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Observations on the Feeding Biology of Some
Collembola Under Laboratory Conditions

By
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Introduction

For a long time past, many studies have been conducted on the role of soil
animals in the process of litter breakdown and humus formation. Nevertheless,
there arc still some problems to bo clarified.

It is now agreed that litter inhabitant Diplopods and Isopods have anim-
portant role in the breakdown of litter (DupicH, BarocH and Loksa, 1952;
DuxGER, 1956; 1958; 1964; GERE, 1956; 1959; 1963; BaLocH, 1958; EDwWARDS
and HeEaTH, 1963; vAN DER Drirt, 1964; NacLiTscH, 1965; KEvaN, 1967;
StrIGANOVA, 1959; 197]1; EDWARDS, REICHLE and CrROSSLEY, 1970; McBRAYER
and REercure, 1971; Axprrsown, 1973). It is also known that Lumbricidae
(Kevax, 1967; Zicst, HargiTAal and PoBozsxy, 1970; Loksa and Zicst, 1972;
Vicir, 1974), as well as dipterous larvac (PEREL, KARPACHEVSKY and Ynco-
ROV, 1971) have a special role in the humification of litter. However, this does
not applyv so unambiguously to micro- and mesofauna of the soil. Some authors
are of the opinion that in the humification of litter the mesofauna plays a
similar role to thet of the macrofauna (DvpicH, Bavrocir and Loxsis, 1932;
BarocH, 1958; HARTENSTEIN, 1962; McMILLANY and HrEALEY, 1971; GerE and
GYURJAN, 1972; SZEXTKIRALYT, 1972). However, the role of the mesofauna may
be sccondary, as these animals do not dircctly consume litter leaves but the
fragmented leaves previously contaminated with the excrements of larger
soil arthropods (DuNGER, 1956; 1964; BarocH, 1958; PooLk, 1959; NAGLITSCH,
1965; GERE and GYURJAN, 1972).

According to McBraYER and REICHLE (1971) about 609% of the soil meso-
fauna belong to fungal feeders. In addition to, other authors reported, that
Collembola and soil mites fed on fungi and bacteria (DupicH, Barocu and
Loxsa, 1952; DuNGER, 1956; PooLk, 1959; HARTENSTEIN, 1962; KEvax, 1067
Kxigat and ANGEL, 1967, SiNgH, 1969; CoLEMAN and McciNNis, 1970;Bo6n-
VARSSON, 1971; McMiLLaN and HeaLry, 1971). ENGELMANN (1961) reported
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that Oribatids feeding on fungal mycelia stimulated the productivity of fungi,
which indirectly promoted the decomposition of litter.

The present work is aimed to assess the role of Collembola in the metabolism
of the forest soil. Naturally, it was impossible to deal with all the collembolan
species present in the ecosystem under investigation at once. Thus I selected
two predominant specics, namely Folsomia quadrioculate TuLLb. and Onychiu-
rus subcancellatus GisIN for my examinations.

Three kinds of the naturally present food were made available for the Col-
lembola in the experiment: litter leaves, fungi and excrements of macroarth-
ropods. There is no doubt, that under natural conditions, Collembola have a
wide opportunity to feed on other food materials, still, the three kinds of food
gelected for the present investigation seem the most significant ones.

So that excrements of macroarthropods could be ensured, Collembola was
reared in the laboratory together with the Diplopod Chromatoiulus projectus
VerH. The Diplopod was also reared alone. Thus, if there was a difference in
weight of the diplopodan excrements, then one could conclude that Collembola
had consumed it.

Matherial and methods

Collembola and Diplopoda were collected from a hornbeam — oak mixed forest
near Szendehely (about 50 km. north-east of Budapest). The soil of this forest
is brown forest soil infiltrated with clay. Its botanical characters were described
by Istpy(1974).

Rearing was conducted in unglazed earthen pots (5 em. in diameter and 5
cm. in deep). Known weights of freshly fallen air-dried hornbeam leaves (Carpi-
nus betulus) were placed into the pots. The leaves were selected to be of identical
size and colour. Before placing the experimental animals into the pots, the
leaves were moistened with distilled water. The pots were then covered with
nylon nets of small mesh size (175 micron), to prevent the escape of the ani-
mals. The rearing pots were placed in a large vessel containing sand. The sand
was kept damp by spraying with water every two or three days. GERE (1959;
1962) pointed out that rearing in plant pots creates a good microclimat, as air
and moisture can casily diffuse trough the poros of these pots.

The pots were kept in the laboratory for 30 days at a temperatureof 8 — 11 °C.

Three experimental series were conducted. Ih the first one both species of
Collembola, namely F. quadriocul:tn and 0. subcancellatus, were placed into
separate rearing pots. The number of individuals placed in the pots ranged
between 10 to 40, so that the relationship between loss in littor weight and
the number of individuals could be assessed.

In the second series 1 to 4 individuals of the Diplopod C. projectus, wore put
alone in separate pots. Here the loss in litter weight as well as the quantity of
excrements produced were estimated. It is worthy to note that the quantity of
excrement produced in this series of the experiment is used as control for the
following experimental series.

In the third experimental series 1 to 4 individuals of C. projectus and 10 to 40
individuals of 0. subcancellatus were placed togoether into the same rearing pot.
At the end of the cxperiment the loss in litter weight and the produced excre-
ments of Diplopods were determined.
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By comparing the results if the aboce experimental series some idea may he
formed about the feeding preference of Collembola i. e. wether it prefers feeding
on leaf material or the excrements of Diplopods.

Another set of experiments was conducted to assess the role of microorga-
nisms in the breakdown of litter leaves, and to be used as control. Thus a konwn
weight of leaves was placed into the pots without animals. Unfortunately, by
this set of experiments I was unable to determine the consumed fungi present
on the surface of leaves.

The gut content analysis was also performed for Collembola. The individuals
were placed into 75%, ethyl alcohol, then cleared in lactic acid for 2 to 3 days.
The gut was dissected out on a slide and squashed under a cover slip. The gut
content was then examined microscopically.

Three parallels were conducted for cach series of experiment and the mean
valucs were calculated.

Résults

Table 1 shows the litter breakdown duc to Onychiuris subcancellutus. From
this table it is clear that the litter loss values do not show higher values than
those of the controll experiment (where only litter was placed into the pots).
Besides, there is no realationship between the number of individuals and the
quantity of litter lost.

In the case of Folsomin guadrioculala, altough the quantity of litter lost is
small, there is a certain directly proportional relationship between the number
of individuals and the loss of litter leaves (Table 2).

The data of litter breakdown due to Chromatoiunlus projectus are presented
in Table 3. Irom this table it is apparent that the quantity of litter lost is
directly proportional to the number of individuals and hence to the quantity
of excrements produced. The quantity of litter consumed by 1 individual of
Chrowcioiulus projectus was found to be 2,16 mg/day. GERE (1939), in his
experiments with light-brown and dark-brown oak leaves, estiimated the quan-
tity of leaves consumed by 1 individual of Diplopoda to range between
1,01 — 2,37 mg/day.

Table 4 presents the breakdown of litter by C. projectus and O. sulbcancellatus
together, as well as the quantity of excrements produced by the Diplopods.
If these data are compared with those in Table 3, it appears that the quantity
of consumed leaves is directly proportional to the number of individuals,
This may be attributed to the activity of the Diplopods. Similarly, one can
notice increase in the amount of excrements produced by Diplopods. However,
it should be mentioned here that the ahsolute quantity of excrements is less than
in pots containing only Diplopods (IMig. 1).

Table 5 shows the logs in litter weight due to microorganisms only (in pots
without animals). This, by extracting these values of litter loss from those
obtained in pots containing animals obtains the litter loss only duce to the ani-
mals,

In Table 6 the results of the gut content analysis of Collembola are shown.
Three coliembolan population were examined: the Felsomia population, the
Onychiurus population without Diplopods and the Onychiurus population
reared together with Diplopods. From the first two columns in this table it is
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Excrement of Chromatoiulus
/grl 7 CChromatoiulus

IOnychiurus + Chromatoiulus

00073410 2 2420 4 4+40 Namber of individuals

Fig. 1. The quantity of diplopodan exerenmients in the two sets of experiment

clear that at the end of the experiment ahout one half of the studied population
showed filled guts. My results coincide with those of BODVARRSON (1970).
The materials contained in the gut were: 1. Fungal mycelia were present:

a) only in traces, 6) in large quantity in the gut. — 2. Fungal spores. — 3. High-
er plant material (litter feagments) was prepresent: «) only in traces, b) in
large quantity in the gut. — 4 Unidentifiable amorphous material.

The percentages of the individuals containing the above mentioned materials
in their guts shown in the further colunins of Table 6. '

The analyvsis of the gut content revealed that the fungal mycelia were the
most significant clements present. These vesults are in agreement with those
obtained by other workers (e. g. Poonr, 1959 Kxweur and Axcien, 1967;
Bopvarssox, 1970; McMiniaxy and Hraney, 1971). Ginyore and RAVFENS-
TERGER (1970), in a similar gut content analvses, estimated the quantities of
Jitter and huinns in large collembolan species.

When comparing the results obtained hy the gut content analvsis in the
case of Folsomie with that of Onychiviws (reared without Diplopods) it is

Table 5. Loss of welght @n litter due to microbial activity (control) (in grams)

Weirht of Weight of | | !
air d l:‘d iitte- | completely Weight of Weight of | Loss in
Number | ﬂltl .the " dried litter | air dried completely " wei 11:1 ld e | Mean values
of R { at the | litter at the | dried litter J E "€ lof the parallel
| beginning of | L | i to microbial
samples I the beginning | end of the at the activity samples
_ of the | experiment | experiment wiy
| experiment | expuriment | | | |
e ____I : = £ ! —— I
( |
1 1,0917 [ 1,0262 \ 1,0673 | 10032 | 0,0230
2 | 1,0826 | 1,0176 L0421 | 0,9795 0,0381 0,0351
3 1,0713 1,0070 1 1,0244 , 0,9627 ‘ 0,0443
(




found that the quantity of fungal mycelia in the gut of Folsomia was much
less than in Onychiwrus; on the other hand there are much more litter fragments
than in Onychiurus. This coincides with the results obtained dealing with litter
breakdown data of the two collembolan species (Table 1 and 2), and indicates
that Folsomia quadrioculata contributes little in the disappearence of litter,
while Onychiurus subcancellatus has no role in this process.

Table 6. Results of the gut content analysis of three collembolan populations

Large .
0, - o, ¥ .
ﬁof;)gloal' 9% of Col- ff:‘:,l amount Fungal Sn:;.llt nget Ul;.ldglnm
Popula- m lembola ca of fungal | spores in quantity { amoun lable
p with mycelia R p of litter in| of litter | material
tions with full |. mycelia the gut ' . .
empty in the gut |, the gut |in the gut in the gut
gut in the gut| content
gut content content content content content
Folsomia 54,7 45,83 19,5 37,5 1,2 15,6 7,7 88,4
Onychiu-
rus 1 46,05 53,95 7,2 42,5 - 3,7 5,2 81,4
Onychiu-
rus 2 42,77 57,22 8.1 36,2 1,2 4,4 10,2 79,9

If the results of the gut content analysis of the two Onychiwrus populations
(reared with and without Diplopods respectively) are compared, it can be
observed that the gut of Onychiurus reared with Diplopods contains more litter
fragments than that of Onychinwrus reared without Diplopods. Probably, the
litter consumed by Diplopods is discharged with their excrements. This supports
the resulls of feeding Collembola and Diplopoda together which show, that in
this case the excrements of Diplopoda are much smaller in quantity than that
in of Diplopods reared alone (Fig. 1).

Discussion

As mentioned above, the aim of the present work is primarily to trow light
on the feeding habits of two predominant collembolan species from a hornbeam-
oak woodland. There are numerous different opinions of many authors on the
feeding habits of Collembola. PooLE (1959) stressed that Collembola are not
specialized feeders, since thev can consume any food material available to
them.

t is apparent the results obtained that both species of Collembola under
investigation preferred feeding on fungal mycelia to leaf litter. This preference
was especially noticable in the case of Onychiwrus subcancellutus. Folsomin
quadrioculata plays a small role in the breakdown of litter.

A small amount of Diplopoda excrements was consumed also by Onychiurus
reared together with Diplopods, while it consumed a larger amount of litter
than the individuals reared alone. Inspite of this, Onychiurus su’2ancellatus
prefers fungal mycelia to Diplopoda excrements.

By wav of conclusion one can state that the two investigated euedaphic
collembolan species are pimarily fungal feeders.
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Naturally, these results cannot be generalized for all Collembola, especially
not for the large-bodied epiedaphic species.

It should be mentioned that leaves in a more advanced stage of decay may
Le preferred to those in an initial stage of decay, as were selected for my expe-
riment.

Acknowledgements

1 should like to express my gratitude to Prof. Dr. J. BaLocH for his advice and encouragement.
I am also indebted to Dr. G. GerE, Dr. 1. LoksA and Dr. A. Zicsr for their valauble advice, con-
tinued interest and encouragement throughout the period of my studies. Thanks are also due to
Miss . PaDANYT for her assistance.

ZUSAMMENFASSUNG
Laboratoriumsbeobachtungen der Erniihrungshisnlogie der Collembolen

Dic unter Laboratoriumsverhiltnissen durchgefiihrten crnihrungsbiologischen Untersuchung-
en bezweekten, um festzustellen, welche von den unter natiirlichen Uinstiinden uns zur Verfii-
gung stehenden drei Hauptnahrungsquellen (Fallaub, Makrofauna-Exkrement, Pilzfiden) die
in cinem Hainbuchen-EFichenwald in grofler Zahl lebenden Arten Folsomia quadrioculata und
Onychiurns subcancellatus (Collenibola) bevorzugen. In den Untersuchungen standen dicse drei
Nahrungsquellen der beiden Collembolenart zur Verfiigung., Das Makrofauna-Exkrement lie-
ferte Chromatoiulus projectus.

Aus dem Fxperiment ging hervor, dafl beide Arten i Gegensatz zu den tibrigen Nahrungen
vor allem die Myzelien der Mikropilze bevorzugt haben, dann folgte das lixkrement der Makro-
fauna und crst zuletzt das Fallaub. Folsonda quadrioenlate verzehrte in etwas grofierer Menge das
Fallaub, als Onyehiiorns subeancellutus. Es muld jedoch in Betracht gezogen werden, dafl das zu
den Versuchen benutzte Fallaub zu Beginn des Winters eingesammelt wurde und deshally die
IZrgebnisse nur fiir das in der Anfangsphase des mikrobiologischen Abbaues befindliche Fallaub
eine Giiltigheit haben.
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