 to 10 births per woman had been ne-
caessary to ensure the survival of the species man and the
survivel of the family. T )

The population growth was regulated By some limiting environ-
mental factors. Todey "industrial man" is more or less freed
from guch limits, and the population increases so¢ that other
mechanisms ¢f regulation are necessary. Though some undevelop-
ed primitive tribes have developed mechanisms of self-gtabili-
zation, gpontaneous stabilization did not oceur in modern
societies. But now, 1n developed countries with an increesing
standard of living birth rates drop. There are mainly social
and psychological factors which dominate this process, and
relations between limited family size and standard of living,
prosperity, costs for education, available recreation time
and other factors are of essential importance so that many
children will be a financial burden to the parents. In other
regions with developing countries reguiations by society' are



necessary to achieve demographic transition and to stabilise
population growth, Pemily planning and birth control are the
mein strategies to realise this concept. Peoples have to be
motivated to keep family size in the limits required for de-
nmographic transition, because due to poor sconcmic conditions
in these regions a large number of children is vital for the.
er_‘.stenoe and survival of all members of the family. Children
contributed to the labour force of the family and they were -
the only source of old age securlity.

It is only econcmio development whiach could mitigate thils
situation, and which will allow families to reduce the nusbeir
of children.



Distribution patterns of human populations

World population cannot be snalyzed as one unit, 8o that
separate subpopulations have to be analyzed according to

their increase rate and density (Table IT, 4—1).

Total population

Annusl growth rate

(nillions) (per cent)

1970 1985 2000 . 1980 - 85 1995 - 200
World 3632 4933 6494 2,0 1,7
Developed regions 1090 1275 4454 1e1 0.8
Developing regions 2542 3658 5040 2.4 2.0
Bouthern Asis 1126 14693 2354 2.6 2.0
Africa 34 530 818 3,0 2.8
Iatin America . _ 283 435 652 2.8 2,6

Table II. 4=-1: Distribution of the world population and
annusel growth rates in the varlous reglons
(Ae C. LEE, 1972) '

If people were dlstributed evenly throughout the roi-ld; the

density would be little over 19 inhabitanta per km®

bat due

to different ecological conditions danaiiry—distribution is
vory hoterogeneous (Table II. 4=2)

Country

Brazil
Tnited Kingdom

Jepan
Puerto Rico

Belglum
Indonegia

Table II. 4-2: Population densities of selected countries

Density / ]mal

12
222
222
250
285
420
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In the hunting and food-gathering period of human evolution
about 5.2 km° of fertile land was required to support one
individuel, and 50 2 of hunting area for one family. Now,
agriculture and' technology permit much greater human populat-
ion densities and the development of permanent human settle—
ments with all the well-inown negative consequences to the
environments

The establishment of citles provided the basis for some of
the world's oldest civillzations but only with the rapid
growth of cities after the industrisl revolution urbanization
became the dominating demographic trend with a steadily in~
creasing migration of psople from rural to urban areas in
search of a better life. The urbanization process in the -
developing countries is more rapid than it used to be in in-
dustrialized countries; though the hopee for better life are
ravely fulfilled. If the urbanization trend continnes at the
same rate up to the year 2020, nearly everyons would then
live in urban areas and about 50 per cemnt of the world pop-
ulation would dwell 1n cities of over one million inhabitants,
Infrastructure, town plamning, housing programmes, health and
hyglenic conditions face presaing problems. The consequences
of the artificlal envirvonment in urban reg:l.ona on human
evolution cannot be assessed yete.

Ecological consequences of urbanlzation on the rural hinter-
dand

The food supply of a city of 100,000 in humid Asia requires
an area of 750 hna. A city of the Same gige in arid Africa
needs a hinterland area of about 2,850 kma The energy de-—
‘mand in fuel wood equivalents is 1.76 for urban dwellers in
comparison to 1.0 for rural people. In the vicinity of large
cities the desertification process is very much accelerated
due to deforestation. The impact of urban pedple on forests
by clear~cutting to satisfy thelr wood-based anergy demand
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is 9 times that of rural people. So, in the purroundings of

Ehartoun, there is an anmial c¢lear-cutting for fuel wood of

3,300‘kn_2. Eighty per cent of wood are used to satiafy urban
demands (WHITNEY, J. B. R., 1981).

Demand for food is depending on simllar factors, as teble
II. 4-3 showe. .

. Tgble II. 4~3: Per capita consumption of selected foodstuff
in kg by rurasl and urban dwellers in Sudan
(VHITNEY, 1981)

 Urban Rural

Sorghim 144 111
Millet 6 49
Wheat 9 6
Motton 13 5
Beef 16 8
Butter - 3 0u75

In cities meat demand is two times higher than in rural re-
gions. Bach urben dweller needs more sgricultural products
for his support than a rural inhabitant, therefore additional
production has to be achieved enteiling serlous envirommental
consequences,

Woodland clearing for cultivation is increasing, more and
less suitable graasland comes under graging pressure and
herds heve to migrate over greater distances to satisfy their
demand, All these factors have a deteriorating effect on the
rural hinterland. Price and market problems heve to be con-
sidered as well. The increasing water demsnd whioh for urbsn -
dwellers 1s at least 20 to 100 times higher can eause many
problems too (overexploitation of water resources, in-
appropriate waste water disposal eto. ).
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Inereasing food and energy demands and some ecological,
gocial and econamic comsequences

Dug to the. increasing population with an averege growth rate ’
of 2.0 - 2.5 per cent in devdeping countries an increase of
-at least 4 per cent in food production is required to fulfil
the growing demands, and the same accounts also for energy -
supply (8ee Pigure II. 4-3). In most developing countries
the production of these commodities is mainly a "soil-based"
Process in which producing ecosystems are involved. As dis-
oussed later it is not the extension of arable land which
~ can be used &s the main strategy to fulfil the demands, it
is a great improvement in the éfficlency and productivity of
agriculture in meost of the tropical developing countries
which 1s necessary to provide their indreasing population
with sdequate food, employment snd a better stenderd of liv-
ing.

Nearly 70 per cent of the people of these countries current-
ly depand for a living on ag::icultu:ce which, with few ex-
ceptiona, accotmts, on an average, for almost one-third to:
two thirds of the gross domestlic product and for sven more
than half the total velue of exports. Hence, agricultural
development is not only needed to produce more food for
domeatic consumption and . raw materials for local manufact-
ure but also to provide exports +o earn foreign exchange for
the purchase of resources which must be imported for in-
dustriel development, S0 for most tropleal deweloping
countries agriculture in combination with forestry can be
considered to be the "back-bone" of national economy.

Current agricalture is influenced by soclal, economic and
political circumstences, as well as by the environmental,
ecological and technical factors, and some of them should
be briefly discussed here,
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Soecinl structures and customs

In most parts of the tropics farming is mainly undertaken by
smallholders who practice it with traditional methods and’
low productivity mainly for subsistence. This kind of farm—
ing fomerly was en ilatrinsic part of culture and tradition
of the people;

Religious beliefs slso can have sn obvious influsnce as can
be seen from the cattle sacred to Hindus which cannot be
killed so that they exert a profound infiunerce on agricul-
ture in India where much of the land is burdened with in-
productive cattle.

Other customs m\ay alao have an important offect on the land
use patterns. Some African pastoral tribes keep ‘a8 meny sni-
male as pessible only as a matter of presiige and they
completely disregard the carrying capaclty of the lend and
the guality of the stock.. This commonly results in over—
stocking with severe e.dnaequenoea of omimmAntQ deter—
doration. Also, the influence of group or tribal life with
traditional strictly cultivation pattern affected agricul-
ture very much, and considerables efforts are necessary to
persuade people to change their traditionsl attitudes like
shifting cultivation, extensive pastoralism etc. with their
undesired side effects on the environment,

Land tenure snd inheritance

Tand temure systems assoclated with customs regarding in-
heritance have an important bearing on the way of agri~
cultural d.evelopmént. Communal tenure is the most common
system but often individuals have user rights in cultivet-
ed land, usvally including that lying fallow. Generally
this custom places difficulties to the improvement of land
use, particularly if soil fertility is concerned, sand tree
growing may be affected too. Forma of individual tenure as
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£reehold, leasehold end various kinds of feudal tenure
chsracterized by wasteful land use slse may have some dis-
advantages but the mein problems result from unsatiafictory
landlord-tenant relatiomships. Wasteful exploltation of the
available land will deminate over the careful maintensance
of ecosystem productivity because sometimes one third to a
half of the crop has to be used to pay the rent for the
land. Given unfavourable conditioms, farmers bscome contin~
uously indebted to their landlords, and this prevents in-
vepgtments for the improvement af the land (WEBSTER smd
‘WILSON, 1980). ' '

Pragmentation of the land ls very common snd mekes it
aifficult to use all the disiributed plots sfficiently and
to care for so0il fertility and soil conservabion.

All these factors place obstacles on the improvement of
agricultural produectivity, accelerate environmentsl dseterios—
tion, and give rise to social problems. Changes in such a way
-t0 form cooperations or to grow perenniasl cash crops sre
first attempts %o overcome the disadvantages but the first
need for governments is to carry out & land tenure reform

and to deal with fragmentation by redistribution of lend

and congolidation of holdings. ’

Population pressure

PoPulation pressure has already caysed a decline in the
productivity of much of the land farmed by lndigenous
methods.

In Africa, traditionsl shifting cultivation was formerly
eapable of providing indefinitely for the subsistence of a

- gparse population, In many places, however, increased pop—
 ulation pressure has rendered restorstive fallows impractic-
able, or too short to be effective, with the reswlt that
goil fertility en crop ylelde have greatly declined snd the
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land is no longer capable of adequately supporting the people,.
Similerly, in pastoral areas the growing human and stock
numbers have commonly accentuated the 111 effects of. poor
farming, with following disastrous erosion and pasture de-
terioration. This happened mainly in Afrdica, not in Asis,
where more intemsive farming systems have baen evolved,
capable of paintaining goil fertility at lesat at a moderste -
level and of sustaining the people but only on a low standard
of living. ‘

Increasing pepulation dansit;y leads to a decrease in fam

gize and thus to under-employment eand lower productivity. To

- meet increasing demends requires larger famms with higher
productivity, for that reason some people have to leave the
land. This again requires alternative employment for those who
leave the land, but this cannot be easily provided.

-

Ferm equipment and requisites which are essential precondit-
ions to increase productivity are commonly limited in num-
bers and primitive in nature, Modern equipment and techno-
“logies are compulsory for the improvement of productivity
but due to the large increases in their costs most farmers,
owing to their poor economic conditions, are not able to buy
enough of them vnless govermment support and finance is pi*o—
vided. In addition the whole strategy requires much support
from the governmment regaxding legislation, adminigtration
and finence public -utilities and services. This inciudes the
complete land use planning, infrastructure, marketing and
export system, gtorage end processing faeoilities, research,
training and education and much more developmental agpects
(Bee also Chapter III and VII).

Energy problems

Though not more than 8 to 10 per cent of the 'world oil pro-~
duction is consumed in -developing countries to meet their
energy demands these countries have to spent more then 50‘ .
per cent of their export gains to pay for the oil. Current-
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1y fossil fuel is the main emergy source but most tropical
developing countries d.ispose of thage substances only in
vory limited smounts.

Tharefore the growing emergy demand has to be met by other
sources, for instance mainly using renewable resources in
form of biomasgs which is grown or produced in different
ocosystems. In addition to fuel wood crop snd plant residues
could be tsed, and energy-crops like gugar cane, cassava,
fast growing trees etc. can be directly converted inbe ener-
gy in form of alcohol. Production of biogss from egri-
cultural and humen wastes is also one of the avallable
strategles. In tropical developing countries more then
2,000 miliion people are depending on wood, dung and agrie
cultural reaidues as energy source, accounting for 4 = 5 per
cent of the world's totel energy comsumption only-(FOLEY,
1981). Wood directly used or indirectly in form of charcosl
plays the most important role in an ecological sense bedauae
its utilization results in deforestetion with all environ—
mental consequencess

Gurrently nserly 100 million rural pecple suffer from acute
fuel wood scarcity, and more than 800 million use thelr
fuel wood more quickly than it 1s being replenisherl; By the
turn of the century this last figure is expected to rise to
2,225 million. In developing countries fuel wood accounte
for about 20 per cent of total energy needs,

and 80 per cent of it is used for cooking and heating in
households. About 25 - 30 per cent of the family bhudget is
required to purchase fuel wood, and more than 10 hours per
household and week is the average collection tima, Thias
illustrates the pressure exerted on human populstions by
the fuel wood demaﬁd. Concerning total consumption of wood
the share of fuel wood is about 60 per cent in Africs, 9‘3
per cent in rural regions of Indie and 20 per cent in
Latin America. '

The influences on the forests and on the environment can
sasily be recognized from the Kenyan exsmple. This country
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uses more than 30 miilion m3 of wood annually; .and the forest
area is declining permenently, exposing the land to erosion
and desertification.

The whole ecological comnexion of fuel wood demand - defor-
estation - soil impoverishment — climate affection - food
shortage illustrates clearly the envirommental conseguences
which may be caused by humen activities only to meet their
basic needa, if totel annual consumption of more than

1,000 million cubicmetres of wood has to be congidered In
developing countries.

It has beean calculated that in 1994 a deficit of more than
650 million m3, of fuel wood has to be sxpected worldwide due
to overexploitaltion and increasing demands, and by the yea.i:'
2020 nearly all of the accessible forests will have been cut.
The deficit of 650 millicon n’ of wood can be conpensated by
the use of dung and crop reaidues for fuel purposes which
then, however, will be missing for the maintenance of soil
fertility with all its adverse consequences. '

Another alternative is the cultivation of energy crops and
‘the establishment of energy plantetions (fast growing tree
species) but this wlll cause confliots to sgriculture for
food, Decision mekeras so have to consider carefully the

. ecological and econcmic constraints of this food-feed-fuel
conflict. ’

Pood and nutrition

Except for the present shortege of food man is able to over-
come all other limiting factors in his development. Adeguate
food production is ons of the most impdrtant problems which
man is facing now,

What mesns an adequate food supply?

The simplest way to d.eaoribé and oonpar‘o diets is to measare
the energy they provide per day.
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Adccording to FAO-standards a world average of 9,850 kJ
(= 2,345 kcal) per capita per day is required, 5,880 %o
6,720 kJ per day are required for the malntenance of the
bagal metebolism, Hard physical labour requires 14,700 to
21,000 kJ per day. Por & short limited time survival is
poesible with 2,940 to 3,360 kJ.

FAQ estimated that an average of 10,160 kJ (2,420 calories)
per capita por day in food was available worldwide at the
market in the mid-19608. However, differences in the
distribution of food between and within countries must be
taken inte account. The gap between nseded calories and '
available calories is increasing.

In developed countries, diets conmtain about 12,600 kJ per
day; the figure for developing countries ranges from 7,560
to 8,400 smd more, provided that people can afford adequate
nut}_.‘:lt_ion. 7

Although world production in calories is sufficient to meet
all demands, a high percentage of world population is suffer-
ing from inedequate energy supply. More than one thousand
million people csmmnot get the minimum of food they require,
oven pecple in developed countries and particularly the
rural population of developing countries.

Energy demand and input alone is not emough to assess the .
value of a diet. Another way Yo measure the diet is the
protein inteke and here the situatlon is still worse than
in case of ensergy. Acocording to FAQ recommendations the -
daily protein requirements are in a range of 0.8 to 1.0 g
per kg body weight, More than 500 million people do not get
this daily amount. This leads to different forms end degrees
of galnntrition 1ike Ewashiorkor and Narsewuss Child and
infant mortality is 40 ~ 50 timese highar than in cage of
adequabte protein supply.

More than 30 to 40 uulion people die a.nnunlly from stu\-
vltion or lalmtrition.



Other deficiency diseases shall only be wmentioned here, like
seurvy, beriberi, pellagra etec.

. 80, protein deficiency is the moat serious problem in human
mptrition,

World population consumes sbout BS5 million tons of protein
aemnually; two thirds of 1t comling from plants, mostly cereals
and legumes. Animal protein whiech accounts for only one third
of the consumption is better digestible than plant protein
and its content in sssentiel emino~acids is higher. 8¢ the
sffective transfomation of primary plant biomase into
secondsry animal biomess is an importsnt aim in developing
food atntegiea. Besides this, emphasi® should be put on in-
creased ylelds of high—prote.’m ‘CYODps. :

In 1980, a deficiency of 10 million tons of animal protein
wis calculated, and in 2000 an annuel deficiency of 22 n:l.ll:l.on
tons of animal proteln will be expected.

The total primary production of the bicsphere (including
water areas) amounts to some 42 * 1077 kJ ernually, In 1970
men harvested about 22,26 * 10717 kI of food, that is about
0.5 per cent of the gross primary production; or 1 per cent
of the NEPP, 99 per cent of the food energy came from land
areas. If en anmual demend of 4,2 million kJ per capita

(= 11,760 kI daily) is considered, then the above mentioned
harvest is sufficient to feed more tham 4 billion pesople
adequately, using onily 0.5 per cent of the gross primery
produotion.

8o it seems that man 1s not yet meking full use of the pho~-
tosynthetic capacity of the earth.

However, the possibilities to feed mamn should not be ovez\-'.
estimated, and some of the limiting factors should be brief-
ly discussed here. . :

i total of 43.6 per cent of the gross primary production are
produced by oceans, and presently only food from marine
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animals can be conveniently harvested while only limited
arens can support intensive fisheries.

Domestic animals are utilizing about 12 per cent of the net
primary produc¢tion of the land area, but the efficiency of
energy transfer is in the range of 10 per cent only; that
“means that a tenfold number of pecple can be supported from
a given area by plant food in comparison to feeding animals
first and then eating the meat, However, due to the high
nutritional value of meat man is interested to transfer a
certain amount of plant energy intd animal bicmassg. So in
some countries 50 to 0 per cent of the agriculﬁu-al pro~
duction is used to feed animals,

About 12 per cent of the land ares most suitable for agri-
culture is already under cultivation. Amother 12 per cent is
arable,' but to bring it under cultivation would require much
more funds than the intensification of egriculture on good
landg (See Table TI. 4=4)¢

Table II. =i
Porms of land use on the total lend surfece (FEBYE, 1978)

Total: 14.9 thousand million hactares of lend surface
1.4 thousand million hectares arable land under plough
2.6 thousand million hectares pastures and grassland
4,0 thougand million hectares forests '
0.4 thousand million hectares unused (barren)
33 thousand million hectares deserts and semidaserts
1.3 thousand million hectares Anterctis
0.5 thousand million hectares tundra
0.2 thousand million hectares ice-covered
1.2 thousand million hectares built-up area
(housing, traffic and other human
purposes).

In the course of human history more than 2 thousand million
hectares of biologicall;y productive land were lost and todey
more than ? million hectares are lost annually by erosion
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ard other factors like mining, construction purposes, sali-
nization, desertification ete, So the chances to inmcrease
food production by bringing a large amount of new arable
land under cultivation are small.

About 70 per cent of the arable land is located in tropical
and subtropical regions. Tc double food yields will require
a tenfold increase in fuel, fertilizers, pesticides sto, and
the respective funds. This will also result in a dangerous
increase of envirommental poliution.

Therefore, intensification of already existing egriculture

is the only strategy to meet the incressing human food demsand.

.Thie requires: .

- use of high yield plents and animals

- nultiple cropping of the land

- ilrrigation by controlled water supply or Arainage

- increased and controlled application of fertilizers and
pesticides _ )

- use of modern technology and increased energy inpuv.

Compared to 1962 with a fertilizer-input equivalant-index
100 ‘the application of fertillzers in 1985 will reach a
value of 1,210, This is necessary to achieve sn increase
in cereal yiglds of sbout 3 per cent per yaar.

The socio-economic congequences of the intensification
affecting employment, land tenure, cultural attitudes,
family planning etc, should not be underestimated.

Fo -overcome the protein deficiency ean increase of livestock
production of at least 3.8 per cent per year is required
compared with the actuwal growth of about 1.8 per cent. The
strategy ig to rely on pig and poultry prodmction beceuse
of their shorter life ¢ycle and higher efficiency in con-
verting plant food into mnimsl meat,

Various regional dietary patterns which are mainly depend-
ing on the protein sources and the available steple food can
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be distinguished. Climatic conditions of the region, economic
capacity, religions, customs, taboos, tastes and habits of
the people account for the warlous patterns and require
different strategies to provide the nacessary food (See also
Chapters I, III and IV),

Environment-related disesses and thelr hygieni¢ influences

Man's interaction with other organisms has many forms. As a
member of & bioctic community man has also tu fight various
dlgease-causing organiams to . preserve his heaith. These
organisms are more or less linked with ecosystem structures
and functions which may be changed in an undesired manner by
human development activities. Human activities favour diséase
vectors and intermediste hosts resulting in en increase of
some environment-related diseases which might be called "man~
made" diseases. In many cases human development projects are
closely linked with environment-related diseases liks
‘schistosomiasis and malaria, but even sleeping-sickness or
yellow fever and various other diseases are affected by human
environmental activitlies. For medical aspects see Chapter
ITe 3eCe

Bchistosomiasis

The so-celled mnall fever is one of the most complex, environ-
mental related health problems, where ecological, social
economical agpects are involved.

It is mainly the result of improperly planned irrigation pro-
jects and inadequate extension services.

The pathogens, four different species of flukes, are complet—
ing their developmental cycle via three lervel stages in some
species of freshwater snails as an intermediatve host,
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‘The ecology of the anails is the most importent factor in the
epldemiological complez. The ecological requirenents compriss
water tenperaturss above 20° ¢, stagnant watera, or water with
‘a current velocity of leas then 30 -~ 35 cm/sec. and sun ex-

. posure of the water to emcoursgoe growth of food plantsa.

Most of the ipriga.tion schemes egtablished now provide such
conditione so that ansil populations increase. This results
in an increased occurrence of schistosomiasis too, when no
hygienic precautions are taken., Howavér, not only irrigation
schemes are responslble for the increasse of the disease.
Eatrophication of water bodies by waste water and fertilizers,
pH-rise by water eomtamination, inereased sum exposure of
water bodies by deforestation and even the killing of snail-
eating birds are reasons for the incredse of the snail pop-
ulations.

The reforestation of the respective areas shades the water
plants and suppresses the snail populaticn, 8o schistosomiasis
decreasas correSpondingly.

The ecological interrelations are clearly visible when we
compare the frequency of the disease among people living in
forests with those living in open areas. In forssts where
acological conditions of water bodies due to. shaede and clean
water are less favourable for snails the disease 1s cobnsider-
- ably less frequent than in open areas.

Controlling the disease requires an integrated approach con-
sldering the humen and the environment components., Medical
‘treatment and hygienic precautions (human excreta disposal,
clean water supply, exclusion of man from infested water etc.)
are main tasks in relation to human populations,

The eradication of the disease presupposes the control and
suppression of the sneil population as the intermediate host,
Without profound knowledge of the ecology of snails this aim
cannot be achieved. The control operation comprises a chemical,
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a biologicsl snd an envirenmental componsnt. BSome molluaci-
gides are aveilable for chemical control, but they are toxde
to non-target organisms too, The use of herbicidés and the
clearance of weeds as an indirect means to remove the food
of the .snails can be considersd, The use of competitors and
natural enemies (water birds, smail cracker fish) conld
supplement these activities,

Destruetion of snail habiteants 1s the most important environ-
mental related control operation. Rendering water unsuitable
for gnail breeding by increasing its current velocity, emclos~
wre of water bodies, periodical drying out, and shading of
water plants are some of the possible options in this respect.

Environmentally beneficlal water projecte and adequate
sanitation, however, sre the most impertent prerequisites to
avoid further spreading of the disease,

Malaria

After certain successes in controlling malaria in the mid
19705 the disease again has inereased sericusly; TFhig is due
to two facts: The pathogen, a protozoon of the genus Plas-
modium, has developed strains that are resistant to mediecal
drugs in some parts of the world, and the vectors — mosquitos
of the genus Anopheles - have become more and more resistant
to insecticides. And it is mainly human activity that encour—
ages Anopheles-populations by providing more breeding places.

The transmission of the disease depends on the presence of
an efficient vector in sufficient density. Not more than 60
out of some 400 known species srd strains of Anopheles are
efficient hosts for the pathogen Plasmodium, and about 30 of
them play en important role. Concerning various regions of
the earth only few species are really important. Life-aspan
of the vectors, their ecological prersquisites and their beé-
haviour are factors affecting malaria-trenamission consider—
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ably. Auman develormental acitivities nave infiuwenced tha
density of vectors substantisily which resulted in a malaris
increase. Sometimes it is very difficult to recognize the
reasons for such a development. ' '

In Trinidad, after forest clearlng and cocos~plantation
establishment malaria made itself felt in wery severe forma.
It took & long time to find out that the sghade trees which
cocoa trees need were colonized by epiphytic bromeliads, aad
that the small amount of water accumulated in the leaf axiles
of the bromeliads had become & breeding place for Anopheles.
A1l open water accasulations, even the mallest ones (empty
cans, open water tanks on the mofa, open welle, waste water
trenches, irrigation cansls etc,) are breeding places for

- Anopheles. Temporarily flooding leaving small smounts of wa-
ter in soll depressions, and even brackish water in coastal
regions csn become o breeding place because larval dsvelop-
ment does not raquire more thenm 8 - 10 days.

The flight radius of Anopheles 1s about 2 km, and human
settlements always are surrounded by suitable breeding places.
Lerge-scale deforestation operations bringing the lamd under
cultivation have led to an increase of mslaris dlseases in
all parts of the world. After forest clearing in Malaysia and
Oembodis for rubber plantations, in India for rice cultivat-
ion, in Thailand after mangrove claarins, and in Vietmam
after chemical hillside deforestation or mansron destruct-
ion by chemieal warfare a considerable increase of melaria
could be obgerved, ma:l.nly by prav:.ding new breeding places
(paddy-fieldsl), and- by changing the physiography of the
1am‘1.acape.

The expogure of enstins water bodles to sun provides more
food for Anopheles larval and the wamming up of the water
‘renders it into s very suitahle breeding ground s0 causing

epldemic malaria outbreaks ameng workers and settlers.

In intact forests where leas vectors occur end where there
is 8 leck of sun~exposed waters malaria is lesgs frequent than
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in cleared and open areas. Normally in forests primate melaris
exists in & mosgquito-monkey-cycle, prevalling in the canopy.
If man destroys the forests the monkey population is reduced
and so the vectora cannot find thelr hostg. The vectcrs come
to the ground and bite men, transmitting primate malaria to
man or establishing a new cycle of humen malaria maintained
by vectors which changed from a zoophilic to an anthrophilic
state as known from Thailand (DESOWITZ, 1978).

Control of the vectors ls mainly an envirconmept-related
activity. BEradication of the breeding placea and proper
treatment of any water accumulation is the focus activity
{sanitation and regulaticn of stagnant or flowing water
bodies, removal of weeds, covering of wells and water tanks
ete.). Use of larval-eating fish like Gembusia is an scolog~
i¢sl mesns but not completely satisfying. Insecticide applic-
‘ation agaioat the larvae steges is possible but dangerous

to fish.

The combrol of the adult mosquitos requires at least a four
year ingécticiq.e spraying programme, mainly in houses. In .
_order to avoid the development of insecticide resistance it
is necessary to develop new chemicals but also taking into

account possible environmental contamination. When the
treated ares is free from malaria for three years after the
control operstion the programme can be considered succesful.

In cass of any development project which might change the
enviromment in such a way that Anopheles populations are
encouraged the neceasary extension sorvices should be
‘organized.

Begides the ebove mentioned two main "man-made' diseases some
other diseases are spreed by animals, and envirommental and
ecological aspects have to be congidered, In case of

manouomiasi diseases variona Tr,ype.noma specles as
pathogens snd some insects as veotora sre involved in the
epldemiological complex. ’
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S8leeping-sickness caused by Trypanosoma gambiense and T. rhode-
sisnse, and transmitted by vectors belonging to the genus
Glossina (tsetse fly) as well as some other Trypanosoma -
digeases in livestock are of major importance for the entire
teetse belt of Africa. This is an area of sbout four million
8Q. Me, equivalent to the area of the United States. About
thirty countriles are affected by Trypanoaoma diseasea. The
cructsl ecological requirements of the vector (Glossina spp.)
is vegetation providing some shade and the existence of wild
enimels (mainly Bovidae) as matural reserveirs contai.n:.ng
Trypanosom.

Programmes to eradicate tsetse flies by mass killing of wild
animals were not successful because the main bleod donors
could not be reduced in sufficient mmbers. Nevertheless it
is worthwile to think about creating an igolation belt com-
pletely free of wild animals because the flight radius of
tgetse fliesg doem not exceed 8 to 10 miles,

Clearing or destruction of vegetation in tsetse-infested

areas has to be carried out very carefully because an in-
‘eressed arosion .can ba one of the aside effecta. Activities
‘like this should be done only in the vicinity of villages,
roads, cattle routes etc. to minimize conbacts betwesn tsetse
flies and their hosts. Control by insecticide spraying should
be limited to concentration areas of tsetse flies like river—
ine forests or breeding and pupation grounds, Spreying to

form a buffer belt could be one alternative but all ecologlcal
consequences have to ba considered.

In futyre a long-term eradication programme by biologleal
means encompassing the introduction of natural enemies,
sterilization of the mele flies etc. should ba glven more -
priority.

The Americen Trypanosomiassis, the Chagas-disease, is trens-
mitted by bugs. More than forty species of animals like bats,
rodents, marsupials etc. are known to bé reservoirs. The
disesse occurs normally only in a sylvatic cjcla.



Sihilar ecological interrelations are to be considered in
case of the various Leighmanis-diseases., Thelr vectors,
mad.nly £lies belonging to the _ge:_ms Phlebotomus, are also
encouraged by human activities. In gcase of Filarissis and
Onchocercissls, diseases which are caused by roundworms,
some insects (mosquitos of the genus Gulex, Mansonia etc.,
flies of the genus Chrysops and simuliids) are involved as
vectors, so again causing close ecologlcésl interrelation-
ships wi‘lﬁh man's environment, Culex, which breeds in '
smallest water accumulations extends its area more and
more, This process 1s accelerated by the development of
ingecticide~resistance and by Anopheles-control-programmes
which have excluded the latter genus as a competitor of
Culex in the small water bodies used for breeding. In some
cases due to primate reservoirs and inacg¢essibilita of the
breeding sites it is very difficult to control the vectors,
Onchogerciasis, which may ceuse river-blindness occurs
mainly in West and Central Africa. Its vector, simuliid
flies, depend on rapid flowing water courses as breeding
sites, and because of the amall flight radius of the flies
the disease is more or less restricted to the wvicinity of
the water courses. These are the areas with the fertile lend
which normally could be used for intengive agriculture.
Local inhabitants, however, afraid of the serious diseaze,
leave these areas and move t0 regions free from simuliids.
These areas are less fertile and sometimes alresdy densely
populated. So the migrants increase the population density
of the already marginsl land there and increase the pressure
on the enviromment, causing soil erosion and degradation.
The vector density increases in such areas where the originel
forest has been transformed into cultivated land or savanns
 forests (GARMS, 1973). This fact should be considered in
development projectss

The control of the vector can be achieved b;y_ insecticide~
spraying of the breeding sites where the larvae are fixed
to the gromd of the water courses.
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Besides the above mentioned disesses in which animals are
involved directly as pathogens and as vectors or inter-
mediate hosts another group of environment-related disessas
hag to be considered. These are the so-called arboviruses,
where the microbiasl pathogen (or a virus) is transmitted by
arthropods; mainly blosdsucking insects and ticks, '

Yollow fever ls one of the most important diseases in this
context, It is primarily a gylvatically cycled infection of
primates; the transmission of the virus is accomplished by
mosqu:.fos belonging to the genua Aedes and Haemagogua.

Thege mosquitos breed in small water accumulatlons in tree
holes, buttres roots, leaf axiles etc. up to a height of
15 m, and normally a monkey-mosquito-cycle is maintained in
the canopy. The link to man are monkeys which are not re—
stricted to forests snd which come down to the ground in
close vicinity to man., This process is frequently combined
with deforestation., On the ground now another mosquito
species becomes infected with the virus which may then be
trensmitted to man. Within the human population a third
vector is involved which is maintaining ultimately the urban
cycle (DESOWITZ, R. S., 1978).

. ¢canopy dwelling Aedes
monkeys africamis sylvatic cycle
ground dwelling Aedes trensition oyole
monkeys simpsoni. )
forest dwelling Aedes urban cycle
man / aegypticus

urban
people



The above given cycles illustrate clearly the complex ecologe
ical interrelationships in enviromment-related diseases where
several typas of organisms are inwoivad. The key element in
the system is always the animal vector or intermediate host,
Its snvironmental and ecclogical consequences are more Sus-
ceptible to human activities than the pathogen itself, The
strategy of completely suppressing the vectors by means of
chemical control operations is not justifiend due to the
rapid development of resistance against them. Presently thare
exist about 400 species and strains of econcmically important
insects and mites which have developed insecticide resistance.
Resistance selection iz a very'quick process whieh requires
not more than 10 - 20 generations and the permanent use. of
the same pesticide. Due to the short generation intervalls
under tropicel conditions resistance may be stablished within
a period of not mor than 4 to 5 years. The side effect of
enviromment contamination with all its conseguences to the
ecosyster should not be underestimated.

The only alternstive is the strict comsideration of the sophls
ticated and complex ecological system always involved which can
be expressed by the following interrelations

host

vector - pathogen

I

pathogen ] ' pathogan

and to understand that any interferences in this fragile
system could cause disturbances to health conditions in
human populations.

reserveir pathogen

vector
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II. 4.2. Conditions for the regensration and stability
of ecosystema

The structure and performance of ecosystems depend on their
relative stability and contimmity, Considering the structural
.components.of ecosystems abiotic and biotic components have
to be distinguished which are acting together in a mutual
menner formming characteristic patterns. The ablotic component,
the biotrop, is fomwed by climate, topography, soil etc. and
"is more or leas a given natural fact. 7

The biotop provides the conditions for the biotic components,
the communities of organisms living in this particular biotop,
and it determines the types of communities called biocoencsis
in general. Primarily it is the vegetation type which is de-
termined by the abiotic éhvironment and which characterizes
the resulting ecosystems. The main performance of the plant
' communities is the primary production of biomass,

Furthermore, a simple intact ecosystem is characterized by
the balance between primary production asnd its consumption
and decomposition, so maintaining a more or less stable
level of biomass production adequate to the sbiotic site
conditionsa,

In more complex ecosystems some more trophic levels may be
found where various consumers utillze the primary biomass
producing secondary and even tertisry biomass which is de—
composed by natural processes too. The decomposition process
is maintained by the microbial and animal 'coinponents of the
ecosysteps, The higher trophic levels are formed by animals
which consume plant biomass and transform it into animal
biomass without overexploiting the plants. These processes
of primary and secondary production and of decomposition
are characterized by flows of energy amd cycling of matter.

Any disturbance in this balanced dynamic system .of

production-transformation-decomposition mey affect the
ecosystem itself. ) -
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If ecologicel disturbances occur there, the consequences
will be the more serious the higher the trophic levels of.
the communities involved. el

Normally the abiotic component of the ecosystems is the most
stable cocmponent over a very long peried, and it can be
changed only by very slow natural processes like weathering,
srosion ete, These processes, however, ¢an be accelerated
considerably by human activities, dlrectly by chenging the
abiotic components and indirectly by c;hanging the blotie
communities through remaval of the protecting #egetation
cover and so axposing the non—l:.v:mg environment to unfavour-
_able influences.

Sometimes natural disasters like flooding, storm, earth-
quekes, volcsnic eruptions etc. may sffect the abiotic (and
biotic) components of the ecosystems, so changing or even
destroying it in a very short time,

fhese disturbances effecting the sblotic components of the
ecosystems should not ba dealt with here in deteil becauss.
proper management, protective construction, global surveill-
snce etc. could be used to reduce the expected dsmage. In
this chapter emphasis will be glven to the disturbances and
slterations of the biotic components which affect energy .
flow and cycling of metter resulting mainly in a reduced
productivity, and stability of ecosystems,

The'productivity'of ecosystens is of crucial importance to
man because it provides the necessary fopd and energy supply
for his existence.

Highest possible and permanent prodnctlvzxty can only be ob-
tained in relatively stable ecosystems, and 8O pmduct:.vity
and stability have to be treated &s en ecologlcal unit and
cannot be separated. Any disturbences in the stability of
ecosystema will result In a decline of prodnctivity as well
as in losses of basic products for human existence.



What does stability mean?

In a general sense stability is the capacity of a particular

ecosysten to maintain its structure and functioning under

the influence of disturbing factors within a certain equi-

librium range. Other capabilities includes

.~ to tolerate fluectuations within upper and lower lLimits
without destructing the basic structure of the ecosystem,
and _

- to returm, through regensration of the damaged components,
to the original medium equilibrium level.

If the disburbances exceed the capacity of stability of an

acosysbem, then

- productivity will decline

~ species may become extinct

- the entire system might collapse with complete destruct-
ion of the communities or even the ablotic components.

Natural and seminatural ecosystems are open, self-regulat-
ing systems of relative atability, the biotic communities
being the dynamie elements. In the long rm these communities
undergo natural changes in their composition resulting in
different stages of development. This process is called
succession and leads ultimately to a final stage of natural
ecosystems called climax stage. These climax stages which -
are paturally determined by edephic and climatic conditions
normally reveal the highest level of stability,

Permanent human influences (annual fires) or biotic in-
fluences (tree destruction by elephants, browsing by gsme)
may change the direction of the succeasion leading to an~
thropogenous or biological climax stages as cen be seen in
gome of the savenna regions.

The duration of the warious successlonal stages which are
characterized by congiderszble biocloglecal alterations re-
quires in forests periods of betweean a few decades and

400 to 600 years, and, Wy the formation of typical communities,
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they seem to be relatively stable for a c¢ertain time. The -
stability of the climax stages of the natural ecosystems
originates from intrinsic factors of the ecosystems but,
aparf from natural changes and fluctuations, they are also:
vulnerable to disturbances which cannot always be compensated
by stability.

Due to the incereasing demands of human society matural eco-
systems had been transformed increasingly in mep-made eco-
gystems (agroecosystems, forest plantations ete.) which made
them more productive but reduced their stability. The main-
tenance of their stability requires an additional high energy
input in form of fertilizers, pesticides, weed control etc.y
the values of them sometimes are equivslent to or exceed evemn
the value of the desired productivity increase.

Tropical agroecosystems are particularly susceptible to dis-
turbances and reveal a high degree of instability and fragili-
ty (JANZEN, 1973); for that reason optimizetion of yields in-
stead of their maximization should be the strategy of manage-
ment. S0il exhaustion and soil deterioration, increased pest
popnlations, increassing pesticlde resistance and some other
side effects are the cdnsequences of improperly mansged and
only export-oriented sgricultural praetices. 4 gimilar
gituetion applies to the monocultures of forest plantations

having the ssme age.

Therefore, man-made ecosystems should be given particular
emphasis in order to maintain their astability and to emsure
their production. Agroecosystems which are not used for
perennial crops and which have a very short life gpan caunnot '
evolve sufficient stebility because this requires a more or
less longer period of coevolution and coexistence between
the various communities. 50 particuler atbtention and support
hss to be given to them to obtain en equilibrim and biotic
balance which has to be maintained by man,
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Factors affecting stabllity

Mecha.nicall and biological factors as well as human influsnces
_ affect stability. Wind and storm, temperature extremes,
drought, fire, flooding, unfaveurable site conditions and
several other influemnces are imporbant mechanical factors.
They may affect a single member of the sommunities within the
-acogystems, or damage or destroy an entirs systen, Very often
the physical structure of the ecosystems which was created or
at least improperly managed by man is of crucial impoﬁtanca. '
A contemporsneous forest plantation, for example, which is
improperly tended and thinned may be much more vulnerable to
storms than a well-treated one. Unpraper logging may dsmage
remaining trees in the stands or expose them to extreme sﬁn',
so killing them, The selective timber logging of tropical
forests sometimes causes mechanical damage to more than 40
to. 50 per cent of the ramaining trees and destroys the
natural regeneration.

In case of human influences all activities disturbing the
balanced system of prima:t"y production-consumption~decomposit—
ion and the mutrient cycle and energy flow involved will
change stability in an undesired manner. If man harvests for
a longer period more biomass or energy from an ecosystem as
it can sustain by natural conditions of production ‘then the
stability of the system will decrease. If man establishes &
new plantation under unfavourasble site conditions he creates
simultaneously disturbances in the stability of the forth-
coming ecosystem from the very beginning.

The above mentioned factors are more or legs influences
affecting‘ a given ecosystem form outaide, so that they have
+o be considered as extrinsic, stability-affecting factors,
and a stability component should be contrasted with ex-
trinsic factors. Much more important are the stability-
affecting factors acting inside the ecosystems. Here the
interactions and interrelations between different communities
and populations which are components of the ecosystems may
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have an essentisl influence on their structure and perform-
ances which could at least change productivity draé‘i:ically.
Hence, as a second component of stability - the intrinaic
factors - have to be considered. These intrinsie stability
factors are acting in s very complex.pattern, and thelr
understanding requires a profound ecological knowledge, . so
that ‘this complex should be discussed more detailed.

A1l factors and activities which maintain or support the na-
tural flow of emergy and cycling of matter in ecosystems may
increagse their stablility. Under tropical conditions solar
ensrgy and tempersture are always available. in such a manner
that plents can meke full use of their photosynthetic po-
tential and prod.uce a meximum of primery biomasg., Water and
nutrients are the only limiting factors, Thelr availabiliby
ig regponsible for the actual production pattern which can
Be influenced by humen activities, for instance irrigation,
fertilization etca

Soil orgenisms

Apart from production of primary biomass and respiration the

dynamic processes are of particular importance for the main-

tensnce of stability, and here it is mainly the decomposition
of primary snd secondery biomass which provides nutrienbs to

the plants, which are available only in limited amcunts.

The communities of poil microbes and soil fauna are the main
elements responsibie for this decomposition process. Organisms
of upper layers may be involved to & certain degree, S0 re-
leasing the nutrients from the plant materials, and providing
new nutrients to the next plant generation. It is not only
the nutrient content of the soil which is affected. It is
also the condition of the soil itself (crumbling structure,
aeration, water penetration, water and mutrient retention
capacity etc.) which is improved by the activity of soil
orgenliens, in this way providing better growing conditions
for the plants and increasing productivity of the ecosystems.
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The main sroups of soll organisms are:

- bacteria

- fungi

~ actinomycetes

- protozoa

- nematoda

- oligochaeta earthworms
- molluscs

'~ acarina (miteas)

- myriapoda (millipedes)
« collembola (springtails)
~ isopoda (termites)

. = other ingects and their larvae,

According to'the site conditions may their population dengi-
ty reach very high wvalues.

The number of protozoa in 1 g of forest so0il varies betweeni
several thousand and one million.

In the upper 5 c¢m, nematodes may number betweén 5 and 30
million per 4 m“.

Microarthropodes (acerina, collembola) in tropical forest _
soils may number between 2,000 and 70,000 per ma. Numbers of
sarthworms, millipedes, and mollusc¢s may be no more than 10 '
to several hundred per m°, but this is compemsated by their
high biomass and the activities carried out in decomposition.
Taking into consideration their metabolic activity, their
secondary biomass production, the breskdown and decomposition
of plant material énd the production of excrements which are
of high nutritive wvalue to plants, the role of s0il orgenisms
in the maintenance of basic ecological processes can be eagi-
1y astimated.

The secondary biomass in soil and litter 18 5 to 6 times -
higher than the above ground biomass and values of 250 kg to
600 kg per ha. can be observed in different tropical soils,
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The production of wormeasts with their high mnmtritive walues
accounts for 2 to 100 tons/acre/year. They contribute to the
improvement of soil Fertility Just like manure. An average

of 50 to 60 per cent of the ainual Iitter fall, whieh may
reach up to 20 t/ha./year, is eaten and decomzosed by soil
animals rezularly, and it can be said that, if there were no
s0il animals at all available for decomposition, this process
would take 2 to 5 times longer, so affecting considerably the
matrient cycle, productivity and stébility. The role of soil
orgenismg in thé basic ecological process of matter and
nubtrient cycling can bec seen from tae following interrelat-
ionss

atmosaphere

photosynthesis

vegetation ——— phytophageous ————3» carnivorous

1 t \\\\\\\\;;animils animals
soil litter ‘f””’#/t’”
nutrients decomposer and

numus destruents

Soil organisms can be encouraged by proper management
{correct ploughing, fallow periods, drainage, green and
organic manuring, crop rotation etc.). Bubt they can be
‘affected in a neéative manner by burning, litter removal,
insecticidal treatment etc., so reducing this important
factor of ecosystem satability and soil fertility.



According to their importance in basiec ecological processes
the communities of soll organisms form a balanced end well-
buffered aystem with high resilience to extermsl influences.
Even if certain groups are nsgatively affected the remaining
groups are able to maintain the processes of decemposition
and matter cycling at least in a limited manner until the
affected and disturbed groups have recovered, which normally
occurs very quickly. During the course of ecosystem evolution
with its structures and performances this crusiel community
of s0il orgasnisms established itself in such a complex manner
that compiete destructive normally cannot be expected. On the
other hand, the ecological importance of this subsystem is
underlined by the above mentioned relative gtability of the
communitye ‘

Pest_organisms

A second important component responsible for the atability
of. ecosyatens is the equilibrium between production and
consumptions

In all relatively stable ecosystems a certain proportion of
primery preduction is permanently consumed by pl:g’yfop-hageous
species, used for the formation of secondary biomass and

rapidly recycled in the same system, without disturbing the

.producing system. In tropical rainforests, for omple; 25

to 30 per cent of the leaves as primary production are con-
stantly eaten by phytophageous animals without ceusing any

" demsge. to the forest. The existing equilibrium in these

systems is maintained by the relative stability of the pop-
ulations of phytophageous species, and £o the main question
erises which factors are governing the population dynamics
of species in natural communities.

In such cases when the fluctuations of populations of
phytophageous species exceed the equilibrium limits or
when #ian is removing (harvesting) more biomass from the
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system then it can be tolerated or when man ip disturbing

the ecogystem by other intarferences, then the balanced cycle
will be interrupted, stability will be reduced and phyto—
phageous species will turn from harmleass species to pesgts
causing damage to the system and conslderable aconomic losses
to man, If peé‘b populationsg reach epldemic levels then even
the entire ecosystem might be completely destroyed aa it
happens, for example, to mature conifer-ecosystens after bark
beetle outbreaks. '

In ell ecosystems (mstursl, agroecosystems, forest plantat-
ions etc.), where the mechanisms regulating and controlling
the population dynemics are disturbed naturally or by human
activities, pests can become dominating components of eco—
systems and gevere damege and losses will be the censequences.

Pasts contend with man for basic needs, and the necegsary
contrel measurss will cause undesired side effects on the
environment,

It has been calculated that average loasses of 30 to 35 per
cent of the world's yieid in agriculture and forestry have
to be expected annually, and there are even estimates that
due to the permanent ecological changes in the environment
by the year 2000 about 50 per cent of the yields will be
lost, The actual losses account for a vaiue of at least §
150 — 160 Billion. There are regional differences and .
differences in the vulnerability of the crops which should
be qons:.dered.

Within the estimated losses of 35 par'cent animals account
for 414 per.cent, diseases for 12 per cent, and weeds for
9 per cent. . '

The following groups of organisms are mainly involved in
this context: ‘

- digeages: bacteria, fungl
- pests: inseets, rodemts, nematodes, birds, mites
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liainly pests react and respend via fluctuations to changing
environmental conditions so that the understanding of the
ecological processes iavolved is of erucial importance. There
is a lot of controversy concerning'the guestion how natural
populations function and how they are controlled. it is
obrious tiat all populations are governed by more than one

and tha% very complex mechanisms in 10,000 to 20,000 important
pest species have to be considered.

The basie principle which has to be accepted is the regrﬁ—
ductive potential of a species and which proportion of this
potential is realized under tue actuasl environmental con-
ditions. The interaction of reproductive capacity,'expresséd
in natality and mainly governed by endogenous factors, with
eavironmental resistance, accounting for mortality and mainly
governed by exogenous factors, is the main mechanism which

causes fluctuations in the population density of a given
species.

Fecundity, sex ratio and number of generations per ysar are
the main parameters of the reproductive potential. The en-
vironmental resistance is expressed by the sum of all en~
vironmental fsctors which reduce the rate of reproduction,

s0 keeping the population in balance, Physical factors
(climate, weather),'nntritional influences and bilotic factors
(predators, parasitoides, diseases, competition etc.) are of
esseatial importance; Figure IT. 4=# shows how complex all
the environmental components are which affect the population
density of a pest species.

It can be recognized from these complex interrelations that .
human activities might easily change or disturb omne of the
controlling factors, hence disturbing the biological balance
and pushing a pest fluctuation to outbreak levels.

Improper managemenf. monocultures, unsuitable site condit-
iong etc. are such human influences which normally are not -
recognized in their importance for disturbances of the above
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mentioned system. Considering the nmatural control of pest
fluctuations demsity-independent factors like weather or
. 8011 conditions and density-dependent factors like com—
petition, parasitism, predation etc. affect the populatio'ns,
either stabllizing or umnetabilizing them. It is generslly
asccepted now that the density-dependent factors including
intraspecific competition are the main regulating and stabi-
lizing mechaniems. Noxrmel population growth is directed to-
ward instability., Some populations are ultimately subject
to limits of the envirommental resources to support them and
follow & logistic curve of increase which 1s stabilized
according to the carrying capacity of a given ecosystem.
Many populations, however, are relatively unstable, growing
until they exceed their carrylng capacity and than_ crashing
to much lower demsities,

According_to- this complex mechanisms different types of
fluctuations and outbreak patterns have to be distinguished
which require different ecological approaches to copé with
and to reduce damages and losses. 5o this component of sta-
bility which is mainly maintained by the compensating
effects of envirommental resistance plaiys an important role
in the proper mpansgement of ecoesystems.

If plant disenses are considered the situation iz different
from enimel pests. Diseases cause abnoxmelities in grbwth,
atructure and performances, keeping plants unhealthy in a
“broadest sense, There are many factors which cause plant
diseases, 80, for instance, mecharnical forces, non-para-
gitic digesses or disorders brought about by adverse environ-
mental. conditions or by internsl phj‘si@logioal digturbances
‘and pathogens. Paragitlc diseases caused by pathogens like
viruses, bacterls and fungi are of majer importance becamse
they are infections and can spread rapidiy between plants
and give rise to considersble losses in yield or in the
quality of c:mrps; Their ecological interrelations with the
components of ecosystems differ drastically from those of
animel pests. Their development is stromgly influenced by

[
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weather, soil and other environmental factors which mainly
affect the processes whereby the pathogens infect the host
plant, but they also influence the susceptibility of a plant
to a disease. Under tropical conditions humidity and rain
are very important for the develepment of plant diseases,
because the dispersal of certain development stsges of the
pathogens depends upon rainwater. Temperature is always
favourable. Apart from envirommental factors men additional-
1y influences the relationship between pathogen and host
plant by monocropping, improper cultivation practices, dis~
persal of diseased plants, fertllization, irrigation etc.,
and in such & way may cause desired or undesired effects
with respect to the epidemics of the pathogen. Development
of a2 dlsease is not 80 cleariy connécted with stablility
factors within the ecosysten and 1ts epidemic is not re-
gulated and controlled by biotic factors belonging to other
populations or cagmunitles. Infectlon, spresd and progress
of the disease may be affected by ecosystem components
(304l conditions, crop debris, previous crops and weeds,
alternate hogsts, vectors like lnsects or nematodes) too,
thus requiring specific attention, when buman activities
aim to menipulate ecosystems.

Weeds are important li.m.iting factora in the production of
tropical ecosystems. During the rainy season they grow very
rapidly and luxuriantly competing strongly with the crop
‘for water, mutrient, light and space. Weeds may affect in
perticular the firat successional stages of sgroecosystems
with perennial crops or forest plentations spd always the
" snnual crops. It 1s not ‘the stabllity of the ecosystem as
a whole which might be disturbed, but mainly the develop-
ment direction which the succession of the plent cammunity
tekes, a direction, which does not allow the comun,lty to
realize the full productivity of the crop apecies grown
there. Sometimes the crop might be completely suppreassed
by the weed commmnities but more frequently a certain equi~
1ibrium of weeds and crope will be achieved resulting in a
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very low productivity. This process is ecologically governsd
mainly by interspecific competition during the varicus eteges
of successions. The maintensnce of a fully produclng agroeco-
systen requires, accodrding to economic stratagies, an intensi-
ve and effective weed coptrol. This is more essential than in
case of pests because then intensive chemical control operat-
ions can be replaced by an ecologically oriented pest manage-
ment as can be seen from Chapter II, 4,.3. and III. '

Regeneration of ecosystems

If the question of regeneretion of ecosystems arises it has
to be decided which type of ecosystem is concerned. Is it
"back te nature" with the aim to re-establish, for exsmple,

a natural plent community which covered once a certain area,
or is it to repair a given, intensively managed ecosysbtem
which seems to be disturbed or owverexploited or even exe
hausted and the productivity of which has declined drasticale

1y?

The strategy to be applied depends on the objective which
hag clearly to be defined.

The regeneration of natural or sminatural ecosystems for na-
tural conservation purposes requires, for example, one main
concept: leave the ecosystem alone, let the mechanisms of
succession operate and give the system time to recover.

That necessitates the identification, exclusion and avoidance
of ail disturbing factors, aminly human activities. If some
componenta. of the ecosystems are already damaged irreversibly
(e« g+ plant species extinguished) then they have to be re-
placed by re-introduction (replanting). Those components
which have been chénged in an undesired manner (e. g. pollut-
ion of water bodies) have to be restored into the stage of
the original conditions. ‘

This process of natural regenerakion and recovery neceasitates,
depending on the ecosystems involved, a shorter or longer
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pericd of time, and sometimes failures cannot be avoided. A
tropical reinforest, for exsmple, which was completely cut
down ie not able to regenerate and only secondary forest
formations can be expected. Thus the success of this strate-
gy depends to a high degree on the remaining rest of the
originsl ecosystem.

In case of the regemeration ¢f en scosystem which is managed
tfor econcmicel purposes (e« G, to produce food, fibres or
timber), and the preductivity or stability of which has
declined considerebly, the sxeclusion of all unfavourable

humen activities is required and additiomal efforts are
neceasary; This includes chenges of the cropping patfern,
longer fallow periods, returning of substances to the eco-
system which had been remcved in an exhaustive manner, measures
to improve site conditions and various other factors which are
mantioned in Chapter IIT.



II. 4.3. Measures for the maintenance of stability

Stability is mainly effected by disturbances in ecosystems
.which cause changes in the density of populations, _m&inly of
those consisting of specles which consume primary biomass,
Bo the knowledge of the fluctuations of populations and of
+he ecological laws governing them is of major importance in
“order to maintain stability. But there are many controversies
in the understanding how natural populations function and how
they are controlled.

For a long period the dominating idea was that ‘stability re-.
sults'fr’;_)m a large number of apecles (species diversity) that
act on'one another in density-dependent ways. Stability was
considered to be a product of the mumber of species and the
complexity of interactlons in communities. Thls concept at
least cannot be generalized becanse some experiments indica-
te that adding another predator species to a set of inter—
acting prey and predator (or parasltoid) speciea can elther
increase or degreasgse stability.

Mathematical modelling of communities (MAY, R. M., 1973) did
not ahow that increasi.ne; the number of specles and comple:d.—
ty of interactions increased community stability, Sometimes
even an inereaged number of species and complexity of inter-
actiona produced increasing instability and vulnerability of
the community models tc perturbation. Relative stability in
communities apparemtly results from the population function
of individual species and small sets of interacting species,
not from richness in species of the whole community. Enwiron-
ments that sre gtable may pemi't.manar species to survive in
interaction with one another in a complex community, Indi- '
vidual species may then have relatively stable populations
because of density-depandent relatidnships'but the complex
community may be fragile if its enviromment is disturbed. So
it can be conciuded that community complexity does not pro~
duce community stsbility but that environmental atability
permits the evolution of community complexity (WHITTAKER,

Re Hep, 1975)s The relative stability of natursl populations
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through evolutionery time results from the accumuletion in
comaunities of species affected _by a buffering mechanism and
density-dependent relationships,

This concept now is supplemented by various other ideas.
According to MURDOCH (1975) it ie the disturbed coevolution
and not & poor gpecies diversity which is responaible for
reduced stability. NMUEDOCH claim that phﬁy'sical complexity of
the biotop may increase the stabillty of populations.

According to WATT (1965) the number of competing species the
main factor to increase the stability of ecosystems, and
SMITH (1975) considers the food web structure and the non-
linear relationships between their components as essentlal
Taotors to incrsase stablility of ecosystems. ‘According to
SAUNDERS and BAZIN (1975) the increase of the number of
species and their connection is a factor that reduces the
gbabllity of ecosystens, their buffering capacity and the
damping rate of fluetuations. The less the linear connections
between components of large and complex ecosystems the higher
thelr damping rate and stability, According to VLANOWICZ the
redundance of energy flows and the self-regulation end self-
organization capacity of ecosystems are the main factora to
stabllize ecosystems,

This demongtrates that controversies and even conflicting
concepta of ecosystem stability have to be considered and .
any generalizdtion should be avoided. The actual ecosjstam
and the communities and populations involved should always
be carefully evalusted snd determined vefore conclusions on
gtability can be drewn.

Tropical rainforests with a high complexity and species di-

versity are very vulnersble to perturbing forces from out—

" side, while, due to the heterogenity, the regulation of pop-
ulation fluctuations inside is easily achieved.

In contrast ecosystems poor in species diversity such as
temperate broadleaved forests or tropical savanna woodlands
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consisting only of few dominsting tree species (e. g.
Dipterocarpus spp. in Southeast Aeia, Acacia épp. and
Balanites segyptica in Bast Africa) are rather stsble
against intermal or external perturbing influences.

Thus it can be géneralized at least that during the course
of succession the respective climax stages as mature eco-
gystems reach the highest degree of complexity and stability.

To meet his basic needs for food, fibres and timber man
establishes ecosystems of high productivity which are similar
in their ecology to early successional stages. That means
they consist of populations which follow the “r-gtrategy".
With a high reproductive potential they very rapidly colonize
suitable sites which are not yet occupled by other competing
communities., This very rapid process does not permit the
‘establishment of a satisfying degree of stebility between the
different populstions of the community so that consideradls
losses have to be sxpected, Therefore, man has to ensure and

. maintain stebility through artificial messures by additional

input of energy in form of pesticides, fertlllsers and proper
cultivation methods, However, environmental and economic
constraints (pollution, funds etc.) are limiting factors,

The suppression of fluctuating pest populations by applying
pesticides is the most important measure thought it is’
effective for a limited span of time oniy.

- Beological agpects of pesticide application -

About 200,000 to 300,000 tons of insecticides, at least con~ -
taining 200 to 300 chemical ingredients, are applied world-

. wide annually which results in a considerable reduction of
yield losses otherwise normally caused by instability of.
ecosystens, But besides this more or less severe disturbances
to the environment as a whole have to be considered. Most of
the pesticides in use have & very broad spectrum of act:l.'on. o
not only killing the pest populations but also the non-targed
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organisms (regulators, indifferent species ete.), so0 dis‘i:m:'b:‘;ng
ths whole ecosystem and leading to important ecological con-
sequences. The "pest-picture" changed considerably, meinly due
to the disruption of the bictic balance. After pesticlde
upplication many pest species became more dangerous, reaching
opidemie levels very quickly. The intervals between two out-
breaks became shorter thsn before. Scme forest pests, for
example, reduced the intervals of epidemic peaks from 7 to 3
years. In some species the infestation rate became higher T
than without control. New, secondary peats originaﬁed (0e B
red spiders) or formerly less. importent specles transformed
into dangerous ones. During the last few decades, about 400
pest species became pesticide-resistent, snd this process
even accelerates, so that under tropieal conditions certain
spacies can be expected to develop resistance within & - 6
years. Side effocts on other components of ecosystems like .
soil fauna, birds, bees, fish etc. should not be neglected.

In this context cotton cultiwvation provides one eof the most
striking oxsmples. Tn the cotbon growing areas of Central
America normally 3 - 8 main pest species occurred which were
more or less effeotively contrelled by ecologilcal mesns,
After intensive insegticide-spraying the number of important
cofton pests increased to 15 andyhelds declined.

Figure II. 45 shows the situation in the Canete Valley in
Peru which 1s known as the "cotton~picture'". In the Cycle 1,
lasting from 1920 until 1949, cotton was cultivated under
moderately intensive subsistence conditions which resulted
in moderate yields. Since 1949 (Cycle 2) a highly indunstri-
alized and intensive monoculture was put into effect by mass
pesticide application, irrigetion etc. Oosts had gone up,
ingecticide resistance occurred and new pests and outbreaks
sppeared wiich no longer could be controlled affactively.
the whole system collapsed in 1956, and ingtead of cotton
other crops were grown. During the next few years (Cycle 3)
a diversified agricultural programme evolved with less in-
tensive cotton culture and with integrated pest controle
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Cotton ylelds increased until 1964, then dropped and reach-
ed an average level not better than in 1940, Now this ine-
tegrated control phase is still underway and ensures a re-
lative stability of the system.

4 similar development occurred in the large-scale cotton
growing schemes of Northeast Africa. In the classical areas
(es ge Gezirah) yields ‘are permanently declining due to
declining stability of the whole system which resulted in
pest population increase. Due to improper clearing operations
(no buffering forest areas left) and intensive pesticide
application even in such areas which had been brought under
cultivation in the last few years the pest situation got

" worse and ylelds dropped within 3 years by more than 50 per
cent, These disturbances affect other components of the eco-
system, and the pest outbreaks, for exsmple, are accompanied
by invasion of rats, weeds and other undesired side effects.

Because of the persistence of some pesticides in nature they
may be accumulated in the environment leading to pollution
and contaminatione Apart from the accumulation of pesticides
their conecentration increases in the different trophic levels,
This process is called biological magnification, and an ob-
served concentration increase from 0.00005 ppm DDT in water
after mosquito control to 26.4 ppm DDT in cormorants (fish-
heating birds) is equivalent to a 500,000-fold increase. In
various regions of the world even in human body fat, values
of more than 10 ppm DDT hawe been detecteds

Tt was estimated that in the past 25 years no lesas than

1.5 million tons of DDT had been used, and due to its half-
life of 10 ~ 20 years it can be calculated that about two
thirds of this amount of DDT (incl. its stable metabolite
 IDE) ave still in our enviromment and are distributed all
over the world now by logggranggAtransgort; The long=term
effects of this contamination cannot be evaluated accurate-
1y up to now but consequences have to be expecteds
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Bome observations demonstrate already that dangerous side
effects of insecticide contamination to higher vertebrates
are possible. Disorder of the calcium-metabolism resulting
in reduced thickness of eggshells of birds, hormonal dis~
turbances causing delayed ovulation, inhibiting of gonad
development, and disturbances in embryonic development are
factors affecting the reproduction.

Fish is particularly wvulnerable to insecticides and may be
“killed inmediately. Birds react very quickly by reduction of
their reproductive potential, and some species (e. g. eagles,
falcons, ospreys etc.) became nearly extinct in certain
areas, Mammals which are on the top of the food pyramid are
affected too; and interruptions of pregnancy; resorption of
embryos or abortion can be observed.

Therefore, insecticides should be applied carefully to mini-
mize the above mentioned side effects, so that ecosystems

can be stabilized by control of populations. The effect which
can be expected is always limited in time and space because

a pest population normally cannot be eradicated completely,
and within a certain time it will recover from the low abund-
ance which it reached by control. This process could even be
accelerated, as already mentioned, because the surviving
portion of the population consists of the most viable and
most resistent individuals which sometimes reveal the high-
est reproductive potential. So they will be able to rebuild
epidemic population levels within a short period particular-
1y in such cases where the regulator-species of the eco-
system had been,affected by the previous control operation
too.

Another strategy to maintain or even increase the stability
of ecosystems is to change the biotop of the pest populat-
ions making it less suitable for their existence. Large-
scale agricultural and forestry ecosystems which are inten-
gively managed are particularly vulnerable to stability-
disturbing pest attacks because they provide favourable
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conditions to the pests (food in excess, favourable micro-
climate, shelfter etc.).

Large~scale and long-tem monoculbures may influence the pest

populations by selec¢tive processes which change their genetic

congtitution rendering them more aggressive (e. g. plant—

parasitic nematodes). On the other hand the genstically-based

resistance of the cultivated plants ias declining due to the

loss of genetic deversity in the course of selection and

breedipg for high yields. So the only altersative would be

changes in the cultivation technologies applied, These in-

clude:

‘- gmaller cultivat:.on areas

= dlverasification of the cropping system by uaing a biggexr
variety of different crops (e. g. sweet potatoes, cassava,
bansnas, rice) _

- intercropping by growing different crops on the same plot
in the same season

~ consistent crep rotatlone

This system is already used traditionally by native farmers
for subsistence agriculture. They know from long expérience
that the probabillty of pest outbresks wili be reduced con-
slderably if this ecultivation system is applied. Yields will
be somewhat lower but this will be compensated by the reduc-
ed costs for pest control. The situation differs when large~
scale cultivation of csgh crops is intend.ed. Then at leash
crop rotation has to be realized cons:.stently supported by
limited control operatiorns. -

In the long ran stability-maintaining management strategies
have to be developed and applied bscause human demands in
basic commodities will increase, The ecogystems developed
to fulfil these demends will become more productive, but,
also moxe hemogeneous, often near homogzygous, and thus more
fragile and vulnerable to stability disturbances, The so-
called “green revolution" is only ome example for the
development which 1s going on. Comprises must be found
whereby ecosystem diversity csn be emhanced without major
reduction in productivity.



The management approach to stability problems should integra~
te dlfferent methods and atrategies ;‘or all pests affecting

a given ecosystem. This approach has been nsmed "integrated
pest management™. This system must integrate different methods
of populstion suppression (chemical, biological, ecological )
etcs.), and employ actions, consistent with the quality of the
epvironment, which rést on & profound knowledge of the ecolo-
gy of populations apd their interrelations with the environ-
ment.

The jmportence of this spproach can be seen from the fact

that UNEP allocated £ #,0 million (= 4.3 per cent) of its

funds for pest management systems, The concept demands a

multiple and interdisciplinary approach, and its main idea

is not ersdication but suppreassion and menipuletion of the
© gtability-affecting pest populations, .

The procedure of integrated pest menagement requires:

- & careful analysis of the ecosystems invoived

~ the decision of the economic threshold to justify any
control operations S

~ snalysis of all factors acting in the pest population

~ appflication of measures augmenting the resistance of
the enviromment (biologlcal control, encoursging the
regulating ageuts etc.)

-« developing selective and limited pesticide application

- developing and applying cultural and mechanical methods
with control potential (fertilizing, proper cultivation
technologies etc.)e

So ecological, economic and environmental aspects have to
be integrated snd combined with the objective to support
and supplement patural control and to maintain stability.
Emphasis should be put on natural control achieved by _
biological components contained permanently in ecosystems, -
such as predators, parasites, pathogens, plant variety smd ‘
genetic deversity. Apert from them all facilities provided 4]
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by sterilization, hormomeés and pheromones, genstical control
and manipulation, attractants, repellents, emtifeedants,
breeding for resistance etc. should be used as well.

Biological control which is particularly useful in tropical
regions comprises
- conservation
- inoculation
= inundation
of bioclogical agents. It includes alsc the active formation
of the biotop by introduction of alternative hosts which
must be provided when the natursal pest population is low,
This will permit natural enemies to survive ag a control
agent during periods of pest scarcity. Furthermore it could
require the provision of aslternate hogtg, which are sub—
aidiary hosts as an obligatory part of the life cycle of an
anemy; Therefore; the masintenance of non-crop plants (weads!)
-and a high gpecies diversity is of considerable importance to
fuilfil biological and physical demands of natural control
agents, The desired increase of the buffering offects of
agroecosystems requires at least an area of 8 to 12 per cent
of the total area under cultivation, which should be kept
under fallow or under low-intensity managament;

Agricultural practices should be used to disrupt the life

cyele of the pést or to encourage natural enemies, and to

provide opbimal conditions %o crop plantie to increase their

resistance, Such practices are:;

- adwell-timed and adequate sowing, tending and harvesting
methods

~ cultivetion of soil, proper manuring, fertilizing and
irrigation

~ gtrip faming and harvesting

- ¢rop rotation and crop iseclation

to give some examples only.



58

Chemical control should only be used to supplement the above
mentioned practices. The selection of the most suitable and
less dangercus chemical compound and the correct method of
application is of particular importance. Chemicals of low
pezrsistence and pelective and sygstemic pesticides should be
.given preference., Correct application, permanent change of
the compounds to avold selection of resistance and proper
timing of the application to save natural enemics are ime

. portant ecological points to be considered.

Perennial crops (rubber, cocoa, coffee etc¢.) and forest
plantations are particularly suited for integrated pest
management because a long-term potential of biological
regulators can be built up. The situation is less favourable
in annual e¢rops which sometimes may require more pesticide
application. If all the above mentioned agricultural .
practices are properly applied them the concept is promis~
ing too and will contribute to the maimtenance of stability.

The control of coffee leaf miners (Leucotera spp.) in Kenya
is an example for z carefl.illy balanced integrated programme
using a 'feV_l' selective insecticides together with natural
control by parasites without interference (HILL and WALLER.
1982). .



IX.4.4. Mapagement of nature and landscape protection,
biosphere reseryes and mt:.ona.‘l. utiliz.ation and
protection of pstural resources

IT.4.4.1. Flora

The world's different ecosystems are clasaified mainly
according to their biomass, productivity, metabolism, ensrgy
flow and stabllity. as to its efficiency, utilisation,
modification and preéemtion; each type of ecosystems has to
be regarded separately. Since plants as primary producers are
of central importance for ecosystems, the following list of -
terrestrial biomes (physiocgnomical plant formations with the
animal populations that inhabit them) is based on a clagaifi-
cation of vegetation zones. Autotrophs form about 99 per cent
of the total biomass of ‘the biosphere (1843,109 tons), there-
of the phytomasa of the terrestrial ecoaystans is 500 times
thet of marine and limnic ecosystems; the proportion of '
forests emounts to about 90 per cent. However, the flora of
an area as a gtock of species for phjtocoenoses-is not only
of fundamental importance for the structure snd the function
of ecosystems; the floram as the totality of plant taxons
represents a natural resource, i.c. a gene pool for mankind,
since green flora forms the basis for man's food, in )
particular bys

~ direct utilization of nutritive plants (annually about
1200.106 tons of vegetable foodstuff, the raw material
of which corresponds to about 10 per cent of terrestrial
primary production)

~ indirect utilization as feeding resources for domestic
animalse
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Besides nutritive and fodder plante, man utilizes other
resources of ;he‘flora:

- raw materiale (e.g. wood, fibres, rubber) '

- energy resources (firewood, coal, oil)

- quicine (antibiotics, cardiac glucosides, alkaloids etc,)
- spices and luxury food and stimulants,

Human interference in connaction with utilization, such as

- extraction and addition of organic substances and minerals;

- changes in the composition of apecies by direct (elimina-
tion or introduction) or indirect influence (impediment or
promotion of certain species);

- contamination by poisone

results in changes and to some extent in the destruction of

the plant cover and ecos&atamn. Thus, agricultural utilization,

industrialization and urbanization lead to a transformation of

natural landscapes into cultiveted landscapes. The rational -

utilization and protection of natural resources has become a

vital requirement of our time, Biological conservation aims

at preserving

- ecasystems a&s mankind's ecologicel and economic baesesa;

-~ the basic entities of life, among them many have se yet
unknown pratical importance; ’

- the biota and/or aéosystams as necessary bases for fhrther
development of the life sciences. '

Biological conservation hase then two theoretically_founded

aims, viz.:

- the preservation of functionsl ecclogical systems;

- the preservation of members of the biota (individuals,
populations, species).

The rational utilization of ecosyestems calls for knowledge. of
these systems and in particular of the ecological laws, Since
physiognomical plant formatione often have an ecological
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relevance, the principal blowes ranging from tropical to
temperate floral zones of the sarth are used as basis for
discuseing the most important ecosystaﬁa. To avoid misunder-
standings, we claseify the biome types according toc UDVARDY
(Classification of biogeographical provincee, IUCN 1975) and
apply the formation classes and groups of the "Internatibnél
classification of vegetation™ (UNESCO 1973). Formatian types
as such are often too abstract, since apparently resembling
formations may represent different ecosystems having developed
under different environmental conditions (e.g. grasslands,
deserts), The paper includes only terrestrial zonal biomes
which have particular importance for territories of developing
countries, whersas boreal and arctic formations as well as ths
Australian realm have not been taken into account.

I1.4.4.1.1.Structure, utilization and protection of the main

formations of vegetation or ecosystems

A« Zone of tropical rain forests

Main ecosxstaﬁs

Biome ‘type: Tropical humid forest }
Formation groups: Closed forest/Mainly avergresn forest:
- Tropicel ombrophilous forest/Rain forest
Tropical evergreen seasonal forast
. Tropical semi-deciduocus forest
Principal biomes: Evergreen lowland rain forest
semi~deciduous lowland rain forest
Alluvial rain forest
Swamp and bog rain forest
Montane rain forest (cloud forest)
azonal: Mangrove forest
anthropogenous: Secondary (rain) forest
Trepical savannas and grasslands
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Ecclogical characteristics

Troplcal rein forests form the zonal vegetation of the equa-
torial climate zone (Inner tropical zone) characterized by
daytime climate, heavy precipitaticn (2000-5000 mm/year) and
steady average day temperatures (25 - 27° ¢) in the couree of
the year. Greater deviations from these optimum conditions for
the growth af plants are brought about by trade~ and Monsoon
winds, relief and altitude. The soil lacking in nutrients ’
{laterization, red ferruginoue clays), only covered by a thin
litter does not seem to be compatible with the luxurlant vege-
tation. The inng overground bhytomass is quickly reduced to
minerals and the relessed nutrients are immediately reabsorbed
by roots, In this cycle, herdly any nutrients sre lost nor any
wash—oute are caused by the heavy reinfall, since the nutrients

- are absorbed by the flat underground\roote directly from the
litter. Except coral-reefs, the tropical rein forest forms the
most complicated ecosystem, It is characterized by repid ma-
terial cycles, high rates of biomass production and net producti-
vity and by a concentration of the nutritive potentiel in live
plénts. Without disturbing interference, it may grow for
thousands of years on the same ground. ’ '

'Phy;ocoenosis as a structural element of the ecquaggﬁ

‘'The phenerophytes are the dominant form of life with regard to
the number of speciles (70 per cent) and to quantity. The tree
layer is rich in speciee: 40-100 (200) species per hectare; due
to the lack of light, the shrub and herb layers are in most
cases scarcely developed (excaptfon: montane rain forest), The
constantly high humidity and warmth provide for an optimum of
growth and development and provided for most favourable con-
ditions for an almost incalculable abundence of species and
forms. Due to the absence of an annual rhythm of temperature
the plants heve an endogenous cycle {autonomous periodicity of
leaf fall and flowering time), To increase their stability
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trees often produce buttressed roote (low depth of the roots),
unfold leaves at intervals (suddenly sprouting within a short’
time) frequently showing long leavee, formed that way that .
the water may run off at the top of the leave and ceuliflory
can be observed in more than 1000'speciea. The abundance of
lianas and epiphytes results from their advantageous position
in the struggle for light,

loristic characterization

Neotfepical realm

Characteristic plent taxons are: Caesalpiniacese (Dimorphandra,
Elizabetha etc,), Minosacese (Dinizia, Parkis etc.),’
Myristicese, Sapotacese, Lecythidaceae, Euphorbiaceas,
Lauraceae, ApocCyaceae, '

Main useful plante are: Hevea, Couma (extraction of caoutchouc)
Berthollezia.

Main timbers are: Swietenia.

Africotropical realm M

Characteristic plant texons are: Caesalpinisceae, Burseracesae,
Icacinaceae, Meliacese, Olacaceae.

Main useful plants are: Coffea, Cola.

Mein timbere are: Entandrophragma and Khaya (African mahogany),
Mimusops (mekore), Chlorophore (iroko), Mansonia,
Triplochiton (abachi), Terminalia (limbe).

Indomalayan reslm

Characteristic plant taxons are: Dipterocarpacese {frequently
dominant, thus foresta become ‘less varisd),
Sapotaceae, Anacardliaceee, Meliaceas, Guttiferas,
Verbenaceae, Ficus, Artocarpus.



Main cultivated plants (now pantropically spread) are:
Myristica, Syzygium, Cinnamomum zeylanicum, Piper
nigrum, Mangifera indica. :

Forests have been mostly transformed into cultivated land,

e.g9, flood-plain rain foreets into rice fields, lewland rain

forests into Hevea brasiliensis-plantations,

Utilization of and perils for ecosfstems

Extansive utilization by total claering and subsequent burning
in connection with shifting cultivation results in quick
mineralization and leaching of the soil already lacking in

- _nutrients owing to rapid material cycles, Therefore, agricul-

tural utilization is only feasible on . a limited scale, When
cultures are abandoned secondary foreste develop. In spite of
the potential luxuriant growth of plants end because of the
irrsparable losses of nutrients, it is neither possible to
regenerate the original state nor to bring about the abundance
. of species of primary rain foreste. Repeated clearings of the
forests lead to further losses of nutrients and extensive
degradation. Finally, the transformation of forests into
grasslands results in the creation of troﬁical savannas unfit
for settlement and in grassland ecosyetems. If man ignores
this lack of soil nutrients, his interference with the highly
balanced ecosyetem of rain forests might have disestrous con-
sequences (e.g. sotbacks in the realization of programs to
populate vast areas along the Transamazénica in Brazil). The
agricultural utilizetion has to ensure the maintenance of the
productivity of ecosystems, i.e, cultivation methods com-
pensating the losaés of nutrients to .a large extent. To this
end, mixed cultures of both agricultural and forest cultiva-
tion can be set up., After clearing, several high trees are
left untouched or trees are planted on old claarings made by
burning.

The tall trees protect the soil from being leacﬁed by h@avy
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rainfall and against intensive solar radiation, Cultures of
spacies of lower trees (intermediate tree layer, é.g. oil
palms), small trees, bushes or high shrubs {inferior tree -
layer, e.g. cacao, banana) and herbaceous plants (e.g.

manioc) in the subordinate layer can be planted. under the

tall trees. When the competion exercised by the specles of
trees planted simultanecusly becomes too heavy, the cultiva-
tion of agricultural plants muet be stopped, Of course,
tropical forests cannot be regenerated by the combination of
forest and agricultural cultivation, but such mixed cultures
for the production of raw materials and foodstuff preserve

the soll and protect it from being overgrown with weeds, If
this method serves the purposs to repress or to stop shifting
cultivation, 1t is instrumental in the protection of still
existing original rain forests. 1In densely populated sareas,
these forests have been fully dastroyed (e.g. Javanese low-
lands) or replaced by secondary forests or secondary humid
savannas. In the tropics, 28,000 hectares of the rain forest
are destroyed every day. If man continues to deforest the
Amazon asrea at the present rate, the rain forest once covering
8 million km® will be finally déstroyed by the turn of the
century, The destruction of the rain forest is nat only caused
by the expansion of settlement areas and the cultivation of
plants but also by the winning of timber., Despite the richness
of species 1t is only a few species of trees that are cut to
win timber {in Ghana, the proportion of the most used and ex-
ported species amounts to, 60 per cent of the total utilization
rate every year: wawa, sapell, sipo), Large foreast areas have
to be cut to get to the trees that are largely scattered over
the rain forest (e.g. Ivory coast: one commercially useful
Khaya stem per 5-10 hectares). This extsnsive utilization adds
to the destruction of the scosystem. A great number of timber
trees rank among the eensitive, shade-requiring species which
ars bound to the ecosystem of the rain forest; they stop
growing in secondary forests and they cannot be cultivated in
plantations, In some areas, man's efforts to introduce species



of trees and to cultivate them extemsively in plantations
have bﬁpn crowned with success. To preserve ths stability
and productivity of agricultural and forest plantations it
is in wmost cases essential to faertilize the soil and to con-
trol weeds and insect pests. '

B. Zone of tropical rainy-green humid and dry forests and

sSavannas

Main ecoaxstems

Blome types; Troplcal deciduous or dry forests (incl,
' monsoon forests) or woodlands
Tropical grasslande and savannas
Forpation groups: Closed forest/Tropical drought-deciduous
forest
Closed forest/Extremely xeromorphic forest:
Thorn forest
Woodland/Drought-deciducus woodlands
Scrub/Drought-deciduous scrub
Herbaceous vegetetion/Tall, medium and short
" graminold vegetation: Grassland with a tree
synusia
Grassland with a shrub
synusie
Grassland without
woody synusia
Principal biomes: Tropical humid deciduous forest = monsoon
© forest '
Tropicel humid Savanna (woodland)
- Tropical dry deciduous forest or woodland -
ragional hiomes: Miombo-forest Palm savanna
Mopane-woodland Llanos
Baobsb-woodland
Conbretum-woodland
*orchard-savanna®
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Thorn woodland, thorn bush savanna
Tropical dry savanna
. Tropical grassland
azonal: Mangrove forest
Swamp forests
Gallery forests
Parklands
anthropogenous: Secondary savanna, thorn scrub
Grasseland ‘
Subdesert shrubland

Ecologicel characteristics

In the tropical climate zone (external tropical =zone) located
both north and south the equatorial zone maximum rainfall
ocdura in eummer months (summer rainfall) and despite its
comparatively high temperatures, this zone is characterized
by a distinct annual course of the daily average temperature
(cool months = dry season). The dry season bscomes longer
(from 2 to 120 monthe) and the average yearly rainfell becomes
lower (from 2,000 mm to lese than 500 mm)} the further removed
from the equator. Water becomes tha main factor limiting big-
mass and productivity, which are clearly inferior to that of
the rain forest. The phenomenon that plants adapt their
endogenous rhythm to the climatic rhythm leads to a seasonal
aspect charnge (shoot, leaf fall, flowering time). Declducus
seasonal forests develop from evergreen forests and owing to
decreasing rainfall and longer dry seasons deciduous humid
forests grade into dry forests which finally pass intc.wood-
lands and savannas.



Humid months  Main biomes Arid months -
12-9.5 Tropical rain forests (ever- 0 - 2.5
green and semideciduous humid

‘forest)
3,5-7 Tropical humid deciduous forest 2.5 =5
{monscon forest) and humid
savanna
7-4,5 Ory deciduous forest and wood- 5 =745
} land, savanna
4,52 Deciduous thorn forest, thorn 7.5 = 10
savanna
2-1 ’ Semidessrt io - 11
1-0 Dasert 11 - 12

Phytocoenosis ae etructural element of the ecosystem

Humid {drought-) decidugus forest (monsoon forest)

Compared to rain forests the tree layer of this type of forest
is clearly less varied, frequently some species are dominant.
However, the mors open stand of the forests gives way to the
developmant of a more luxurient shrub and herb layer. The less
favourable water belance results not only in periodical leaf
fall but aleo in thefdavelopment‘of smaller stems, thicker '
crusts, more etrongly branching crowns and smaller leaves, In
~the tropics, large aresas are (or rather were) covered by semi-
deciduous or deciduous forests, but it is.just these forests of
all types and continents that are destroyed and endangered on a
large scale since they can be easily cleared by burning (burning
down during the dry seeson) and owing to pariodical precipita-
tion they offer favourable conditions for agriculture and cattle
breeding. Original forests have been largely replaced by
substitute communities (anthropogenous savannas), i.e. by humid
savannas (with tall grasses) or dry savennas (with low graeses).
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Dry_(drought-) deciduous forest and woodland

When the average yearly raintall becomes lower (less than
1,500 mm/year) and the dry season becomes longer the forest
is characterlzed by amore open stand and the rest period of
the phytocoenosis becomes longer. However, the dry season
does not correspond to a complete rest period; at the end of
this period many species begin to flower. Owing to periodic
forest fires, only speciee resistant to fires can maintain
themselvaes. The dominant vegatation in dry forests is an open
tree cover with certain specles having a characteristic shape
(e.g. bacbab, mopane, combretum, umbrella-shaped legume
grasses and fruit-treelike taxons). There are sliding tran-
sltions from these dry forests by way of forests with -an ever
decreaéing density of trees and understorey grass into true
savannas where the grass layer is dominant. An unstable
balance between trees and grasses is typical of this biome.
It depean on the grass layer how much water permitting the
development of trees remailns in the eoil. In case of heavier
precipitation dry forests or tree savannas are the dominant
type, in case of less precipitation it is shrub savannas or
savannas and grassland that are dominant. The quantity of -
water being at the woody plants' disposel during the dry
season is limited not only by climatic factors but also by
edaphic ones giving way to the development of savannas (e.g.
Llanos on the Orinoks in South America and Campos cerrades in
Brazil).

Savanna and grassland

Savannas are ecologically homogeneous grasslands with more or
less regularly growing woody plants and in case of their
absence this biome is called tropical grassland., Today saevannas
and grasslands are widespread tropicel formations of vegetation,
though in many cases thair development is to bs attributed to
man's activities, Natural savgpnas occur in areas with less



than 500 mm of annugl rainfall. In areas bordering on the
deberts these savannas which are caused by the climate pass
on loamy sandy seoil into pure grassland, the thern scrub
savanna on stony soil turns into subdesert shrubland.

Utilization of and perils for the ecosystems

Humid (drought-)} deciduous forest

Thg above remarks on rain forests apply as well to these,
except that they have been more drastically decimated and
are still more endangered than rain forests since the dry
season offers favourable conditions for clearings made by
burning. After having been utilized between 2 and 4 years
for agriculture the soil lacking all nutrients is no longer
stitable for agricultural utilization. The fields are
abandoned and anthropogenous savannas are expanding, In case
of utilization for cattle breeding the pasture grounds are
kept dPaen by burning. Thus, grasses can shoot better, but
many speeies of trees are destroyed and only species
resistant to fire can maintain themselves, Valuable species
of timbers grow in ‘the tropical humid forests (e.g. Tectona
grandis, Diospyros ebenum and Terminalia in Southeast Aeia),
but they are often only extensively used, As in the case of
rain forests efforts should be directed on regular forest
cultivetion and combined agricultural and forest utilization,

Dry forest, woodland, savanna

Being in most cases unsuitable for agriculture, these eco-
systems are utilized for cattle breeding}'sut annual burning
and inefficient pasture farming may result in extensive
degradations and the expansion of thorn scrubs, the pasture
land becomes worthless, The intensive overgrazing leads to

the disturbance of the unstable balance of competition betwaen
trees and grasses. The reduced and disturbed grass layer gives
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way to a more luxuriant growth of woody plants (minor losses
of water caused by evaporation, larger quantities of water
reach the ground; for natural rejuvenation diminished com-
petition by grass roots). Grazing animals contribute to the
spreading of seeds. It is in particular thorny species {e.g.
Acacia) which animals do not like and fire-resistant species
that spread. Owing to an extended growth of bushes pasture-
grounds become worthless and thorn scrub (savanna) and thorn
woodland as substitute communities of natural savannas are
common. When these\woody plants are cut and used as firewood
in more densely populated areas, the degradation of soils
leads to the expansion of anthropogenous deserts. Some species
of the thorn savanna being of importance for economy (e.g. ‘
Acacia senegal for the extraction of gum arabic) are cultiva-
ted, Several dry forests provide excellent pasturages, €.g.
dry fotests where mopane {Colophospermum mopane) is dominant;:
due to their high protein leaves which are the favourlte feed
not only of cattle but also of elephants and antelopes.
Rational pasture farming is a prerequisite for the protection
of these ecosystems. ’

0, Zone of tropical-subtropical semideserts and deserts

Main ecosystems

Biome types:; Warm deserts and semideserts -
Formation groups: Scrub/Extremely xeromorphic subdesert shrub-
: land
Dwarf-scrub/Extremely xeromorphic subdesert
dwarf-shrubland ’ .
~ Mainly evergreen
~ Daciduous with / without succulents
Herbaceous vegetation/
Short grassland without wopdy synusia
Forb vegetation/Low forb communities:
Mainly annual forbs (ephemeral or
eplsodical forb communities) =
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Prin¢ipal biomes: Semidesert
Rocky desert (Hamada}
Sandy~-pebble desert (Serir) and Pebble-
cobbla desert (Reg) - '
~ Dead valleys (Wadis)
- Oasges

Ecological characteristics

Within the qubtropiéal arid zone (trade-wind zone}, owing to
the very long range of rainfall {200 mm/year or ‘even lgas),
minimum humidity and great variations of temperature (the
high solar rediation results in high temperatures during the
day: due to the strong radiation temperatures drop even below
zero during the night), savannas and grasslande change into
semideserts (yearly rainfall less than 500 ma) and deserts
{less than 200 mm). We designate these areas as arid since

. the potential evaporation is much higher than the yearly rain-
fall, Arid areas are situated in temperats climate zones as
well. Unlike these, subtropical aridsareas do not have a cold
winter season. Thus, in epite of their physiognomical

“~similarity it is a question of different ecosystems. In some
areas, e.g. in the subtropical Iranian-Pakistan~Indian desert
area and in the wintsr cold temperate Iranian~Turanian deserts
it is difficult to delimitats the scosystems. The limit of ths
productive date cultivation serves to delimitate torrid
deserts againet winter cold deserts, Biomass and productivity
diminish to & minimum in the deserts. )

i

_ Phytocoenosis as structural element of the acosystem

In spite of floristic differences deserts of the different

biogeographical realms heve common characteristics, such as

~ low density of the plant cover;.

- ecomorphological adaptations to arid conditions (eccurrence
‘cf ephemeras, poikilohydric plants, xercphytes and
succulents) and ’ -

-
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~ 8 landscape characterized by rock rather than by vegetation.
Whereas in semideserts a diffuse vegetation (regularly spread
over an even ground) is dominant, the growth of plants in
deserts is mostly restricted to depressions and sraosion
gullies (restrictad vegetation},

~Fleristic characterizatian

Palaeoarctic realm:

Saharsn-Arabian deserts: Chenopodiaceae, succulent Euphorbia

(only in Margccoe), xerophytic dwarf

shrubs of different families,

Poaceae with xeromorphic leaves

{Stipa tenaciesime, Panicum turgidum,

Arista pungens etc.), various

ephemeras after winter rain; culti-

i vation of date palms as useful plants,

Africotropical realm: ‘ .

Southern Sshara (including Sahel zone): Poaceae (Aristida,
Eragrostis, Paniceeae), shrubs of the genera
Acacia, Commiphora, Grewie, herbs of the
genera Callotropis, Crotolaria, Aerva.

Southern and East Africe: Succulents of variocus families
(Euphorbiaceae, -Crassulacease, Apocynaceae,
Asclepiadeceae), Acacia, dwarf shrubs (e.g.
of Compositae).

Neotropical realm:

Sonora desert: succulent Cactaceaes and Agacaceae, ephemero-
phytes, poikilohydric ferns, xerophytic semi-
shrubs (Encelia). N

Peruvian-Chilean coastal desert (fog desert): Bromeliaceas,
Cactaceae, different herbs (Loma vegetation).

Utilizarion of and parils for the_ecosystems

Semideserts still lend themselves as pasturages. However, the
overgrazing of semideserts leads as well to changes in the



ecosystem, thus, Artemisia-formations expanded at the expense

of the former grassland in the North African - Near East semi-
deserts, Cultivations of date palms are typical of the Saharan-
Arabian deserts, the largest subtropical desert area, Agri-

culture is only feasible in "runoff areas", i.e. by using

erpsion gullies and depressions to which natural vegetation

restricts as well

(restricted vegetation). The cutting down

of woody plants (winning of firewecod) in transitional zones

to the deserts results in the expansion of desert zones by
anthropegenous deserts.

D, The sclerophyllous vegetation of winterrain arcas

Main_ecosystems

Biome type: Evergreen sclerophyllous forests, scrubs and wood-

lands
- Formation groups:

Principél biomes;

Closed forest/Winterrain evergreen broad-
leaved sclerophyllous forest {"Mediterra-
rean")

Woodland/Mainly evergreen broad-leaved and
needle-leaved forest

Scrub/Evergreen broad-leaved sclerophyllous
shrubland

bwarf~scrub/Malnly evergreen dwarf-scrub
Evergreen sclerophyllous broad-leaved

forest

Evergreen broad-leaved sclerophyllous shrub-
land.regiona% biome: Macchie

Mixed evergreen dwarf-shrub and herbaceous
formation -

regional biomes: Phrygana, Tomlllares. Batha
atc,

Evergreen cushion shrubland
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A transitional zone embracing-all continents (though covering
only a small area) which is located on the 40th parallel and
characterized by winterrain (Etesian zone), hot and dry
summers and tool winters {(with cyclonic rainfall), This
climate without a cold season but with occasional onsets of
frost and a loﬁg summer droﬁght is typical of the Mediterra-
nean area. Owing to the summer drought there is a great pro-
portion of sclerophyllous and malacophyllous hard-leaved
species. Evergreen sclerophyllous forests {Quercus, Olea,
Ceratonia, ip some cases conifers) form the zonal vagetation.
Since these areas are mostly old cultivated land, natural
forest ecosystems today scarcely or only fragmentarily con-
tinue to exist. After being cleared,Kburned down and used as
pasturages these natural forests were replaced by open
communities with dwarf-shrubs (see above-mentioned bicmes)

or in case of the utilirzation of brushwood by light shrub
formations (Macchie}. Inasmuch as slope forests were cut and
used as pasturages as well as severe erosion and degradation
of the soil became widespread.

B, Zone of warm-temperate humid forests

Maln scosystems

Biome type: Subtropical and temperate rain forests or wood-
lands

Formation groups: Closed forest/Mainly evergreen forest:
Temperate evergreen ombrophilous forest
Temperate evergreen seascnal -broad-
leaved forest

Principal biomes: Warm-temperste humid forest .

Laurophylieous forest

Ecoleogical characteristics

-Owing to its high humidity throughout the year (maximum rain-
fall in the summertime) and the lack of wintercold in most



76

" cases, the warm temperate climate zone offers again very
‘favourable conditions for the growth of evergreen_broad-
leaved forests. This forest zone is located mainly on the

. east sides of the continents because of the influence exer-
cised by trade- and monsoon winds, The forests cinstitute

an intermediate stage between tropical rain forests and
deciduous summer forests, At increasing geographical lati-
tude and diminishing annual temperaturss humid tropical
forests grade into éubtropical and warm-temperate overgreen
“'forests (this development involves a decrease of the size

of the leaves and a change of the floristic composition).

It is often difficult to draw a dividing line between the
different types, and warm-temperate forests (laurel forests)
of Eastern Asia are not infrequently assigned to subtropical
rain forests.

Phytocoenosis as structural element of the ecosystem

The warm-temperate broad-leaved forests are noted for their
richness of woody plants, the predominant species being ever-
green plants with leather-like (semisclerophyllous) leaves in
many cases. An increased number of conifers is found in some
areas.

Floristic characterization

The common occurrence of species of tropical tLauraceae,
Theaceae) and temperate taxons (Quercus, Magnolia, Castanes)
and the great number of systematically isolated "ancient"
taxons which already concluded their development in the
tertiary period or even before is typical of these forests.
- The latter includes conifer families such as Araucariaceae,
Podocarpaceae, Texodiacege. :



Utilgzation of and perils for the scosystems

Owing to the favourable conditions for the growth of plants
the forest areas have been cultivated to a large extent, .
Intentive cultivation methods led to the deforestation of
the major part of the large East Aelen. laurel forest area,
it was replaced by tea plantations and other cultures.
Remains of original vegetation can be found in mountains.

P, Zone of deciducus summer forests (nemorcge forests)

Biome type: Temperate broad-leaved forests
Formation group: Closed forest/mainly detiducus forest:
Cold-deciduous forests with evergreen woody
plants
Cold-deciduous forests without evergreen
trees
Under the conditions of typically temperate climate with
distinct, but not too long lasting cold season and a long warm
summertime with sufficient precipitation (growing season),
broad-leaved forests have adapted to the cold season by fall
of their leaves. The mostly complex phytocoenoses are today
cultivated efficiently as forests or have been transformed
into productive ploughed field.

@, Zone of winter cold steppes and deserts

Biome typee: Cold-winter{continental)deserts and semideserts
Temperate grassland '
Formation groups: Woodland/Cold-~deciduous broad-leaved wood-
: land
Scrub/Extremely xeromorphic subdesert
shrubland o
Dwarf-scrub/Extremely Xeromorphic subdesert
dwarf-shrubland
Herbaceous vegetation/Tall graminoid vege-
tation ‘
- Medium tall graeseland
Short grassland
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- with a tree syn&sia
- with a shrub synusia ~
- without a woody synusia

Principal biomes: iloodland-steppe-formation
' - Steppe .

regional biomes: Eurasiatic steppe

' " Northasmerican prairy
Pampa '

‘ Tussock-grassland

Semidesert

Desert
uUnder arid climatic conditions steppes, semideserts and
deserts which as to their physiognomy remind us of tropical-

. subtropical grassland, semideserts and deserts, have'devaloped
in the temperate climate zone in continental areas. Ths eco-
systems, however, are characterized by a ¢old-winter climate,
In addition to low precipitation they have great differences
of temperature between summer and winter. In spite of their
higher range of rainfall and temperatures the pampas are to
be assigned to the steppes too, Semiarlid climatic conditions
and treeless ecosystems are brought about by years of drought
end by edephic factors (compéctedsubsoin. Contrary to the’
presumption of former times it is not anthropogenic factors
{fires ignited by Indisns) but natural ecological ones that
put the. tree growth at a disadvantage in its competitive
struggle with the grass growth, Stipa-Bothriochloa-steppee
rich in species were widespread in the northern pahpgs with
higher range of rainfall and Tussock~grassland wase to be found
in the drier southern pampae. By now these areas have been
transformed to a large extent into pssturages (frequently
ploughed up and planted to softer European grasges) and into
farmland. - ' '
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H, Further zonal formations which, however, can be disregarded
here, are

Zone of boreal coniferous forosts (biome type: Temperate
. _ : needle-leaved forest)
Zone of the arctic Tundra (biome type: Tundra communities
and barren arctic desert)
The highland ecosystems (mixed mountain and highland systems
with complex zonation) forming treeless alpine biomes above
the forest belt (designated as paramo and puna in. tropical
highlands above the mountain cloud forests) are noted. for
their variety, but have not been considered in detail here.

TI. 4.4.1.2, The_ flora as natural and genetic resource

Richness of spacies aﬁd Genetic diversity

The plant species are not evenly spread all over the world;
the flora of an area results from the effects produced by
environmental factors in the past and present time. The
different development of floras on each continent has led to
a clear distinction between six- floristic regionscharacter-
ized by a greatly different plant and gene stock. Whereas
there are comparatively negligible floristic differences on
the whole Northern hemisphere and only one floristic region
is excluded (Holarctic region}, the different development on
the Southern hemisphere has resulted in five floristic
regions
- the spacies-rich tropical floras of the Old and New erld
(Paleotropis, ‘Neéotropis) and
- the floristic regions covering only small areas {Australis,
Capensis and Antarctic region). i
The tropical and subtropical zones are noted for their out-
standing richness of species. If one compares the number of
seed plant species of the world's different regions, it turns



out. that almost two thirds of the total stock of plants and
species occur in the tropice and subtropics,

Number of seed plant species for the world's different regions
{according._to Raven, 1976)

0f 240,000 speciles: . .
Holarctic region (Eurasia, North America) about 50,000 species
temperate to arid Australia and New Zealand at least 15,000

-

South Africa (Capensis) about 10,000
temparate South America about 10,000
tropical and subtropical regions about 155,000
of them: Africa (incl. Madagascar) 30,000 speciee
4 Asia (incl. New Guinea and
trop. Australia) at least 35,000 species
America . 90,000 species

The tropical-subtropical floras are characteriied by an ex-
traordinary richness of plant species. This diversity of forms
ie due to a large gane stock., The centres of diversity
correspond to gene centres.

Whereas by analysis of the floristic éonditions in the
luxuriant tropical forests the boqanist's attention had been
drawn in time to the richness of the wild flora, the culti-
vated plante and their wild -forms were being neglected for a
"long time. -

It was only by the pioneering research work of vavilov, &
Soviet geneticist and plant breeder, that the attention was
directed to an essential fact: The wild forms of certain
cultivated plants are common in certain regions of the world.
There, the wild forms have a broad genetic range, i.e. a
.remarkable accumulation of genes. These gene c¢entres are not
only centres of diversity of cultivated plants but also their
pldéces of origin or centres of origin (according to Vavilov's
gene centre theory). Some cultiveted plaﬁts have several
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centres of diversity and in the case of other plants, the.
centres of today's diversity of forms are not identicel witn
centres of origin. With regard to the geographical position
of the centres of diversity of cultivated plants end their
wild forms it is remarkable, that they occur mainly in
mountainous regions of the tropical-subtropical zones and in
the neighbouring regions of the Holarctic floristic region
{meridional fleoristic zone). The following world centres of
diversity of cultivated plants can be distinguiéhed. The
species represent selected examples only:

1, The Chingse centre soybean
various fruit species e.g. apricot,
orange
China tea

2, The Indian and Indo-Malayan centres

a) The Indian centre rice egg plant cotton
sugar cane African nillet

b) The Indo-Mslayan centre banana coconut palm
yam
‘pomelo

3. The Central Asiatic centre (Nw-india, Afghanistan, central
' Aslatic Soviet Republics)
wheat-specigs ' lentil sesame
pea flax pear, apple

4, The Near Eastern gentre (Asia'Minor, Transcaucasian and
Turkmen 85R, Iran)
wheat-species rye tig
red oat s grape melon apricot

5, The Mediterranean centre

dufum wheat. : olive
broad bean
cabbage
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6, The Abyssiniaen centre {Ethiopia)

wheat~-species lentil sasame
barley African millet .  coffea

7. The South Mexican and Central American centre

corn : upland cotton
common bean . sisal
pepper

8, The South American centre

a} The Peruvian-Ecuadorian-Bolivian centre
sweet potato tomato papaw
potato " “cotton tobacco

b) Brazilian-Paraguayan centre
manioc pea-nut cacac rubber tree pineapple

c) Chilean centre
potato

9, The North American centre

New World lupin species ' strawberry
sunflower :

The phylogenetic research of cultivated. plants and plant
breeding was given a strong impetus by the discovery of the
gene centres. The discovery was based on the extensive ob-
_servation and gatherfng of plants in these reglons and the
wild flora and primeval culture forms (local varieties) had
to be taken into account too, The utilization of the ganefic
potential of the flora requires a thorough knowledge of the
latter.

Up to now there is a different level of knowledge of each
flora of the earth. In Europa which 1s the birthplace of the
‘ systematic botany the floristic research has reached the
highest level, Even there, however, further several hundred
plant species have been re-described in the past decades,
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Innumerable species are weiting to be discovered in the
rather unexplered tropical areas.

The registration of the sarth's genetic resources is an
urgent requirement of our time.

Perils for and decrease of the genetic diversity

Starting out from the fact that the flora of an area results
from the effects produced by environmental factors in the past
and present time, its continual changes in the course of the
history of the earth are easy to explain. Initially it was™
only natural factors that determined the flora and vegetation
of an area, but owing to man's growing influence on his
enviranment the natural factors are increasingly superimposed
by anthropogenic ones. Todey the floral changes caused by
anthropogenic factors entail always a decrease of the richness
of species. Man's direct and indirect interfarence in his
natural environment results in changes of the vegetation
(frequently with the intention of uniforming it) and in most
cases in the decreasing diversity of the flora with
endangering the existence of varicus plant species. The ex-
tent of the fleral chaenges depends on the geographical zone,
habitat factors as well as intensity, duration and range of
human interference. Certain plant species are very sensitive
to anthropogenic interference and can indicate the nature

and extent of the environmental changes (biocindicators).

Provisional investigations show that 5 to 10 per cent of the
world flora are bsing threatened with extinction, the precise
number of seed plant species being 25,000 according to IUCN
data. This number is expected to increase to 50,000 till the
end of this century in the tropics alone. Thousands of seed
plants have already become fully extinct. There is a more
rapid but hardly known decline in mosses and lichens (as for



example in Belgium, the proportion of extinct mosses is four
times that of wvascular plants). ‘ ”

Araa Number Percentage of
km2 of extinct already
species and extinct
endang. or missing
species species
Continents 150 millien 200,000 10 ?
USA (incl. 9,36 miliion 20,000 10.4 DL
Alasks)
Europe 1C million 12,000 16,6 ?
Great Britain 240,000 1,655 18,0 | 1.1
'FRG 245,300 2,352 38.8 2.4

Hawaiil - 16, 600 2,200 49,4 11,6

of the cases of extinct vascular plant taxens some examples

shall be mentioned here: )

extinct specisse: e.g, Viola cryana (Frencs), Silene hifacensis
{Spain), 8 species indigenous to Algeria,
8 endemic tree speciles of the island of
Réunion; . '

extinct genera: e.g. Herya, Bérenice (R&unicn), Junie (USA),

‘ Moscheovia (lsrael), Megalopanax (Cuba);
extinct family: Medusagynaceae (Seychelles),

Numerous well-known taxons occur ne longer in nature, but on1§
in cultures, e.g. the genera Tamarindus, Ceratonia and the
species Caria papaya or Myristica fragrans, There is an ex-
ceptionally greet number of extinct or threatened species in
the island floras, In Madagascar, 50 of the 500 endemic genera
of seed plants may be endangered alone by a forest fire or the
cultivation of an area, The islands of Hawaii, the Saychelles,
New Caledonia, Fiji or Juan-Fernandez have numerous endangered
species, In St. Helena which had been diecovered in 1502, 33
endemic seed plants were counted in 1810 when the islend vege-
tation had been already destroyed to a large extent, It will
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therefore never become known which species had been indigenous
to this island. Today 1i of 33 endemice have already become
extinct and only 4 speciles still occur so densely that they
are not being threatened by extinction. A great number of
species of the tropice and the Etesian zaones have only
limited areas and due to this limitation they are severly
endangered too,

The loss of wild forms and local varieties is increasing in
the diversity centres of cultiveted plants. o

.

Néceasity,aﬁd measures of the conservation of natural

resources

Each existing population of a species contributes to ths bio-
logical divarsity and genetic resources of the earth. Every -
loss of speciss and genes resuits in the decrease of diversity,
consequently the balance of the ecological structure is
disturbed and the possibility of improving man's fundamental
living conditions is restricted today and in future, A
decredse of diversity mostly éntails a loss of the stability
of the blocoencsis,. However, this does not mean that an in-
creased number of species must lead to an increased stability
of the phytocoenosis: the species-rich tropical rain forest
is much more sensitive to external interference than a
species-poor boreal coniferous forest. The diversity of
species involves the possibility that seversl spscies adapt
to changing environmental condit{bns.

As a result of thelloﬁs of speciés the balance‘of bio-
coenoses may be disturbed, particularly when it is a matter
of highly productive species of vegetation.

Species, several ecotypes or cultivars contain genetic
material which can be utilized for today's and future
generations.
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Man has. already cultivated some 2,000 spocies and moreover
innumerable ornamental plants and plants utilized by man in
their natural sites {o.g. forest or drug plants) must be
added, It is by the further study of natural resources that
more and more new useful and ornamental plants become known
which directly or by breeding prove to be useful for man
either in view of certain effects or their resistance to
certain environmentsl factors or diseases,

' .
The extinction of species leads not only to the decrease of
genetic rescurces but also to phylogeMetic effects. An unique
irreplaceable type resulting from & long evolution has been
lost and any further evolution is impossible.

Because of the imperative. necessity of the conservation and
rational utilization of natural resources as man's fundamental
living conditions, fer some time several international organi-

~zations such as UNEP, FAO, ICSU and IUCN have been directing -
their efforts to the study of the perils for ecosystems as
well as for wild and cultivated plants and their protection.
The slogan of project 8 of the Pregramﬁe on Man and the Bio~
sphere (MAB) reads as follows: Conservation of natural areas
and of the genetic material they contain.

A Threatened Plants Committee (TPC) has been set up within the
IUCN.

lthat are the possibilittes of conserving the diversity of the
flora? ) '
Before answering this question we must know the flora of &
country {incl. cultivated plants) and its endangered species.
The necessity and possibility of conserving a species depends
on its range, ecology, usefulness and the nature of the
‘,endange?ment. Measurcs of the conservation of the diversity .
must be based on the knowledge of the decrease of the range
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-and genetic resources of the species and of its causes.,
In addition, infraspecific taxons of the wild flora, in
particular ecogeographical races respoctively subspecies
-and ecotypes have to be taken into consideration.

Red lists adnd Red books

On international and national level the listing of endangered
plant species (Red lists, Red books} has been started, on the
basies of which systematic'maasures of conservation must be
taken. Contrary to animal species whieh are dying out and
aroused the public interest already a long time ago, pecople
became rather late aware of the enormous increase of plant
species threatened with extinction. A shrvay of endangered
genetic resources of Tomesticated plants drawn up on the
initiative of the FAQ and IBP was published already (FRANKEL,
1973), but a general survey of endangered wild plant‘species
is still missing. The IUCN Plant Red Data Book gives detailed
case histories of 250 threatened plants from about 25,000
flowering plant species believed to be in danger. A Red list
of endangered species only serves its purpose if the species
are classified according to the dégree of threat, since all
endangered taxons cannot be protected at once and with the
same intensity. .

The Red Book Categories are used by IUCN to indicate the

degree of threat to individual species in their wild habitats:

- Extinct

- Endangered

= Vulnerable

- Rare

~ Indeterminate (? Extinct or Endangered)

~ Insufficiently known (according to TPC 2,500 - 3,000
species). : '

Examples are given in TPC booklet “"How to use the IUCN Red
Data Book Categories”. ‘



Laws, international conventions and the like

If endangered species are known there is one poesibility of
protecting them by paseing bills containing regulatiohs for
the protection in their wild habitats. Such laws mostly
referring to the prohibition of the digging and collection

of ‘or the trade in rare and endangered species have naturally
a limited effect. They may restrict man's direct influence on
the flora but they prove ineffectual regarding ehvironmental
changes caused by anthropogenic factors which lead to the

. destruction of the habitats of representative species.

In this respect an important convention on international
level should be pointed out, viz, the Convention on Inter-
national Trade in Endangered Species of wWild Fauna and Flore
which came into effect on 1 July, 1975.

It contains precise regulations for the contrel and prohibition
of trade in these taxons, More than 30,000 tribes resp. taxons
of plants and animals are to be protébted {(including all
species of the family.Orchidaceae, all species of the genera
Aloe,” Cyclamen, Rhipsalis, Pachypodium, all American cactuses)
and 370 particularly endangered species are placed under a
strict control,

This Convention can only be successful if it is signed by

all countries and each country takes care that the entire
population will be informed about it, and in particular that
commercial pickers and sellers of such plants are controlled.

Practical measures

The conservation of biotypes (ifi situ conservation), the
cultivation dn other habitats (ex situ conservation)‘and
tlie establishment of gene banks are practical possibilitias
of really but to a different degree protecting the genetic
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resources of wild and cultivated plants.

e e e e

‘Conservation of biotypes or in situ conservation
To preserve the 1ife epan of wild plant species is the main
and ideal method of conserving its ecdsystems and genetic
resources. If possible, populations of endangsred species
should be protected in reserve networks. There is a general
agreement on this point expressed by all authors and in all
studies of international organizations (e.g. FAOD/UNEP, 1975).
The following quotation of the Expert Panel on MAB Project 8
(Conservation of natural areas and of the genetic material
they contain) serves to emphasize this agreément:

"The remaining and apparently best, alternative appears to

be the conservation of sufficient natural ecosystems eo that
a significant propertion of earth's plant and animal species
can continue to exist and evolve surrounded by and in harmony
with man's centinuously changing civilization.™ (MAB Report
- Series No. 12:27). _
Although an extensive protection of biotyﬁés will not be
possible in many caéas, attempts must‘be made to establish
biosphere reserves for particularly endangered ecosystems
and speciles.

The size of a protected area depends on the living conditions
of the phytocoenoses and species to be protecfed,ﬂit igs thus
. determined by the minimum area ensuring the viability of the
respective ecosystem, In the tropics only primeval forest
reserves cavering sufficient territories can maintain them-
selves and preserve the diversity of speciés of a tropical

- rain forest in addition to their function in the cycle of
nature (cf. Appeal of the Hyléo Committee, 1975). The genetic
resources of badly endangered and especially valuable species



must be preserved in Strict Natural Reserves. It is, there-
fors, not enough to separate an area ag - national park, un-
less reserves with a special protection status spared from
tourism and economic interference are separated within the
naticnal park. A reserve should be surrounded by a buffer
zone, the possible utilization of which be controlled.

"The conservation of species of half-culture formations in-"
volves particular problems, In these cases the scosystem can
only be pfeserved if the respective cultivation forms are
conserved too. Consequently, these protected areas require
special care taking measures.

Protectad areas must be established with regard to the
infragpecific variation of a species. This is especially
important in the case of foreet genetic resources and it
must be added that the reserve area has to involve a minimum
number of breeding individuals as well, ‘

If the creation of a national park éhould be necessary from
both zoological and botanical points of view, attention must
be paid to the fact that the vegetation msy be destroyed by
grazing protected animal species to such a degree that the
plant species worth to be preserved will bs more QUickly
extirpated than under normal conditions.

Conservation bx cultivation (preservation ex situ)

If the conservatzon of & species in its natural habitat

proves to be impessible in the long run, the cultivation in
other habitats or in botanical gardens must serve as temporary
solution, A great number of already extinct species could have
been saved by cultivation. This is proved by the plant taxons
which today only occur in culture, e.g. Fortunella, Temarindus,
Cicca, Ceratonia, Ultragossypium, Carice papaya, Myristica

i
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fragrans, Palaquium,gutta, Aloe susannae, Franklinia
alatamahiaca, Trachetia erythroxylon. Wthan endangered ‘species
are cultivated their still existing total genetic range has
to be taken into consideration. Species can be cultivated by
gathering seeds, vegetative reproduétion and by transplanta-
tion as last possibility of saving them. In the case of the
improvement of the environmental conditions in the natural
habitat at a later date, man should take advantage of this
opportunity and resettle offsprings of the populations of
this habitat. This reintroduction in nature must be carried
out under scientific control )

Gene banks and seed banks

The diversity of wild and cultivataed plants can also be pre-
served by storihg spores or seeds in specialized institutions,
the so-called seed banks. The method of storing it in the form
of tissue and cell cultures is still in the stage of develop-
ment. However, the conservation of genetic material in such
.gene banks has one disadvantage, It prevents organisms from
evolving. During the time of their storage the environhentalf
conditions under which they would normally exist will continue
.to change. Further difficulties of the 'storage in seed banks
result from the limited storability. The sesed of the different
taxons differ widely in their longevity. It is just the
tropical woody plants whose seeds cannot stand any drying pro-
cess that have particularly short-lived seeds (only a few
weeks ). But particularlv hardcoated seeds of some families have
a longevity of more than 30 years (and in some cases this
period is much longer). Seed banks are of particular importance
for short-lived speciés {Annuelle, Bienne), since their
permanent cultivation is very expensive.

\ .
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characreristic iife forms
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II. 4.4.2. Foauna

ROle-a-.n_g significance of fauna

Fauna as a natural resource is an essential component of eco—
-systems’ and of high importance for human society too. The
main poiits indicating the role of fauna in ecosystems and
in relation to man are: :

- contribution to the cyeling of matter, to the flow of
onergy and to the soil formation proceszses. .

-~ disturbances of the stability of scosystems by causing
demages and logses of yield in agriculture and forestry.

~ causing of diseases and parasitic Infections in‘-man and
domestic animals; transmitters, vectors and intermediate
hosts.

-~ gtabilization of ecosystems by natural control and
regulation of populations. Blo-indicators. :

- formation of ecosystem compounents by pellination, seed
and fruit dispersal, selective feeding etc.

- supply of meat, skin, milk and other raw materials and
labour by wild and domestic animals

- objects of hunting, touriam and recresation

— geng Ta30rves

This list demonstrates the manifold relations between man
and faunz and reveals the importance animsls have to man,:
50 all efforts have to be undertaken ‘t6 conserve fauna and
to use it in = most rational manner,

All animel populations form typical communities in acéord—
ance with the vegetation types they live in.

‘Tropical regions contain large numbers of species of plants
and animsls, and humid tropical lowland forest is probably
the richest habitat in the world as regards the number of

species of plants and animals. This wegetation type covering
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not mora then 7 per cent of the earth's land surface contains
more than 50 per cent of the specles of living organisms,

Tn temperate regions considerably fewsr species occur snd
diversity decreases. A comparison of some animal groups in
tropical end temperate regions results in the following
figures (OWEN, 1976):

Kammals: Tanzanie 289 speciss -~ Britain 47 species

Birds; EKenya B02 species = Frence and Switzerland '
241 species

Snakés: Ghana 91 species - Britain 3 speciles

Bimilar resdlts have been obtained for various insect groups
with only Ichnevmonldae as an exception to the rule. Qbser—
vations made by the amthor in other tropical regions (South—
east Asia) confimm the above mentioned results.

The composition of animal communities is more or less con-
stant, It i3 characterized and maintained in its composition
by the vegetation type, which provides the habitat and the
.food for the snimals, Both .communities sre connected in mutual
interrelaticns, snd each main vegetation formation comtains a
typicel animal community. Therefore, the conservation of the
fauna depends nainly on the conservaetion of habltats.

An effective conservation is the main prerequisit%e for the
mapagement snd rationsl utilization of fauna as a netural
TOS0UTce,~

-

gongervation status of feuns and wildlife

Though since the early times of the Ashoka-iing (3™ centu-
ry B.C.) strong effarts hed been undertaken to protect wild
fauns the results until now are not very successful, and the
situstion is still getting worse. In the past 2000 years
more than 200 species of vertebrates beceme extinct, whereby
mosgt of them (more tnsn 130 species and gubspecies) have been
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wiped out in the last 100 years. This process is accelerated

by the increase of humen population as c¢can be seen from

figure II. 4=11.

Extinction of species is a general, biological principle in
evolution. Reptiles flourished for over 150 million years
but most of them (dinosaurians) became extinct by netural
processes within 1 million years. Cahnging of living condit-
ions were the main reasons for extinction but the disappear-
ing reptiles had been replaced by other. species {mammals,
bizds) which were better adapted to the new conditions so
that species diversity and biological equilibrium in neture
was maintained and evolution contimied., Now the situation

has changed drastically. Due to human developing actlvitles
living conditions of the fauna change so rapidly that species
have no time to adapt to the new conditions and ewolution is
interrupted and stopped here, It is expected that - if the
destructive of habitats continues at the present pace -

about 1 million species will have disappesred for ever by

the end of the century. About 25,000 plant species snd more
than 1,000 species/and subspecies of vertebrates are threaten-
ed with extinction but small animal species (invertebrates)
like molluscs, insects, corals etc., are even more endangered.
Average people kon't know them wvery well, and their habitats
are being eliminmated in their entirety.

According to the IUCN-Red Data Book
305 apecies and subspecies of mammsls,
400 of birds,-
138 of reptlles and amphibians, and
193 of fish :

are threatened with extinction.

A breakdown of the causes threatening these apeclies includes:
67 per cent threatened by loss or cog_t;n;ination of their
habitat
.37 per cent by ove loitation

-
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19 per cent affected by introduced exotic species
7 per cent competing for food with man
2 per cent affected by accidental killing,

These figures combined sre well above 10C per cent because
sometimes more than one factor may affect a threatened
species.

In the past it was mainly overexploitation which affected
fauna and wildlife, and there are striking exsmples of
excegsive hunting and poaching for trophies, meat and other
reasons, But presently it is mainly the habitat destruction
which is responsible for the decline of the population;

Although the spedies have survived, it is estimated that the
abundance of most of them declined by 50 to 90 percent.

Species particularly threatened are characterized by:

- @ small reproductive potential and/or
- & long individual development and/or
- a long life time and/or
- small ecological niches.

During the last few decades even common groups like insects
declined in their gbundance by more than 50 per cent.

People who are not very well acquainted with biological facts
think it is encugh to ensure the survival of a gpecies if
some individuels survive. But this is a falge conclusion, We
know that any animal species can survive and proceed with
evolution only wheh & certain minimum abundance is guaranteed.
If the population drops below & critical level the species

is threatered, Several reasons can be made responsible,but

it is mainly the genetigc drift which is particularly strong
in emall populations, and increasing homozxggsitz due to
inbreeding, which reduce their viability. The smaller a pop-
ulation the higher the probability that, by chance, a useful
gene will disappear from thls population. If environmental
conditions change in such a way that this particular gene is
required for adaptation, then a small population lacking



102

this gene will not be able to survive. The "extinetione
history" of the Worth American pralrie-chicken (Cupido-
‘hen) illustrates this process (Flg. II. 4-12).

Principles of conservation, utilization and management of
fauna as a natural Tesource

The following main principles have Ho0 be considered:

4. Careful analysis of the conservatlon status of the
species concerned,

2. Implamentation of legal regulations for the protection
of the species.

3. Evaluation of the habitat, espaclally of its ggggxggg
cap RCIEE

4, Tmplementation of regulations for the recognition of the
conservetion status and menagement of hebitats. The main
aspect is to keep the areas as large as possible. Reserves
should cover all habitat components which the snimsls Te-
quire - a complete ecological unit.

5. Management of the habitat for the improvement of living
conditions.

G Analysis of the population' struchure of the species come
cerned (abundance, age structure, sex-ratio, increase
rate etc.).

7« Building up and maintenance of a viable population.

8, Formulation of the management objective and 1ts careful
realization by various measures for the manipulstion of
the population. The main agpect is Ho maintain a sustain.
sble utiligation, .

Hence, management of the habitat and manipulation of the pop-
ulation are the main principles which have to be realized,
. The managament of the habitats includaeas:

- conservation of vegetation and soil (already mentioned in
the previous chapber)
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]

- improvement of the wvegetation ‘by a regulated fire regime,
by :_:-emov'al of undesired species (weeds, shrubs etc.) and
by re-introduction of valuable plant specles

- provision of a maximum of ecotones and adge effectsa to
increase the number of scological niches

- provision of an additional supply of water, shelter stc.

- exclusiorn of human activities (uncontrolled logging; ne
grazing of animals in these areas; etc.)

- implementation of legal protection measures by establish-
ment of nature reserves, parks etc.

These management activities require a profound ecological
knowledge. A well-managed habitat of appropriate size is the
main precondition for the existence of viable animal popuia'b—
ions,.

Their proper management requires a sound animal stock which
ghould be used only on a sustainable basis. The population
¢an be manipulated according to the deslred objective by
selective removal of certain members of the population.
Purthermore, the improvement of the genetic constitution of
the population can be obtained also by selective removal of
some individuals from the population, if the rule of Hardy
and Weinberg is considered.

Declining populations loose more and more of their genetic
potential so that it is very difficult to conserve and
manage them properly.

Furthermore, the dwindling populations sre affected by
different ecologicel conditions and divided into seperate
subpopulations, The genetic flow is interrupted between
these subpopulations and evolution and survival may be
seriously affected. So, for conservation purposes, a priori-
ty order should be considered for the estaeblishment of the
pattern of nature reserves to ensure the meintenance of
genetic flow between the different subpopulations (Figure
II. 4-13) and of genetic diversity of the species concerned.
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Figure II. 4-13 Suggested geometric principles for the
design of nature reserves (From World Conservation

Strategy, 1980)
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For the presevrvation of genetic diversity priority require-
ments have to be formulated according to the imminence of
genetic loss. in the teXonomical categories involved.

. (8ee fig. IT, 4-14)

The ecologically-based congervetion objectives can be realis-
ed only by administrative end organizational efforts which
have to be carried out alsc on international levels. Some
aselected activities, institutions and conventions inwvolved
aras

\“IU'GH {(Internationsl Union for Conservation of Nature
and Natural Resources)

Red Dats Book of threatened species

WWE (World wildlife Pund)

CITES (Convention on Internetionsl Trade in Endangered
Specles of Wild Feuna and Flora) (Washington
Convention)

RAMSAR~-Convention

MAB 7 (Man and Blospere Programme)

wCS (World Conservation Strategy)

The international activities will be dealt with in Chapter I.
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