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ABSTRACT

The requirements that should be met by the theory of homeostasis in ter-
restrial ecosystems are characterized. A hypothesis is suggested that the orga-
nization of the biocoenosis is the carrier of homeostatic mechanisms in the
ecosystem. The organization involves four hierarchical categories of ecological
units: subsystems, food chains, competitive associations, and populations (species).
The definitions of the first three units are formulated. The composition and
specific character of the functioning of these units as integrated systems are
analysed. A complete ecosystem with efficient homeostatic mechanisms has well
developed compensatory abilities, due to which the function of some components
can be replaced by the function of the others, and the function of destroyed
units can be compensated by the activation of other units.

INTRODUCTION

All important theoretical and practical problems in the contemporary
ecology are focused on the theory of ecological homeostasis. The pur-
pose of this theory is to define the principles determining the structure
and functioning of mechanisms controlling the ecosystem as a whole.
Due to these mechanisms it can persist in a steady state; they also in-
fluence the species composition and structure of particular biocoenoses.
Many important questions concerning the functioning of the biosphere,
landscapes and single ecosystems can be solved only on the basis of
the theory of ecological homeostasis. Applied sciences should find in
it an explanation of pest outbreaks and weed invasions into crops, or
the reasons for impermanency of the introduction of predators and
parasites into economically exploited systems. Nature protection should
find in this theory the reasons why efforts at plant and animal species
protection frequently ended in failure.

The choice of methods leading towards an objective picture of the
homeostasis organization of ecosystems is open to discussion at present
[13]. For some ecologists (Andrewartha, Lomnicki) the only
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proper way goes through reduction: construction of a biocoenosis on
the basis of individual and population characteristics [1, 4] For sup-
porters of the holistic approach each unit functioning in nature shows
specific features, different from those of its components, therefore, it
should be analysed as a whole [7]. This direction, however, is “here-
ditary handicapped” by considering biocoenoses as “superorganisms”,
on the one hand, and by the view that function has priority over or-
ganization in ecological systems, on the other. Lack of methods for
studying collective, multispecies systems favours this situation. Recent
ecosystem analyses from the point of view of thermodynamics, and
based on the information theory [3] show that the maintenance of the
steady state, which corresponds to the concept of a dynamic equilibrium
in ecosystems, is firstly an effect of the specificity of living matter
organized in individuals, populations and biocoenoses [11]. They re-
present integrated ecological systems controlling the whole ecosystem.
Consequently, the point of gravity in looking for homeostatic mech-
anisms is being shifted towards this field of ecological studies which
deals with the organization of biocoenoses. Regulatory ability of these
systems does not result from their existence as such but from the
degree of their organization. Therefore, it can be admitted that the
organization of biocoenoses should increase with their development.
But this problem has not sufficiently been studied yet because it is
not clear which components are involved in homeostatic mechanisms
within ecosystems.

Differentiation among individuals, usually considered as a result
of the evolutionary progress, has also a biocoenotic aspect. Schmal-
hausen has accurately emphasized that the biocoenosis is the arena
where natural selection acts. Here all new characters acquired by
individuals are verified [9]. This thesis can be further developed by
indicating that all progress in individual organization is of importance
to the species only to the extent in which it improves the homeostatic
organization of an ecosystem. Various types of individual adaptations
are of different importance to ecosystem organization. MacArthur
pointed out the role of individuals with broad food spectrum, as com-
pared with those having highly specialized food requirements [6].
Reichle et al. emphasize the importance of long-lived individuals
to maintaining the equilibrium and organization of ecological systems
[8]. Also the role of individuals with short life-cycles and high migra-
tory abilities is extremely important to ecosystems. This group searches
for any accumulation of ’Ovrganic matter, decomposes it and recycles
in this way. Here numerous coprophages are included, as well as the
species specialized in the decomposition of fermenting substances, such
as Drosophilidae.
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A dominant type of relationships among species within a biocoenosis
is the exploitation of one species by another. Both energy transfer
and number regulation occur through trophic relationships. These are
basic forms of information transfer in the ecosystem. An additional
factor regulating particular populations is represented by paratrophic
relationships based on chemical interactions among species, which either
stimulate their activity or limit their occurrence. The regulation pro-
cesses of this type are effected through “environmental hormones”
(ectocrines) and due to so-called “allelopathy”. They enable to establish
relationships among species not linked through trophic webs, and even
very distant from one another.

ELEMENTS OF HOMEOSTATIC ORGANIZATION IN BICCOENOSES

On the basis of the considerations presented above, the fellowing
working hypothesis can be considered on homeosiatic mechanisimns
acting within ecosystems.

Hierarchical organization of the biocoenosis is a carrier of hcmeo-
static mechanisme in the ecosystem. This organization consists of four
categories of ecological units: a subsystem, trophic chain, competl‘uve
association, and species (population).

The subsystem involves all biological componenis of the ecosystem
which are cwnirolled by the same trophic substrate, although species
with different trophic specialization can occur within the subsystem.
Each ecosystem is composed of three subsystems.

1. The producer subsystem has a trophic input in the form of
inorganic compounds dispersed in the environment (non-energetic
input) and non-biological energy sources: solar radiation and inorganic
compounds.

2. The saprotrophic subsystem has a trophic input, both material
and energetic, in the form of dead organic matter produced within the
ecosystem and, in some cases, imported from outside (e.g. aquatic
ecosystems in strongly shaded forests).

3. The biotrophic subsystem has the subsystem of producers as
the trophic input. In terrestrial ecosystems this subsystem includes
phytophages and zoophages, which are in trophic relations with phyto-
phages.

The trophic chain (Fig. 1) is a unit of the organization of sapro-
and biotrophic subsystems and, at the same time, the main channel
of energy flow. It is made up of several links corresponding to successive
levels of the number pyramid. The food chains are often accompanied
by a parallel side link consisted of polyphagous species and having
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a regulatory effect on the whole chain. Consequently, a double regu-
latory system functions within the food chain. The first one takes
place among particular links along the food chain. This regulation
acts through the energy transfer from one link to another. The energy
taken by a given link stimulates its development and, simultaneously,
inhibits the development of the preceding link. Since at least all inter-
mediate links, except for extreme, have relationships of a similar
type both on the input and output, each link has a double system of
feedbacks regulating numbers in a given link and the corresponding
energy flow. In many cases the density-dependent factors are sufficient
for number regulation. In the highest links, represented by top pre-
dators, the role of the structure-dependent factors is of greater im-
portance; they act as a regulatory factor of population dynamics when
the density- dependent regulation on the output is lacking.
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Fig. 1. Block diagram of a food chain of biotrophs.
P — producers, H — herbivores, Cl-—C3 — carnivores and parasites, G —
general carnivores and polyphages; solid arrows denote energy flow, dotted
arrows — number (biomass) regulation.

The other regulatory factor within the food chain is the side-link,
which is made up of polyphagous organisms or general predators.
This group exploits all links of the food chain, the highest predatory
impact being exerted on the links with the highest density at a given
time. The processes occurring here can be explained on the basis of
density-dependent actions and learning to select the prey most abun-
dant in the habitat.

Regulation of the energetical type has been described by Slobod-
kin in experimental studies on Daphnia food chains [10]. But the data
presented by this author enable only a preliminary insight into the
role of these processes in the regulation of chain systems since ex-
perimental conditions differ from mnatural conditions. There are many
data on two-species systems of prey-predator type, but the application
of these results is restricted as generally food-chains involve systems
composed of a larger number of components which have not been
analysed yet. The action of the side food chain is illustrated by the
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results obtained for insectivorous birds, which often change their food
spectrum, depending on the actual abundance of particular prey po-
pulations within a food chain. It should be noted that small insectivor-
ous birds have a regulatory effect on other links of the food chain
than, for instance, such predators as spiders and ants have.

Due to the occurrence of the two types of regulatory processes
within a food chain, it can be ecologically considered as an integrated
element which, together with other chains included to the subsystem,
forms an ecological unit of a higher order.

The number of chains involved in a given subsystem is open to
discussion (Fig. 1). The classification of trophic chains within the~
biotrophic subsystem can be based on differences in the relations of
phytophages, i.e. the initial link, to the producer link. The starting
point can be here the way of food intake and its significance for
primary production processes.

The first group consist of ectotrophs — phytophages with biting
mouth-parts. They include vertebrate herbivores and larvae of Lepi-
doptera and Symphyta, as well as the majority of Orthoptera. These
groups feed on green plant parts, which implies that their activity leads
towards the limitation of plant photosynthetic potential, and when the
link of ectotrophs is abundant, it threatens the producer system as
a whole.

The second group comsists of endotrophs — phytophages using
plant material without disturbing the assimilative apparatus. Here are
included small invertebrates, mainly insects with piercing mouth-
parts, e.g., Aphidae, Homoptera-Auchenorrhyncha, and phytophagous
Heteroptera. They often take food directly from vascular bundles and
in this way they become production consumers without disturbing
productive abilities of plants. From the ecological point of view this
is a safe and advantageous type of trophic relationships, characterized
by durability and lack of threat against particular components of this
system.

The third group consists of organisms consuming energy retended
in plants. They use such food-stuff as wood, rhizome, tubers, and
other storing organs of plants. This group also includes xylophages,
some phytophagous Elateridae, and other animals feeding on storing
organs of plants or on fruit. They do not disturb primary production,
nevertheless, they may occasionally largely injure plants so that they
may be dangerous to the plant as a whole (xylophages) or they may
affect plant reproduction.

In critical situations when one of the trophic chains in a subsystem
is limited or excluded, its function can be taken over by the parallel
chain (Fig. 2).

4 http://rcin.org.pl



18 PRZEMYSEAW TROJAN

The competitive association is a basic component of the food chain.
Each link of the food chain contains not only single species, as usually
shown in models of ecological relationships presented in the form of
food chains, but a community of species with the same ecological niche
[5]. Thus, these are species using the same food substrates and ex-
ploited by the same group of predators and parasites. The definition
of the competitive association also determines its position in a partic-
ular link of the food chain. Each species in the competitive association
differs from the others by its environmental adaptations that can be
presented in the form of a curve of ecological tolerance. This curve
characterizes ecological properties and genetic (phenotypic) structure
of the species. Tolerance limits of the association forming links of
a food chain are represented by a curve with a rather large range
(Fig. 3). Due to this, the range of ecological variability in a competi-
tive association is larger, than the variability range of a single species.
Any shift in environmental conditions is followed by a decrease in
the number of these species the ecological optima of which are beyond
the zone of environmental variability, and by an increase in the

a

Fig. 2. Functional shift from a destroyed food chain (a) to a parallel food
chain (b). Symbols as in Fig. 1.
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UNITS OF HOMEOSTATIC ORGANIZATION 19

abundance of these species the optima of which will be within the
range of the actual environmental variability (Fig. 3). In this way,
interactions occurring within the association as a whole have a com-
pensatory character and secure, within a large variability range, the
maintenance of a stable number level in the link. Consequently, they
secure its permeability in the energetical channel such as the trophic
chain.
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Fig. 3. Changes in the association structure as an effect of shifts in the range
of environmental variability.

STRATEGY OF BIOCOENOSIS FUNCTIONING

The maintenance of ecological equilibrium is a basic function that
can be expected in an efficiently functioning biocoenosis. But the
concept of ecological equilibrium is equivocal, and wvarious definitions
of the equilibrium are based on completely different ecological prin-
ciples [12]. The basic feature of balanced biocoenosis is an equilibrium
between production and destruction of organic matter within the
ecosystem. A deviation from the state of balance in these processes is
followed by multidirectional developmental processes always related
to instability of the system as a whole.

Ecosystems are as old as organic life, and the information contained
in them reflects historical experience, firstly related to the struggle
for system stabilization. The state of an ideal ecological equilibrium
cannot be reached, nevertheless the stabilization of a system and the
action of processes enhancing the maintenance of its actual state
are possible, at least from the point of view thermodynamics. The
functioning of each biocoenotic system is based on three strategical
principles:
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1. The principle of matter cycling

Without matter cycling no ecosystem can exist. The blocking of
matter cycling at any ecosystem point creates a situation which threa-
tens its ecological equilibrium, and sometimes it can also result in
an ecological catastrophe. Mechanisms acting within biocoenoses are
firstly adapted to the maintaining of matter cycling.

2. The principle of production optimizing

Homeostatic mechanisms acting in biocoenoses regulate the struc-
ture of autotrophic components in such a way that production can be
near but less than the maximum under variable environmental con-
ditions. Reichle et al. [8] have moticed that in ecosystems there is
a tendency to maintain production at a lower level than can be obtain-
ed as the sum of potential production of all its components.

The primary production has a decisive effect on the total production
of the system. There are many associations within the producer sub-
system, which fill the space and mutually compensate the primary
production. In most developed producer subsystems of the temperate
zone of the Northern Hemisphere, represented by forest ecosystems,
there are five associations: trees, shrubs, herbs, ground layer (mosses
and lichens), algae inhabiting soil surface and tree bark, as well as
epiphytes, mainly lichens. In simplified systems such as crop fields,
the production of the main plant is compensated by weed communities.
When the growth of potatoes is reduced, solar energy used by weeds
compensates for losses in potato production [2]. In alfalfa fic=lds, weed
communities develop after the peak of alfalfa production. As a result,
the period of production is prolonged, and the total production of the
whole field is higher than for only one plant species.

3. The principle of structure preservation

Biocoenosis organization, which is the carrier of homeostatic mech-
anisms, is also an object of the preservative action. All biocoenoses
tend to restore the state of balance. These processes, known as second-
ary succession, lead towards regeneration of the system destroyed
in a catastrophe, for instance, as a result of human activity. Secondary
succession in forest ecosystems can occur for a few decades, while the
primary succession, in which a given system is formed from the beginn-
ing, takes several times longer periods.
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- CONCLUSIONS

1. Mechanisms responsible for ecosystem homeostasis are incor-
porated into the trophic web of the biocoenosis; in addition, this
system is regulated by paratrophic relationships due to which inter-
actions occur among the components not interrelated through food.

2. The ecosystem consists of three subsystems: producers, biotrophs
and saprotrophs. It is difficult to estimate general relationships among
them but in relatively balanced ecosystems the ratio of saprotrophic
to biotrophic transformation is variable. Thus, it may be suggested
that the functioning of the biotrophic component is related to the
functioning of the saprotrophic component, and due to ‘this there are
compensatory interactions among these three components of the
system.

2:3.: In the blotrophlc subsysbem there is a system of trophic chains;
each of them forms an mtegrated system as far as regulation is
concerned.

4. The oompétitive association made up of a group of species with
similar . ecological niche forms each link of the trophic chain. Within
the producer subsystem there are five associations forming a produc-
tive system in which they compensate one another.

5. Functioning of the trophic-competitive organization system as
a homeostatic mechanism consists in:

5.1. Maintenance of a stable number level in the association (link
of the trophic chain) under variable environmental conditions due to
compensatory effect of the number of one species on another.

5.2. Functional replacement of one species by another in the situa-
tion when the ability to transform matter of one of them will be
reduced by stressing factors acting in the ecosystem.

6. Responses observed in ecosystems and related to changes in
number proportions within associations, without limiting their total
numbers, reflect the adaptation of the system to variable environ-
mental conditions.

7. Elimination of any link is followed by disintegration of the whole
trophic chain.

8. If the function of an eliminated chain can be taken over by
a parallel trophic chain of the subsystem, an interchain compensation
occurs in this subsystem, and the system maintains its stability.

b If the function of an eliminated chain cannot be taken over by
another trophic chain, organic matter is accumulated within the eco-
system and the whole system is endangered. This can often result in
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an ecological catastrophe finally leading towards a destruction of the
whole system.
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JEDNOSTKI ORGANIZACJI HOMEOSTATYCZNEJ EKOSYSTEMOW LADOWYCH
STRESZCZENIE

W pracy przedstawiono warunki, jakie powinna speiniaé teoria homeostazy
ekosysteméw oraz metodologiczne przestanki pozwalajace na przedstawienie obiek-
tywnego obrazu homeostazy. Punkt ciezkosci poszukiwan nad mechanizmami
homeostatycznymi powinien spoczywaé na organizacji biocenoz. Odmienng w niej
role odgrywaja rézne gatunki, zaleznie od specyfiki bionomicznej, trwania zycia,
zakresu specjalizacji pokarmowej itp.

Postawiono hipoteze robocza, w my$l ktérej nosnikiem mechanizméw homeo-
statycznych w biccenozie jest hierarchiczna organizacja biocenozy. Wyro6zniono
cztery kategorie jednostek ekologicznych skladajacych sie na te organizacje:
podsystem, lancuch troficzny, zesp6t konkurencyjny i gatunek (populacja). Podano
definicje trzech pierwszych z tych jednostek i oméwiono ich wilasciwosci jako

http://rcin.org.pl



UNITS OF HOMEOSTATIC ORGANIZATION 23

ukladéw ekologicznych zintegrowanych. Szczegélowiej omoéwiono strukture pod-
systemu biotroféw, gdzie mozna podaé wstepna klasyfikacje typéw lancuchéw
pokarmowych wchodzacych w sklad podsystemu. v

Lancuch pokarmowy jako jednostka zintegrowana w wigkszosci przypadkéw
wykazuje zlozong budowe. Obok szeregu ogniw ustawionych jedno za drugim
wzdluz kanalu energetycznego, jakim jest w ekosystemie dany lancuch, znajduje
sie z reguly ogniwo oboczne. W jego sklad wchodzg organizmy polifagiczne lub
drapiezcy niewyspecjalizowani. Podano charakterystyke regulacyjna takich ukla-
déw, ktéra powoduje, ze tancuch troficzny zachowuje sie jak uklad zintegrowany.

W normalnych warunkach w obrebie kazdego ogniwa troficznego znajduje
sie nie pojedynczy gatunex a szereg gatunkéw tworzacych zespét konkurencyjny.
Opisano wilasciwoéci zespolu decydujace o kompensacyjnym oddzialywaniu tego
ukladu w obrebie ogniwa. Zabezpiecza to droznos¢ lancucha troficznego jako
kanalu energetycznego.

Dzialanie mechanizméw homeostatycznych w obrebie ekosystemu prowadzi
do zachowania jego roéwnowagi wewnetrznej, tj. rownowagi miedzy produkcja
a destrukcja materii w ukladzie, Trzy zasady strategiczne okreslaja dzialanie
ukladéw biocenotycznych. Sg to: zasada zachowania obiegu materii, zasada opty-
malizacji produkecji, zasada zachowania struktury.

System jednostek tworzacych strukture troficzng w obrebie ekosystemu, re-
gulowany dodatkowo zwiazkami paratroficznymi, stanowi mechanizm homeosta-
tyczny biocenoz. Posiada on wysoko rozwinigete zdolnosci kompensowania dziala-
nia jednych komponentéw przez inne a w niektérych przypadkach obserwujemy
zastepowanie jednych lancuchéw pokarmowych przez drugie.

EJIMHUILBI TOMEOCTATAUYECKOW OPI'AHM3AIIMM HA3EMHBIX SKOCHCTEM
PE3IOME

B crathe 0OGCYXIEHBI YCIOBHS, KOTOPHIM HOJDKHA OTBEYaTh TEOPHS IOMEOCTa3a Ha3eMHBIX
skocucreM. CTaBATCSA THIOTE3a O TOM, YTO OPraHu3anus GHOLEHO30B BKIIIOYAeT TOMEOCTATHYECKHE
MEXaHA3MBI SKOCHCTEMBI. B €e COCTaB BXOAAT 4eThIpe HEePAPXHUYECKHX KATETOPHH SKOJOTHYECKHX
enuHAL;: cyGchcTeMa, Lellh NMUTaHus, KOHKYPEHTHOe coobmecTBo ¥ momyssoms (sun). IlpuBeneHa
HehuHALES TPeX MepBhIX eIUHHL, OOCYXIeH HX COCTaB M crenuduka QyHKIMOHHPOBAHHSA KAK HH-
TErpHPOBAHHBIX CcHCTeM. LIenoCTHAs skocucTeMa € 3(hOHEKTHBHO JeHCTBYIOIMME TOMEOCTATH-
YeCKHMM MeXaHH3MaMH 001amaeT BHICOKO Pa3BHTOM CIOCOOHOCTHIO KOMICHCAUMH (DYyHKIMOHH-
POBaHHsI ONHAX KOMIOHEHTOB ADYTHMH, a TakXe 3aMeIleHds (QYHKIWA YHAYTOXCHHBIX €IMHHIL
nyTeM pPa3BHUTHS AKTHBHOCTH JIPDYTHX.
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