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PRODUCTIVE BIOLOGIC GROUPING OF ORGANISMS AND THEIR ROLE 
IN ECOLOGICAL COMMUNITIES

The material and energy supply of ecological communities is characte
rized by incessant series of changes. These changes are connected with material 
respectively the energy flow. Considering that the energy which is used up 
by the members of the communities occurs in a form fixed to the material, 
it is evident that the above mentioned energy and material flow are in close 
correlation with each other. Yet the path covered by them is different after 
all. It is different, because the quantitative distribution in various directions 
o f the material and energy is not proportionate one with the other. Besides, 
having left the ecological community, their destination is different, too. In 
the wake of photosynthesis the material which has gone into the building of 
plant organisms sooner or later decomposes through stages varying in number, 
due to the activity of organisms consuming plants directly or indirectly. On 
the strength of the concept that the decomposed material remains within 
the homogeneous system (ecosystem) consisting of the ecological community 
and its lifeless environment, and as a result of the assimilation of plants starts 
again on its former path, a great number of authors hold that it is in circulation 
within the system. The fact that this phenomenon in this form is valid in a 
different degree in respect to the various kind of decomposition products, and 
holds good rather for the water ecosystems only, should not be disregarded. 
For that ver)· reason t he decomposed material cannot be regarded any longer 
as the property of the ecologieal community, but the possibility of its getting 
back into the same exists, because the material — at least looking at it from a 
more distant perspective — nevertheless performs a circulation. Not so the, 
energy, which enters the system equally by way of photosynthesis, in such a 
manner that in the assimilation products of plants the radiating energy turns 
into potential energy. During the wandering of the material then this 'energy 
leaves the system gradually and definitively. J .  B a l o g h  compares the activity 
of communities from this point of view with that of a hydroelectric power 
plant. “ The flowing water, or more preciseli)·, the kinetic energy of the flow, 
corresponds to the radiating energy entering the life community, the turbine 
that of the material effecting the circulation and the electric energy that of 
the potential energy. The water flows ceaselessly but the wheel whose revo
lution stores fresh and fresher energy, remains the same” [ l ] .

Already from the aforesaid it has become partly clear that the path 
covered by both the material and the energy within the community may be
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essentially divided into ihree main stages, despite the existing divergences. 
Among these the process of entering the community may be considered as 
the first stage and that of leaving it as the third stage. The second main stage 
includes the totality of all those occurrences which take place between the 
first and third stage. This theory can be further developed by ranging, despite 
their complexity, the events taking place in the second stage into two groups. 
One of them is the process of storing the other that of flowing.

When the classification of the organisms of life communities became 
lipicai from the productive biological aspect, the idea suggested itself to effect 
the grouping on the basis of the relationship between the living organisms and 
the three main stages of the material. In the classification the most characte
ristic role played by the single organisms in the direction of the material was 
taken into consideration. The introduction of the material into the community 
is assured by the plants which obtain their nourishment in an autotrophic 
manner. These are therefore called producers. The heterotrophic organisms 
obtain the necessary material through the appropriate channels of the food 
web. In the last instance, however, all the material occurring here, derives 
from the producers and is transfered by their consumption. Therefore these 
organisms are called consumers. Within the food network a special place is 
occupied by the small bacteria and fungi. The decomposition of dead and orga
nic matter not used up by other organisms is effected mainly by them. Accor
dingly they were named reducers.

These denominations, however, especially since the changes occurring 
in the communities are increasingly viewed from the energetic angle, proved 
to leave much to be desired. Our attention was called to these inadequacies 
by R. M a u c h a  [11]. The essence of his observations is that for the primary 
consumers actually the green plants are the producers, but for the predators 
feeding on phytophagous organisms it is the former which may be considered 
as producers, and so on for each member of the food chain it is the preceding 
link of the food chain which fills the part of producer. The term consumer 
is open to criticism because a consuming activity is effected by each living 
organism. The plants for instance decompose their self-produced organic 
matter ; they need it for their life processes. Ultimately the term reducer 
may give rise to misunderstandings, because the decomposition of the organic 
matter is not a reductive but an oxvdating process. On the strength of all the 
above mentioned R. M a u c h a  proposes that in place of producer the term 
constructive organism and instead of consumer, the term accumulative 
organism be adopted, and finally he recommends that the reducers be called 
decomposing organisms. In order to motivate the term accumulative organism, 
M a u c h a  mentions also that the typical producers of waters are the phyto
plankton algae which owing to their small size are less suitable for the storing of 
organic matter. This task can be performed only by the larger heterotrophic orga
nisms. J .  B a l o g h  employs the terms energy fixing, energy accumulating and 
energy liberating to designate the above mentioned three groups of organisms [1].

Thus the reasons for the classification of living organisms into three 
groups has been stated. The inadequacy of the classification consists in the fact 
that only certain salient functions of the organisms are being taken into account. 
In our opinion a more correct basis of grouping, more in accordance with the 
actual conditions, would be obtained, if all the activities of productive biologic 
character of living organisms were taken into consideration. To this effect first
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oi all the plants containing chlorophyll should be studied. It can be ascertained 
that these plants as a result o f their physiological activities play a role in all 
three above mentioned stages of both material and energy flow. Photosynthesis 
has already been mentioned in this relation. They take their share both in the 
accumulation and flowing of the material and energy. Finally they obtain the 
energy needed to their life processes through their decomposing activities.

It. is a well-known fact that besides the plants mentioned above, no 
other living organism is capable to increase the potential energy supply of 
the biocenosis.* Accumulation and transference of material respectively of 
energy, as well as decomposition of material and liberation of energy are, 
however, performed by all of them. From the aforesaid follows that from the 
productivebiologie aspect living organisms can be divided only into two 
fundamental groups. One of the groups includes the green plants i. e. the 
autotrophic organisms which are aptly called constructive organisms by 
R  M a u c h a . T o the other group belong — with the exception of the former — 
all the other members of the living world. For their designation we suggest 
the term transferrer as the most appropriate.

It should be noted that the term storing organism is not employed here 
for designating either the former or any other group. Seeing that storing is 
effected by every organism it is not a distinctive feature of either of them. 
Besides it is possible that the algae, the most characteristic builders of the 
waters — owing to their small size — are not suitable for storing a larger 
quantity of organic matter, and thus a considerable part of the storage is 
performed by those animals which consume them directly or indirectly ; yet 
such a shift in the quantitative conditions of the storage for the benefit of the 
latter organisms occurs mostly only in water communities. The best example 
of the extreme importance of storage by plants is supplied by forest com
munities, where the organic matter supply accumulated by plants is not only 
considerable in quantity but the storage is a lasting one as well.

The designation “ transferrer ’ of the organisms in question is motivated 
because this name, in contrast to “ accumulative”  organism, refers to the 
moving action which the heterotrophic organisms perform with the material 
and energy on by the plants. Albeit the storage of the material and o f 
the energy, as well as its transference are both concomitant with the function 
of all the organisms, nevertheless transference being the more important phase 
should be more emphasized. Just this latter, and the ceaseless changes following 
from it are the most characteristic criteria of the living world, o f communities. 
In view of this aspect, also our attitude to storing should be modified.

By storage in the productionbiologic sense two kinds of processes may 
be meant. The first is performed by such organisms which increase the amount 
of material and energy supply of their organism. In a certain unit of time 
these organisms give out less material respectively energy than is coming 
into them by way of their food. The difference is added to the material and 
energy supply stored in their bodies. Hither can be ranged those organisms 
too, in which the growth of material respectively of energy is connected with 
the process of multiplication. The second form of storage is encountered in 
the case of organisms which do not increase in material and energy. In these

* In this paper we do not intend to deal w ith the ehemosynthetie processes o f 
the organisms. The fact remains, however, that a fter the proper estimation o f  their 
activity, these organisms can be assigned a place in the system set up here.

63



the amount of energy and material given out within a definite period of time 
is identical with or possibly more than that coming into them through their 
food. The storage of such organisms manifests itself solely in preserving partly 
or fully the amount of material and energy built previously into their bodies. 
The former form of storing might be called active and the latter passive stor
age. The storage, however, taken in its original sense, is for the most part 
only apparent. In general there is an interchange between the materials. The 
turn over and the storing activity of some organisms may be compared to a 
stream whose one section has been dammed up to form a pond. The water 
flowing into the pond would appear to correspond to the food coming into the 
body, the water flowing o ff to the material and energy given out by the 
organism, and the mass of water of the pond to the material and energy supply 
of the organism. The ceaseless flow of the water flowing in and off can be 
easily ascertained. On the other hand the pond is in a seeming state of rest 
but closer observation proves that its water is also repeatedly renewed. Of 
the storing activity of living organisms it may ultimately he said that it is 
subject to the material and energy flow. (In the following examples are furnished 
to show how much the quantity of material and energy turned over by the 
single organisms exceeds the quantity of material and energy stored by them.)

It is naturally possible to continue to group the powerful multitude of 
transferrer organisms. To integrate the organisms called originally decomposer 
organisms into separate groups is possible only by taking into account special 
aspects, e. g. the interaction of their dimensions and the metabolic rate or the 
location of their activity. The outstanding feature of the organisms belonging 
here is their insignificant body mass and the generally intense metabolic 
rate. Consequently their decomposing activity might prevail over their storing 
activity. (The annexed table, however, shows that besides bacteria also larger 
animals take part in the action of decomposition.) It is equally their dimen
sions which primarily determine the place occupied by them in the food 
network. Leaving the aforesaid out of consideration the differentiation of 
this group is not motivated from the productive biologic point of view, because 
their part played in the community corresponds in everything to the criteria 
of transferrer organisms.

According to the aforesaid, the act of storing cannot constitute the basis 
o f classification. (The mode of storing, however, will necessarily have to be 
taken into account later when the organisms are grouped.) The grouping 
should be effected in a different manner. G. E. H u t c h i n s o n  and R. L .  L i n d e - 

m a n  [10] distinguish several so-called food layers in the lake communities. The 
constructive organisms belong to the first layer while the other layers include 
the traducer organisms. The layers succeed one after another according to 
the general trend of the nutriment flow, i. e. to the building up of the food 
chain. E. W o y n a r o v i c h  117] and J. B a l o g h  [1] draw a line between the 
organisms according as to wether they feed on living or dead material. Hence 
all layers feeding on living matter get a counterpart as it were a reflected 
image in the layers feeding on dead material. This would seem to be the 
correct classification because it takes into consideration the fundamental 
role played by the different organisms in the marshalling of material and 
energy. The organisms feeding on living material diminish —  not counting 
the material built into their organism —  the living material supply of the 
ecological communities and the energy contained by it. On the other hand
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emphasis should be laid on precisely the opposite role played by the organisms 
feeding on lifeless material. They convert one portion oi' the lifeless material 
into a living one and hence augment the living material and energy supply 
of the biocenosis. Accordingly two groups of transferrer organisms arising 
naturally can be distinguished. According to the suggestion of W oynaro- 

> viCH[17j the term consumer, employed formerly in another sense, should 
be used for the designation of the former. In accordance with Balogh and 
Woynarovieh the latter may be called recuperative organisms, in the energe
tic sense, energy recuperating organisms. It goes without saying that there are 
species or individuals that take their food now here, now there, corresponding 
they should be ranged into the respective group.

It  is worth dealing more extensively with the role played by the con
sumer and recuperative organisms in the communities. I t  is known that ani
mals use their food in three ways, directing it to three material and energy 
paths. One part of the nutritive matter is integrated into their bodies, another 
part passes into the excrements and the third part is transformed —  decom
posed in order to obtain the necessary energy for maintaining their life pro
cesses. In case the decomposition of this latter material is at an advanced 
.stage, only the autotrophic plants are capable to draw them again into the 
material supply of the community. If, however, the decomposing processes 
are still at an initial stage then this material makes essentially for the same 
destination as the excrements and figures subsequently together with it. In the 
present case also the remains of dead animal bodies may be ranged here.
( With green plants t his relation is modified in so far that in their case the second 
energy path is all but exclusively composed of decayed vegetal parts.) As a 
final result every organism is the basis of two main energy paths that can be 
utilized for the community. Accordingly the material and energy flow of 
communities bifurcates in the wake of every link of the chain. One part turns 
into a living another into a lifeless direction. On the strength of the aforesaid 

; two key food chains are built upon both species. The first member of the one 
is an organism feeding on living matter and the first member of the second 
is one feeding one some kind of dead material. The first link of the chain of 
the one —  in the case of organisms feeding on vegetal material—  are the 
phytophagous organisms feeding on green plants, the primary consumers, 
while the second food chain begins with the detritophagous organisms that 
feed on the same decayed plant species. In the case of organisms feeding on 
materials of animal origin the former are called predators and the latter 
coprophagous or necrophagous organisms. In this classification parasites may 
be ranged among the other organisms feeding on living material.

The more initial the stage of the biophagous food chain in which an 
organism is settled the less capable is it to exploit its food, i. e. the more mate
rial and energy get into the excrements. On the other hand it is just these 
organisms which occupy the decisive places in the material turnover system 
o f communities, because their activity exercises an effect on the whole food 
chain built up in their wake. All these prove the immense significance of excre
ments from the view o f productive biology. Several authors have already 
reported on it. Thus W. K ühnelt [8J, J. Van der Drift [15], E. Dudich, 
.1, Balogh, 1. Loksa [3], J. Balogh [1], W. T ischler [14], G. Gere [4] etc.

Some data will be given to illustrate in detail the actual trend of the 
material and energy flow. Let us mention to this effect two important groups
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of primary consumers, i. e. the mammals and the pertinent insect species.
On the basis of t lie report of Лт. К и r e i . e c  [7] it can be calculated that a piglet 
of 50 kilos fed on a good-quality mixed fodder builds into its body 11,5 per 
cent of the dry matter of its food. According to G y . B i r ó  i f  an eight months 
old heifer consumes 1,5 to 2 к feed, 2 to 3 к good hay and 4 to 6 к carrots 
7,4 per cent o f their dry matter is turned into material for their organisms. , 
The material and energy turnover data shown in the annexed table were t, 
taken over from several authors. The data concerning mammals derive from 
the works of I. W e i s e r  and A. Z a i t s c h e k  [16]. It is to be noted that the cited 
authors indicate both the amount of materials built into the organism and 
burnt in metabolic heat together with the corresponding amount of energy 
under the term “ absorption” . The increase in weight of the animals is reported 
in live weight. Therefore additional calculations had to be made which, on 
the one hand, required the knowledge of the total energy content of the 
animals and on the other that of their water content. The former was ascer
tained in approximate values on the basis of M .  R u b n e r ’ s  data [ 1 2 ]  of 
other mammals, while the latter was determined according to the report 
of J. T i l l m a n s  and P. H i r s c h  [13]. A ll the data referring to the caterpillar 
Hyphantria cunea originate from our own examinations.

Table 1

The data prove that a relatively small amount of the material and 
energy turned over is built into the animal body. The amount of material and 
energy that passes into the excrements is always the multiple of the former. 
Even more material passes into the excrement of the animals that feed on 
decayed plants. According to our investigations the dry matter in the excre
ment of the Diplopoda and Isopoda species, that live in the dry fallen leaves 
and parched grass of forests, amounts to 80 to 96 per cent of the dry matter 
in the food consumed by them [4]. But also the fact should be taken into 
account that after a certain time the majority of animals does not increase
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The animal’s 
denomination

Denomi
nation 
of food

Duration 
of the 

investigation

One animal’s data concerning the daily material· 
and energy'C i r c u la t  ion

Consumption 
of food

Built into 
the organism

Left the 
organism with 
the excrements

Used up for 
the life 

pr<x*esses

L a m b
(fem a le )

H a y 6 d a y s

614 g  
(1 0 0 % ) 

2691 Cal. 
(1 0 0 % )

54 g

( 9 % )
289 Cal. 

( H % )

262 g
(4 3 % ) 

1173 Cal. 
(4 3 % )

298 g  
(4 8 % ) 

1229 Cal. 
(4 6 % )

P ig le t
(o f  45 k g )

S orgum
A d a n s 8 d a ys

1666 g  
(1 0 0 % ) 
7706 Cal. 
(1 0 0 % )

144 g
( 9 % )

770 Cal. 
(1 0 % )

395 g  
(2 4 % ) 

1873 Cal. 
(2 4 % )

1127 g  
(6 7 % ) 

5063 C a l. 
(6 6 % )

C a te rp illa r  
o f  H y 
p h a n tr ia  
cunea

L e a f  o f  
A c e r  
X egn n - 
d o

D u ra tion  
o f  th e  
la r v a l 
s tage

T h e  d a ta  con cern in g  th e  w h o le  d u ra tion  
o f  in ves tig a tio n

376,2 m g  
(1 0 0 % ) 

1647,5 cal. 
(1 0 0 % )

46,1 m g  
(1 2 ,2 % ) 

272,7 cal. 
(1 6 ,6 % )

289,5 m g  
(7 7 ,0 % ) 

1168,2 cal. 
(7 0 ,9 % )

40,6 m g  
(1 0 ,8 % ) 

206,7 ca l. 
(1 2 ,5 % )



ils material and energy supply further, hence the material and energy supply 
which might be exploited by the transferrer organisms can be increased only 
by way of the excrements.

Thus a by far unequal amount of material and energy flows through 
t lie two paths which emanate from the primary consumers and the phyto
phagous organisms feeding on decayed plants. Very small is the amount of 
material and energy built into the bodies of organisms viz. stored material, 
in relation to the quantity of material and energy that got into the excrement. 
Very little is known about the fate of the large amount of material and energy 
which passes into the latter. The supposition, however, that the excrement 
serves as nutrient media not for bacteria only, but that also larger-sized ani
mals of the recuperative type exploit them to a large extent is undoubtedly 
justified. This is confirmed also by the extremely interesting report of B. 
Laurence [9]. According to him the biomass of insect larvae developing 
within a year in the cattle dung makes up l/80th part of the weight of the 
dung. Considering that the amount of the excrements produced yearly by a 
cow amounts to about 19 times its weight, it can be calculated that during 
this time an insect population equalling one fifth of the animal’s weight 
develops in the excrements of the animal in question. It must be also taken 
into account that besides insect larvae the excrements serve as food for seve
ral other organisms too. Hence it seems probable that the material and energy 
flow of the communities from the plants towards the animal world accours 
to a large extent through the excrements of phytophagous organisms [5].

It  is evident from the aforesaid that in grouping the organisms on a 
productive biologic basis one more important circumstance should be taken 
into consideration. That is whether the organism in question grows in re
spect of material or of its energy content or whether it has ceased to grow. 
This varies in accordance with the storing activities of organisms. I f  we clas
sify the traducent organisms in this sense, and differentiate within both con
sumer and recuperative type of organisms, then we obtain finally four groups 
of organisms. Thus a distinction is made between organisms grow ing in mate
rial and energy ; i. e. actively storing, and non-growing, i. e. passively storing 
organisms.

In accordance with the aforesaid the main groups of organisms and their 
productive biologic activities might be classified as follows :
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Отдельные авторы, изучающие путь веществ в биоценозе, разделяют этот путь 
на три основные участка. Основой этого разделения является роль отдельных организ
мов в управлении круговоротом веществ. Таким образом различают продуцентов, вклю
чающих вещество в круговорот помощью фотосинтеза, потребителей, добывающих себе 
пищу от упомянутых продуцентов прямым или косвенным путем, и редуцентов —  раз
лагающих органическое вещество и превращающих последнее в неорганическую форму, 
вновь потребляемую продуцентами. Позже, когда исследователи рассматривали проис
ходящие в биоценозах процессы с энергетической точки зрения, вышеприведенная клас
сификация организмов, выполняющих круговращение веществ и энергии, все более 
неполно отражала настоящий характер происходящих в биоценозе изменений. На этот 
факт обратил внимание R . Маис ha, который показал, что в пищевой цепи единокаждое 
предварительное звено по отношению к следующему звену иг рает роль продуцента, а 
потребителями являются все живые организмы. Кроме этого, обратил внимание на воз
можность ошибочного понимания термина редуцент, так как процесс разложения явля
ется не что иным, как окислительным процессом. На основании этого он рекомендовал 
применять вместо термина редуцент —  конструктивный организм, вместо потребителя 
—  запасающий организм, а вместо редуцента —  разлагающий организм. Автор считает, 
что и эта классификация, сохраняющая тройное распределение, основывается только на 
самых заметных функциях живых организмов, и поэтому требует видоизменения с учетом 
всех продукционно-биологических функций организмов. После анализа этих функций 
с продукционно-биологической точки зрения, автор распределяет живые организмы 
только в две группы. В первую группу входят зеленые растения, для которых сохраняет 
название : конструктивные организмы. Вторую группу составляют все остальные члены 
живого мира —  кроме входящих в первую группу организмов. Организмы второй группы 
автор называет трансферентными организмами и указывает на то, что хотя для всех жи
вых организмов общей функцией является как и запасание, так и круговращение веществ 
и энергии, но все-же более важной считается последняя функция и самым характерным 
критерием всех сообществ является постоянное движение, изменение, поток веществ и 
энергии, выражаемые указанной функцией. В последующем автор детально анализирует 
явления запасания и круговращения, а также возможность дальнейшей классификации 
трансферентных организмов. Затем устанавливает критерии классификации, а в конце 
работы приводит полученную таким образом систему в наглядном виде.
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