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ABSTRACT: Population dynamics of two 
bacterial-feeding nematodes Aerobe/aides nanus and 
Dolichorhabditis dolichura in relation to the initial 
food level was studied under laboratory conditions. 
Population density, age structure and selected pro
ductivity parameters of the two nematodes were co
mpared in single and mixed species cultures. 

Initial food (bacteria Sporosarcina sp.) level 
significantly affected population dynamics of A. na
nus and D. do/ichura in the laboratory cultures. 
While A. nanus grew well at the three food levels, 
D. dolichura developed only at the highest initial 
density of food. 

There were significant differences in popula
tion dynamics of both studied species at the highest 
initial density of the bacterial food . In single species 
cultures population peak of D. dolichura occurred 
earlier than that of A. nanus and maximal density of 
D. dolichura was significantly higher than maximal 
density of A.nanus. In mixed cultures population 
maximum was observed at the same time in both 
species and their peak densities were similar. 

Population maximum of A. nanus in mixed 
cultures was observed earlier than in its single cul
tures but the peak density of that species in single 
cultures was significantly higher than in mixed 
ones. Population peak of D. dolichura at the highest 
food level occurred at the same time irrespective of 
the type of culture, while peak abundance of that 

species in mixed cultures was almost 50% lower 
than in single cultures. 

The differences observed in population dyna
mics of the two nematode species were discussed 
with respect to the differences in the food supply of 
their natural habitats and the role they play in the 
processes of decomposition and mineralisation in 
soil. 
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1. INTRODUCTION 

Life-history traits of the two bacterial
feeding nematodes A. nanus and D. dolichura 
studied by Ilieva-Makulec (1997, 2001) 
are obviously only a part of their life-history 
strategy. Knowledge of their feeding biology 
would allow to compare the competitive 
abilities of these species and to understand 
their role in decomposition processes in soil. 
So far, feeding requirements of bacterial
feeding nematodes are poorly understood. 
Some information about the population 
growth rates of bacterial-feeding nematodes 
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as a function of food supply can be found in 
the works of Schiemer (1982a, b, 1983) 
and Venette and Ferris (1998). 

Nematodes from the family Rhabditidae 
(represented in the current study by D. doli
chura) occur in short-lived habitats with tem
porarily high food abundance (Soh 1en ius 
1969b, 1973c, Wasilewska 1974, Yeates 
1981, Kozlowska 1986, Dmowska and 
Kozlowska 1988, Weiss and Larink 
1991, Ettema and Bangers 1993). They 
are called "eusaprobionts" (Par am ono v 
1962) or "enrichment opportunists" i.e. colo
nizers in organically rich soils (Ettema and 
Bangers 1993). In such habitats, with ex
tremely high bacterial activity and high rate 
of decomposition and mineralization, these 
nematodes may account for 90% of the whole 
community (Sohlenius 1973c, Yeates 
1981, Kozlowska 1986). In arable soils 
percent share of these nematodes ranges from 
5-10% (Szczygiel 1966) to 22% (Soh-
1en ius 1973c) while in forest mineral soils 
only 1-1.5% ofnematode fauna belong to the 
genus Rhabditis (Yea tes 1972, Soh lenius 
1973c, Baath et al. 1978). 

Species from the family Cephalobidae 
(represented in these experiments by A. 
nanus) occur in habitats with various food 
supply (Baath et al. 1978, Sohlenius 
1993). Very often they are dominants in 
nematode communities (Wasilewska 
1976, Sohlenius 1996). In grassland soils 
about 10% of all nematodes belong to the ge
nus Aerobe/aides (Sohlenius 1973b), in 
forest soils its percent share was higher -
36% (Sohlenius and Wasilewska 
1984), whereas in arable soil even 44% 
(Soh Ien ius and Sand or 1987). Cephalo
bid nematodes are called "general opportun
ists" and they are rarely replaced by other 
genera during the secondary succession (Et
tema and Bangers 1993). Paramonov 
(1962) called them "devisaprobionts" be
cause unlike to Rhabditidae they are not so 
strongly bound to the saprobic habitat but can 
also be found even in healthy plant parts. 
Some other works also showed the connec
tions of Cephalobidae with the plants 
(Roguska-Wasilewska 1961, Ingham 
et al. 1985, Brussaard et al. 1990, Grif
fiths et al. 1991, 1992). 

Thus, there are distinct differences in 
food supply of the natural habitats in which 
dense populations of A. nanus and D. doli
chura occur. These differences suggest that it 
might be of interest to see the effect of food 

supply on the population dynamics of these 
two species under laboratory conditions . 

The aim of this work was to study and to 
compare population dynamics of A. nanus 
and D. dolichura in relation to the initial level 
of the bacterial food . 

2. MATERIALS AND METHODS 

The experiments were conducted in Petri 
dishes with a diameter of 10 cm. 25 m! of 
0.6% sterile bactoagar (without any nutrients 
to create a situation in which the two nema
tode species would be limited by the abun
dance of available food with time) with a 
known density of a bacteria Sporosarcina sp. 
was poured into sterile Petri plates. Three dif
ferent initial food densities were prepared: 
8x108 colony-forming-units (cfu) ml-1 (high); 
8x107 cfu mJ- 1 (medium) and 8x106 cfu mi- 1 

(low). Each plate was inoculated with 25 
young females of each nematode species. At 
each initial level of the bacterial food the ex
periment was carried out in three variants 
(Table 1). Feeding requirements of A. nanus 
and D.dolichura were studied by culturing 
nematodes separately (single species cul
tures) and together (mixed species cultures). 
The animals used to start the cultures were se
lected randomly from monoxenic cultures of 
the two nematode species with the density of 
a food organism - Sprosarcina sp . - 8x 108 

cfu ml- 1
• The experiments were conducted in 

the darkness at 20 ± 1°C. All experimental 
animals were inoculated at the central part of 
the plates. 

Table I . Experimental design 

Initial density of Initial nematode 

the bacteria Variant density (ind. plate-1) 

Sporosarcina sp. A. nanus D. dolichura 

25High 
2 25(8 x 108 cfu ml-1) 
3 25 25 

I 25Medium 
107 1 2 25(8 x cfu ml- ) 

3 25 25 

25Low 
2 25(8 X I 06 cfu ml- 1) 
3 25 25 

cfu- colony forming units 
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Twice per week all experimental plates 
were uncovered for 30 minutes to be aerated. 
The experiment lasted 49 days. Every seven 
days population numbers of each species 
were determined in 6 replicate plates. As the 
methods used were destructive, enough cul
tures (in total 126 plates) were started to pro
vide material for successive samplings. 

To estimate population production val
ues of the studied species at each sampling 
date about 15-30 juveniles and adults from 
each variant were taken and their length and 
width were measured under the microscope. 
In D. dolichura cultures with medium and 
low bacterial concentrations, because of the 
very low nematode densities, all found indi
viduals were measured. The equation of An
drassy (1956) was used to calculate the 
nematode weight. 

Mean body weight of juveniles and 
adults as well as mean abundance of those 
two development stages in the experimental 
cultures were used to calculate the population 
biomass. 

Data concerning the length and rate of 
reproduction, survival rates of different de
velopment stages (see details in I 1 i e v a
M a ku I e c 2001) as well as data on the den
sity and biomass ofjuveniles and adults from 
that experiment were used to estimate popu
lation production of both studied species at 
the highest food level. The equation of P e
tru sew icz (1967) was used in calculations: 

p = t::J3 + E, 

where: 
P - total population production, 
118 - population production derived 

from the body growth and reproduction i.e. 
change in standing crop of population during 
timet, 

E - elimination i.e. loss of energy en
closed in population biomass as a result of 
deaths . 

Total production ofA. nanus and D. doli
chura populations in the experiment was cal
culated as a sum ofproduction values from all 
successive samplings. 

Production values were converted to en
ergy units assuming dry weight to be 20% of 
fresh weight (Ye ate s 1979) and 1 mg dry 
weight to represent 23 J (N i c h o 1as and 
Stewart 1978). 

The significance of differences between 
means of all studied population parameters 
was estimated with non-parametric Mann
Whitney test (Siege 1 1956). 

An analysis of variance (ANOV A) was 
applied to the density of the two nematode 
species on the effects of food concentration 
(three initial food levels), type ofculture (sin
gle and mixed species cultures) and time of 
the study (7 sampling dates during the study 
period). Analyses of variance were per
formed on all experimental results using the 
Statgraf statistical package. The significantly 
different means (P < 0.05) were separated us
ing Tukey' s Honestly Significant Difference. 

The TJ 2 (so called ratio of correlation) 
was used to describe what proportion of the 
variance in the experimental results can be 
explained by each particular studied factor 
and/or their interactions (B r z e z ins k i and 
S tachowsk i 1984). 

3. RESULTS 

3.1. POPULATION DYNAMICS OF 
A. NANUS 

There were significant differences in the 
population dynamics of A. nanus at different 
initial densities of bacteria Sporosarcina sp. 
The initial food inoculum explained 22% of 
the variance in A. nanus density (Table 2) . 

In both, single and mixed cultures, popu
lations ofA. nanus were the most abundant at 
the highest initial bacterial level (Figs 1 A, 
2A) . The abundance of A. nanus populations 
in single cultures decreased significantly 
with decreasing of the initial density of Spo
rosarcina sp. (Tukey test, P 0.05). However, 
in mixed cultures such a correlation was not 
found . For example, at the lowest initial den
sity of Sporosarcina sp. , A. nanus popula
tions were more abundant than at a medium 
bacterial density (Tukey test, P 0.05) . 

At the highest initial level of Sporosar
cina sp. A. nanus population peak was ob
served 35 days after the beginning of the 
experiment in single cultures and on 28th day 
in mixed cultures . At medium bacterial den
sity, maximal density ofA. nanus was noticed 
7 days later - on 42"d and 35th day, respec
tively in single and mixed cultures . After the 
peak, the abundance ofA. nanus decreased ir
respective of bacterial level and type of cul
tures (Figs lA, 2A). 

The population growth pattern of 
A. nanus significantly differed between its 
single and mixed cultures at the same initial 
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Table 2. Results from three-way ANOV A for A. nanus population density at three initial food levels, two types 
of cultures and 7 sampling dates during the study period 

Source of variation: ss d.f MS F* 112 (%) 

Initial food level (IFL) 6015132 2 3007565.9 153.45 22 

Culture type (C) 853422 I 853421.5 43 .54 3 

Time (T) 7722433 6 1287072.1 65.67 28 

Interactions: 

IFL X c 549986 2 274993.0 14.03 2 

IFL X T 4609781 12 384148.4 19.60 17 

c X T 3199062 6 533177.1 27.20 12 

IFL X C X T 3726803 12 310566.0 15.85 14 

Error 624321 210 2972.9 2 

*-all results were significant at P < 0.00 I 

11 2 
- ratio of correlation- describes what proportion of the variance in the experimental results could be explained 

by studied factors 
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Fig. 2. Population dynamics of A. nanus (A) and D.Fig. I. Population dynamics of A. nanus (A) and 
D. do/ichura (B) at three initial food levels in single dolichura (B) at three initial food levels in mixed 

species cultures (mean densities± S.D.), species cultures (mean densities± S.D.). 
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level of bacterial food (Table 2, P < 0.05) . 
Furthermore, A. nanus populations at high 
and medium bacterial level were more abun
dant in single than in mixed cultures (Tukey 
test, P < 0. 05). The abundance of A. nanus 
was similar in single and mixed cultures only 
at the lowest bacterial density. 

The presence of the second nematode 
species (D. dolichura) in cultures influenced 
the time when the maximum of A. nanus 
population was reached. At both initial levels 
of bacterial food - high and medium, the 
population maximum of A. nanus in mixed 
cultures was observed 7 days earlier than in its 
single cultures. However, the peak abundance 
ofA. nanus in single cultures was significantly 
higher than in mixed ones (Mann-Whitney 
test, P < 0.05) (Figs lA, 2A). 

3.2. POPULATION DYNAMICS OF 
D. DOLICHURA 

It was found that initial density of bacte
rial food influenced significantly the popula
tion growth of D. dolichura. The results of 
ANOV A presented in Table 3 indicate that 
food inoculum explained almost 40% of the 
total variance in D. dolichura density. 

Unlike A. nanus, population growth of 
D. dolichura at medium and low initial food 
levels was negligible (Figs lB, 2B). In both, 
single and mixed cultures, D. do/ichura 
abundance was significantly higher at the 
highest in comparison to the other two levels 
of the bacterial food (Tukey test, P < 0.05). 

Population development pattern of D. 
dolichura differed significantly between its 
single and mixed with A. nanus cultures at the 
same initial bacterial level (P < 0.05). 

The abundance of D. dolichura at the 
highest bacterial density was significantly 
higher in single than in mixed cultures 
(Tukey test, P < 0.05). In the two species cul
tures D. dolichura populations peaked the 
same day (after 28 days) that did D. dolichura 
cultured alone, but peak population abun
dance of that species in mixed cultures was 
almost 50% lower than that in the single cul
tures (Mann-Whitney test, P < 0.05) . After 
the peak the abundance of D. dolichura con
tinuously decreased till the end of the experi
ment 

It was difficult to assess the effect of me
dium and low bacterial level on D. dolichura 
population growth because of the very low 
abundance of that species in these cultures 
(Figs lB, 2B). 

3.3. A COMPARISON OF THE 
POPULATION DYNAMICS, AGE 
STRUCTURE, BODY LENGTH 

AND PRODUCTIVITY OF A. NANUS 
AND D. DOLICHURA 

There were significant differences in 
population dynamics of both studied species 
at the same initial density of bacterial food 
(Figs 1, 2) . It was found that only at the high
est bacterial level and only the single popula
tions of D. dolichura were more abundant 
than the single populations of A. nanus 

Table 3. Results from three-way ANOVA for D. dolichura population density at three initial food levels, two 
types of cultures and 7 sampling dates during the study period 

Source of variation : ss d.f MS F* 11 2 (%) 

Initi al food level (IFL) 19684043 2 9842021.0 831.53 41 

Culture type (C) 805464 I 805464.3 68.05 2 

Time CD 7556215 6 1259369.1 106.40 16 

Interactions : 

IFL X c 1502891 2 751445.4 63.49 3 

IFL X T 15079438 12 1256619.8 106.17 31 

c X T 1008531 6 168088.6 14.20 2 

IFL X c X T 1974178 12 164514.8 13 .91 4 

Error 653434 210 311.6 
• - all results were significant at P < 0.00 I 
11 2 - ratio of correlation - describes what proportion of the variance in the experimental results could be explained 
by studied factors 
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(Tukey test P < 0.05). In all other variants, A. 
nanus populations were significantly more 
abundant than the populations of D . doli
chura (Tukey test, P < 0.05). 

At the highest bacterial density in single 
species cultures, population peak ofA. nanus 
was noticed later (on 35th day) than in D. doli
chura (on 28th day). Maximal density of 
D. dolichura was significantly higher than 
maximal density ofA. nanus (Mann-Whitney 
test, P < 0.05) . After the peak, population 
density of D . dolichura decreased more rap
idly than the density of A. nanus and the 
nematode density at the end of the experi
ment in comparison to the peak density was 
82 and 72% lower for D. dolichura and 
A. nanus, respectively (Figs lA, 2A). 

In mixed cultures with high initial level 
of Sporosarcina sp. population maximum 
was observed at the same time in both studied 
species (after 28 days). By contrast to the sin
gle cultures peak densities of A. nanus and 
D. dolichura in mixed cultures were similar 
(P < 0.05) . The decline phase which occurred 

Initial food level : 
A high 

medium 
8 

c low 

after the peak was again much more pro
nounced in D. dolichura than in A. nanus. At 
the end of the experiment the abundance de
pression was 49% for A. nanus and up to 91 % 
for D. dolichura populations (Figs lB, 2B). 

It was found that in both types ofcultures 
juvenile forms dominated in A. nanus popula
tions. Their percent share varied between 68 
and 93% of the total density and no signifi
cant differences in different trials were found 
(Figs 3A, B, C and 4A, B, C). 

Juvenile forms dominated also in popu
lations of D. dolichura at the highest initial 
bacterial leveL Their percent share was very 
high during the whole experiment but espe
cially when population peak was observed -
96 and 94% of the total density in single and 
mixed cultures respectively (Figs 3D and 
4D). At medium and low food levels the 
situation was not so clear, in some observa
tions significantly higher percent of adult 
forms was found while in the others juveniles 
were the only age group noticed in the D. do
lichura populations (Figs 3E, F and 4E, F). 

D 

E 

F 

14 21 28 35 42 49 14 21 28 35 42 49 

Days Days 

D Juveniles D Adults 

Fig. 3. Age structure of A. nanus (A, B, C) and D. dolichura (D, E, F) populations in single species cultures at 
three initial food levels . 
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Initial food level: 
A high D 

B medium E 

c low F 

14 21 28 35 42 49 7 14 21 28 35 42 49 

Days Days 

D Juveniles D Adults 

Fig. 4. Age structure of A. nanus (A, 8 , C) and D. dolichura (D, E, F) populations in mixed species cultures at 
three initial food levels. 

The age structure of D. dolichura and A. more juveniles were found in D. dolichura 
nanus populations did not depend on the than in A. nanus populations in later observa
presence ofthe second species in the cultures. tions (Figs 3A, D and 4A, D). 

During the first 14 days of the experi It was found that females ofthe two stud
ment in both, single and mixed cultures more ied species 14 days after the beginning of the 
juveniles were found in A. nanus as compared experiment were longer than the females 
to D. dolichura populations. In contrary, found after 49 days of culturing (Table 4). 

Table 4. Body length (in Jlm) of A. nanus and D. dolichura females (mean ± SD) in single (A) and mixed (B) 
species cultures at three different initial food levels 

A. nanus D. dolichura 

Days of culturing Initial food level Initial food level 

High Medium Low High Medium Low 

(A) 

14 days 457.5±24.8 440.6±9.4 440.0±0.7 834.5±140.2 775.0±33.2 780.0±15.4 
49 days 398.5±9.6 425.6±13.2 420.0±14.6 777.5± I00.7 

(B) 

14 days 476.3±17 .7 491.9±62.9 476.6±30.1 870.0±50.2 715.0±10.4 798.0±13.4 
49 days 402.8±23.4 401 .6±35.6 412.5±26. I 780.0±32.1 

- no females were found 
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Table 5. Production values* (p.g wet weight) of A. nanus and D. dolichura populations in single and mixed 
1species cultures with initial density of bacteria Sporosarcina sp. of 8x I 08 cfu mr • In brackets energy 

equivalents (in J) are given. 

Culture Population E M3 p Pili 

379.09 275.56 654.65 13.25
A. nanus (1.74) (1 .27) (3.01) 

Single 
1141.21 424.07 1565.28 24.02

D. dolichura (5.25) ( 1.95) (7.20) 

361.74 283.93 645.67 8.08 
A. nanus ( 1.66) ( 1.31) (2.97) 

Mixed 
651.09 328.35 979.44 19.14

D. dolichura (3.00) ( 1.51) (4.51) 

* - sum from seven successiv~ measurements, E - elimination, M3 - change in stan~ng crop of population during 
timet, P - total production, PIB - production turnover or relative productivity, where B - mean population biomass. 

The differences in nematode body length 
from these two observations were significant 
(P < 0.05) in all mixed cultures of the two 
species and only in those single cultures of 
A. nanus where the highest bacterial inocu
lum was applied (Table 4). 

Total production values of A. nanus 
populations were similar in both types ofcul
tures . However, total production values of 
D. dolichura grown alone were higher than 
when it was grown together with A. nanus 
(Table 5). 

Absolute production values of D. doli
chura were higher than values ofA. nanus in
dependent on the type of cultures (Table 5). 

The ratio PIB of the both studied species 
was higher in their single cultures than in 
mixed cultures . It was found that the produc
tion turnover was faster in D. dolichura than 
in A. nanus independent on the type ofculture 
(Table 5) 

4. DISCUSSION 

4.1. NEMATODE POPULATION 
DYNAMICS AS AFFECTED BY FOOD 

ABUNDANCE 

The results of this study confirmS c hie
mer's findings (1982a, b, 1983) about food 
dependence of bacterial-feeding nematodes. 
According to Shiemer there is a critical 
threshold of food supply below which no in
dividual and population growth is observed. 

Both studied species appear to be uni
formly affected by the food concentrations. 
The highest populations of A. nanus and D. 
dolichura were found at the highest initial 
food level. However, the fact that in the pres
ent study D. dolichura population developed 
only at the highest of three initial densities of 
the applied bacteria, indicates higher require
ments of that species in respect to the food 
supply. The two other initial concentrations 
of Sporosarcina sp. - 106 and 107 cfu ml- 1 

(medium and low) are undoubtedly close to 
the critical threshold characteristic for that 
species . It seems that such food densities are 
sufficient for covering metabolic costs, but 
not the growth and reproduction of D. doli
chura. 

The lowest food concentration at which 
growth and reproduction of bacterial-feeding 
nematodes are observed is different for dif
ferent species. For example for Caenorhabdi

108 1tis briggsae it lies above cfu ml-
(Nicholas et al. 1973, Schiemer 1982a, 
b) while for the Plectus palustris it is below 
108 ml- 1 (S chiemer et al. 1980). Feeding 
requirements of D. dolichura were similar to 
those of some other species of Rhabditidae: 
Pelodera sp. (Marchant and Nichola s 
1974), Caenorhabditis elegans (C ro 11 1975) 
and Rhabditis curvicaudata (Woo m b s and 
Laybourn-Parry 1984). A. nanus in the 
present experiments showed a lower food de
pendence than D. dolichura. The fact that 
populations of A. nanus developed at the 
three applied food concentrations shows its 
ability for adaptations to such a food supply 
which is insufficient for D. dolichura. 
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My finding that females of both studied 
species at the end of the experiment were 
shorter than the females at the beginning is in 
agreement with the results of other authors -
Chuang (1962), Sohlenius (1969b, 
1973b) and Popovici (1973). These 
changes in the body length are probably con
nected with the decrease of food supply dur
ing the experiment. As food concentrations 
are reduced, growth rates of individuals de
crease and maturation time increases; animals 
tend to mature at a smaller body size. Similar 
results were obtained when life cycles of those 
two species were studied in xenic and mon
oxenic agar cultures (11 i e v a- M ak u 1e c 
2001). 

According to Sohlenius (1969a, b) 
some common features in population growth 
of bacterial-feeding nematodes can be found. 
Usually the period of slow increase in num
bers at the beginning is followed first by the 
period of an exponential growth and than the 
period of decrease of population density. 
Population dynamics ofthe two species in the 
present study showed great similarities with 
that pattern. 

Population dynamics ofD. dolichura was 
similar to that of Rhabditis oxycerca observed 
by Marinari Palmisano and Turchetti 
(1975) in monoxenic cultures with other 
Gram-positive bacteria- Bacillus subtilis. The 
population maximum of those two nematode 
species was observed at about the same time 
after 25 days for R. oxycerca and after 28 days 
for D. dolichura. Unlike D. dolichura, the 
density of R. oxycerca did not decrease so fast 
after the peak and it remained at a high level up 
to 60th day of the experiment. 

In comparison to D. dolichura some 
other species from the families Rhabditidae 
and Diplogasteridae reached their population 
maximum earlier - Pelodera teres in 8-10 
days, Mesodiplogaster biformis and Dip/a
gaster nudicapitatus in 10-12 days and 
Rhabditis terricola in 12-15 days (Soh
I eni us 1969b). 

Population peak of A. nanus in monoxe
nic cultures with Sporosarcina sp. (in the 
present study) and in cultures with E. coli 
(Pop o vi c i 1973) occurred approximately 
at the same time, after 35 and 40 days, respec
tively. In the cultures with E. coli, Soh
len ius (1973a) observed the highest growth 
rate ofA. nanus population in 35 and 40 days, 
while the population maximum occurred till 
after 53 days. Thomas (1965) observed sev
eral peaks in the population dynamics of Ac-

robeles complexus and the last of them oc
curred on 80th day of the experiment. 

The distinct differences in population 
dynamics of both species are probably due 
not only to their different feeding require
ments but also to their different pattern of 
colonising the Petri plates. Direct observa
tions indicated that A. nanus has stronger ten
dencies to aggregate on the agar surface, 
while D. dolichura moved and dispersed 
faster over the surface. The ability ofAcrobe
loides sp. to form reproductive spots was ob
served by Jairajpuri and Azmi (1977) . 
Hence, it seems that in my experiment just 
exactly that ability to make aggregates per
mitted the individuals of A. nanus to over
come the initial environmental resistance due 
to the dense bacterial growth. It was possible 
because, as Hanschke et al. (1969) (cited 
afterS oh 1en ius 1988) found, individuals in 
a group of nematodes can excrete some 
exoenzymes, which suppress bacterial 
growth. In such a way, group effects were 
probably of greater importance for the estab
lishment ofthe A. nanus populations because, 
as it is known, the nematodes from the genus 
Acrobeloides do not tolerate high density of 
bacterial food (Sohlenius 1973b, 1993, 
B aa th et al. 1978). The fact that in mixed 
cultures A. nanus peaked earlier then in its 
single cultures suggests that the presence of 
D. dolichura (using the same source of food) 
also had an additional beneficial effect on 
A. nanus at the beginning ofthe experiment. 

Population dynamics of both studied 
species differed much more between their 
single than in mixed cultures and it was oppo
site to the situation observed by Soh I en ius 
(1988) where two species of the genus Pana
grolaimus were studied. 

Populations of A. nanus and D. doli
chura were more abundant in single than in 
mixed cultures . These findings are in line 
with the results of Sohlenius (1988) . 
Probably the presence of two nematode spe
cies using the same food source leads to a 
faster decrease of food supply in mixed cul
tures than in single cultures. 

4.2. POPULATION AGE STRUCTURE 
AND FOOD A V AILABILITY 

The competitive abilities and coexis
tence of nematode species in a food limited 
habitats depend not only on differences in 
their survival rates but also on the age struc
ture of nematode populations. 



132 K. Ilieva-Makulec 

The results concerning the age structure 
of D. dolichura populations at the highest 
bacterial concentration and ofA. nanus at all 
three applied bacterial densities were similar 
with the microcosm observations of Ander
s on et al. (1981) and with the field studies of 
Kozlowska (1967) and Wasilewska 
(1967). According to Wasilewska (1967) 
characteristic for eusaprobionts (mainly 
nematodes from Rhabditidae and Diplogaste
ridae to whom D. dolichura belongs) is very 
high percent share ofjuveniles (90-96.8%) in 
their populations. The same author found a 
lower percent share of juveniles in the popu
lations of the devisaprobionts (mainly 
Cephalobidae and Panagrolaimidae) - from 
66 to 72.4%. In the studies ofKozlowska 
( 1967) juvenile and adult forms from Rhabdi
tidae and Diplogasteridae constituted 97.5 
and 2.5%, respectively while the same age 
groups belonged to Cephalobidae accounted 
for 78 and 22%, respectively. In a microcosm 
study percent share of adults in A. nanus 
populations ranged between 24 and 30% 
(Anderson et al. 1981). 

The age structure ofD. dolichura popu
lations at medium and lowest bacterial con
centrations differed significantly from the 
pattern described above. The observed pro
nounced fluctuations of the ratio between 
adults and juveniles could be explained by 
very low growth and reproduction rates of 
D. dolichura in such, probably unfavourable, 
food conditions. 

4.3. NEMATODE POPULATION 
PRODUCTIVITY AND FOOD SUPPLY 

The ratio PIE (i .e. turnover or relative 
productivity) for D. do/ichura populations 
(24 and 19.1 , respectively in single and 
mixed cultures) and for A. nanus (13.3 in sin
gle cultures) was higher than the PIE value 
obtained in natural conditions by Sohlenius 
( 1979) for the whole nematode community 
(7 .8) and also for the group of bacterial
feeding nematodes (9 .3). Only the production 
turnover of A. nanus in mixed cultures (8 .1) 
was similar to the results of Soh I en ius 
(1979). 

5. CONCLUSIONS 

The obtained results show pronounced 
differences between the two studied bacte-

rial-feeding nematodes A. nanus and D. doli
chura when their population growth parame
ters in relation to initial food level was 
studied. According to Schiemer (1983) dif
ferences in the species reaction to food sup
ply could explain their occurrence and/or a 
probable species succession in a changeable 
environment. The results from many studies 
showed that species from the two families 
Rhabditidae and Cephalobidae were the first 
nematode colonizers of the sites where de
composition processes occurred. However, 
some authors (B aa th et al. 1978, Was i
lewska et al. 1981, Sohlenius and Wasi
lewska 1984, Wasilewska and 
Bienkowski 1985, Griffiths and Caul 
1993, Griffiths et al. 1994) found that in 
some cases the decomposition was connected 
with the domination of rhabditid, while in 
others cases (Wasilewska 1979, Santos 
et al. 1981, Sohlenius and Bostrom 
1984, Pradham et al. 1988, Griffiths et 
al. 1993) with cephalobid nematodes. Ac
cording to South ey ( 1982), the pronounced 
dominance of Rhabditidae among bacterial
feeding nematodes is an evidence for decom
position of fresh organic material in wet habi
tats . Bouman et al. (1993) found that the 
dense populations of Rhabitidae were con
nected with short-term but intensive miner
alization, while the occurrence of 
Cephalobidae with more stable rates of min
eralization processes. Present results follow
ing Ettema and Bongers (1993) allow for 
including D. dolichura to the group of "en
richment opportunists" i.e. species of organi
cally rich habitats and A. nanus to the group 
of "general opportunists". 

In spite of the obvious limitations to 
laboratory experiments such as that described 
it is possible to state that, under conditions of 
the experiment, initial food level does exert 
strong influence on population dynamics of 
the two studied nematode species. 

6. SUMMARY 

Life-history traits of the two bacterial-feeding 
nematodes Aerobe/aides nanus and Dolichorhabdilis 
dolichura studied by 11 ieva-Maku lee (1997, 2001) 
are obviously only a part of their life-history strategy. 
Knowledge of their feeding biology would allow to 
compare the competitive abilities of these species and 
to understand their role in decomposition processes in 
soil. 
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Population dynamics of two bacterial-feeding 
nematodes A. nanus and D. dolichura in relation to 
the initial food level was studied under laboratory 
conditions (Table 1). Population density, age structure 
and selected productivity parameters of the two nema
todes were compared in single and mixed species cul
tures. 

Both studied nematode species appear to be sig
nificantly and uniformly affected by the food concen
trations (Tables 2 and 3, Figs 1 and 2). The highest 
populations of A. nanus and D. dolichura were found 
at the highest initial food level. But, while A. nanus 
grew well at the three food levels, D. dolichura deve
loped only at the highest initial density of food. That 
fact, indicates higher requirements of D. dolichura in 
respect to the food supply. 

There were significant differences in population 
dynamics of both studied species at the highest initial 
density of the bacterial food (Figs 1 and 2). In single 
species cultures population peak of D. dolichura oc
curred earlier than that of A. nanus and maximal de
nsity of D. dolichura was significantly higher than 
maximal density of A. nanus. In mixed cultures popu
lation maximum was observed at the same time in 
both species and their peak densities were similar. 

Population maximum of A. nanus in mixed cul
tures was observed earlier than in its single cultures 
but the peak density of that species in single cultures 
was significantly higher than in mixed cultures. Popu
lation peak of D. dolichura at the highest food level 
occurred at the same time irrespective of the type of 
culture, while peak abundance of that species in mi
xed cultures was almost 50% lower than in single cul
tures (Figs 1 and 2). 

The distinct differences in population dynamics 
of both species are probably due not only to their dif
ferent feeding requirements but also to their different 
pattern of colonising the Petri plates. Direct observa
tions indicated that A. nanus has stronger tendencies 
to aggregate on the agar surface, while D. dolichura 
moved and dispersed faster over the surface. It seems 
that in my experiment just exactly that ability to make 
aggregates permitted the individuals of A. nanus to 
overcome the initial environmental resistance due to 
the dense bacterial growth. The fact that in mixed cul
tures A. nanus peaked earlier then in its single cultures 
suggests that the presence of D. do/ichura (using the 
same source of food) also had an additional beneficial 
effect on A. nanus at the beginning of the experiment. 

The differences observed in population dyna
mics (Figs 1 and 2), body length of females (Table 4), 
age structure (Figs 3 and 4) and productivity (Table 5) 
of the two nematode species could be explained by the 
differences in the food supply of their natural habitats 
and the role they play in the processes of decomposi
tion and mineralisation in soil. 

7. REFERENCES 

Anderson R. V. , Col em an D. C., Cole C. V., El
l iott E. T . 1981 -Effect of the nematodes Aero
be/aides sp. and Mesodiplogaster lheritieri on 
substrate utilization and nitrogen and phosphorus 
mineralization in soil- Ecology, 62: 549-555. 

Andn:issy I. 1956- Die Rauminhalts und Gewichts
bestimmung der Fadenwiirer (Nematoden) - Acta 
Zoo!. Acad. Sci. Hung. 2: 1-15. 

BHth E., Lohm U., Lundgren B., Roswall T., 
Soderstrom B. , Sohlenius B. , Wiren A. 
1978 - The effect of nitrogen and carbon supply 
on the development of soil organism populations 
and pine seedlings: a microcosm experiment - Oi
kos, 31: 153- 163. 

Bouman L. A., Hoenderboom G. H. J. , van 
Klinken A. C., de Ruiter P.C. 1993 - Effect 
of growing crops and crop residues in arable fields 
on nematode production (In: Integrated Soil and 
Sediment Research: A Basis for Proper Protection 
Eds H. J. P. Eijsackers, T. Hamers)- Kluwer Aca
demic Publishers, Dordrecht, pp. 127- 131. 

Brussaard L., Bouwman L. A., Geurs M. , Has
sink J., Zwart K. B. 1990- Biomass, composi
tion and temporal dynamics of soil organisms of a 
silt loam soil under conventional and integrated 
management - Neth. J. Agric. Sci. 38: 283-302. 

B rzezi nski J., S tac how ski R. 1984- Zastosowa
nie analizy wariancji w eksperymentalnych bada
niach psychologicznych [Applying of analysis of 
variance in psychological investigations] - PWN. 
Warszawa (in Polish). 

Chuang S. H. 1962- The embryonic and post-em
bryonic development of Rhabditis teres (A . 
Schneider) - Nematologica, 7: 317- 330. 

C roll N. A. 1975 - Components and patterns in the 
behaviour of the nematode Caenorhabditis e/e
gans - 1. Zoo!. Lond. 176: 159-176 

Dmowska E., Kozlowska J. 1988 - Communities 
of nematodes in soil treated with semi-liquid ma
nure- Pedobiologia, 32 : 323- 330. 

Ettema C. H., Bangers T. 1993 - Characterization 
of nematode colonization and succession in distur
bed soil using the Maturity Index - Bioi. Fertil. 
Soils, 16: 79-85. 

Griffiths B. S. , Caul S. 1993- Migration of bacte
rial feeding nematodes, but non protozoa to deco
mposing grass residues - Bioi. Fertil. Soils, 15 : 
201-207. 

Griffiths B. S., Ekelund F., Ronn R., Chri
stensen S. 1993 - Protozoa and nematodes on 
decomposing barley roots - Soil Bioi. Biochem. 
25 : 1293-1295. 

Griffiths B. S., Ritz K. , Wheatley R. E. 1994 -
Nematodes as indicators of enhanced microbio
logical activity in a Scottish organic farming sy
stem - Soil Use Manage. 10: 20--24 . 



134 K. Ilieva-Makulec 

Griffiths B. S., Welschen R., van Arendonk J. 
1. C. M., Lambers H. 1992 - Theeffectofnitra
te-nitrogen supply on bacteria and bacterial-fee
ding fauna in the rhizosphere of different grass 
species - Oecologia (Berl.), 91: 253-259. 

Griffiths B. S. , Young I. M., Boag B. 1991 - Ne
matodes associated with rhizosphere of barley 
(Hordeum vulgare) - Pedobiologia, 35: 265-272. 

Ilieva-Makulec K. 1997- Por6wnanie strategii 
zyciowej dw6ch gatunk6w nicieni bakteriofagicz
nych- Acrobeloides nanus (de Man 1880) Ande
rson 1968 i Dolichorhabditis dolichura (Schneider 
1866) Andnissy 1983 w warunkach laboratoryj
nych [Comparison of the life strategies of two 
bacterial-feeding nematodes Acrobeloides nanus 
(de Man 1880) Anderson 1968 and Dolichorhab
ditis do/ichura (Schneider 1866) Andnissy 1983 
under laboratory conditions] Thesis. Institute of 
Ecology PAS, Dziekan6w Lesny (in Polish). 

Ilieva-Makulec K. 2001-A comparative study of 
the life strategies of two bacterial-feeding nemato
des under laboratory conditions I. Influence of cu
lture conditions on selected life-history parameters 
of Aerobe/aides nanus (de Man 1880) Anderson 
1968 and Dolichorhabditis dolichura (Schneider 
1866) Andnissy 1983 - Pol. 1. Ecol. 49:29-43 . 

Ingham R. E., Trofymow 1. A., Ingham E. R., 
C o I em an D. C. 1985 - Interactions of bacteria, 
fungi , and their nematode grazers : effects on nu
trient cycling and plant growth - Ecol. Mono
graphs 55 : 119- 140. 

Jairajpuri M. S., Azmi M. I. 1977 - Reproductive 
behaviour of Acrobeloides sp. - Nematologica, 
23: 202- 212. 

Kozlowska 1. 1967 - Soil nematodes fauna occur
ring in the 1adwisin fields near Warsaw and the 
effect of environmental conditions on them -
Ekol. Pol.l5: 443-485. 

Kozlowska J. 1986 - Communities of soil nemato
des in grassland ecosystems periodically flooded 
with pig liquid manure - Pol. Ecol. Stud. 12 
(1 - 2) : 137- 145 . 

Marchant R. , Nicholas W. L. 1974 - An energy 
budget for the free-living nematode Pelodera 
(Rhabditidae)- Oecologia (Berl .), 16: 237-252. 

Marinari Palmisano A., Turchetti T. 1975-
Azione di unnematode saprofago in rapporto 
all'antagonismo di Bacillus subtilis (Cohn) Pra
zmowski verso Fusarium so/ani Mart. [The role 
of a saprobic nematode in the antagonism of Ba
cillus subtilis to Fusarium so/ani] - Estratto da 
Redia, 56: 117- 134 (in Italian). 

Nicholas W. L., Grassia A., Viswanathan S. 
1973 - The efficiency with which Caenorhabditis 
briggsae (Rhabditidae) feeds on the bacterium Es
cherichia coli - Nematologica, 19: 411-420. 

Nicholas W. L., Stew art A. C. 1978- The calori
fic value of Caenorhabditis elegans (Rhabditidae) 
- Nematologica, 24: 45- 50. 

Paramonov A. A. 1962 - Osnovy fitohelmintologii. 
I [Bases of phytohelminthology 1]- Izd . AN 
SSSR, Moskva (in Russian). 

Petrusewicz K. 1967- Concepts in studies on the 
secondary productivity of terrestrial ecosystems 
(In : Secondary productivity of terrestrial ecosy
stems Ed. K. Petrusewicz) - PWN, Warszawa, pp. 
17- 51. 

Pop o vi c i I. 1973 - The influence of temperature 
and of nutrient medium on populations of Cepha
lobus nanus (Nematoda, Cephalobidae) - Pedo
biologia, 13: 401-409. 

Pradhan G. B., Senapati B. K., Dash M. C. 1988 
- Relationship of soil nematode populations to 
carbon:nitrogen in tropical habitats and their role 
in decomposition of litter amendments - Rev . 
Ecol. Bioi. Sol, 25: 59-76. 

Ro guska- Was i I e w ska L. 1961 - Przenikanie 
Eucephalobus elongatus de Man do kilku gatun
k6w traw z rodzaj6w Festuca i Poa w warunkach 
doswiadczalnych [Penetration of Eucephalobus 
elongatus de Man into several species of grasses 
of the genera Festuca and Poa under experimental 
conditions] - Ekol. Pol. B, 7: 141 - 150 (in Polish). 

Santos P. F., Phillips J. , Whitford W. G. 1981 -
The role of mites and nematodes in early stages of 
buried litter decomposition in a desert - Ecology, 
62: 654-663. 

Schiemer F. 1982a - Food dependence and energetic 
of freeliving nematodes. I. Respiration, growth 
and reproduction of Caenorhabditis briggsae (Ne
matoda) at different levels of food supply - Oeco
logia (Berl.), 54: 108- 121. 

Schiemer F. 1982b - Food dependence and energe
tic of freeliving nematodes. 11. Life history para
meters of Caenorhabditis briggsae (Nematoda) at 
different levels of food supply - Oecologia 
(Berl.), 54: 122- 128. 

S c hie mer F. 1983 - Comparative aspects of food 

dependence and energetic of freeliving nematodes 
- Oikos, 41 : 32-42. 

Schiemer F. , Dun can A., Klekowski R. Z. 1980 
- A bioenergetic study of a bentic nematode, Plec
tus palustris de Man 1880, throughout its life cyc
le. 11. Growth, fecundity and energy budgets at 

different densities of bacterial food and general 
ecological considerations - Oecologia (Berl .), 44: 
205- 212. 

Siege! S. 1956 - Nonparametric statistics: For the 
behavioral sciences - McGraw-Hill, Inc., Auc
kland. 

Soh Ien ius B. 1969a- Studies on the population de
velopment of Mesodiplogaster biformis (Nemato

da, Rhabditida) in agar culture - Pedobiologia, 9: 
243-253 . 

Soh Ien ius B. 1969b - The monoxenic cultivation of 
some rhabditid nematodes - Oikos, 20: 287-293 . 



135 Life strategies of two bacterial-feeding nematodes II 

Soh Ien ius B. 1973a - Growth and reproduction of a 
nematode Aerobe/aides sp. cultivated on agar -
Oikos, 24: 64-72. 

Soh Ien ius B. 1973b - Influence of food supply on 

population structure and length distribution in 
Aerobe/aides nanus (Nematoda, Cephalobidae) 
Pedobiologia, 13: 205-213. 

Soh Ien ius B. 1973c - Structure and dynamics of 
Rhabditis (Nematoda, Rhabditidae) from forest 
soil - Pedobiologia, 13: 368- 375. 

Sohlenius B. 1979- A carbon budget for nemato
des, rotifers and tardigrades in a Swedish conife
rous forest soil - Holarct. Ecol. 2: 30-40. 

Soh Ien ius B. 1988 - Interactions between two spe
cies of Panagrolaimus in agar cultures - Nemato
logica, 34: 208- 217. 

Soh Ien ius B. 1993 - Chaotic or deterministic deve
lopment of nematode populations in pine forest 
humus incubated in the laboratory - Bioi. Fertil. 
Soils, 16: 263-268. 

Soh Ien ius B. 1996 - Structure and composition of the 
nematode fauna in pine forest soil under the influen
ce of clear-cutting. Effects of slash removal and field 
layer vegetation - Eur. J. Soil Bioi. 32: 1- 14 

Sohlenius B., Bostrom S. 1984 - Colonization, 
population development and metabolic activity of 
nematodes in buried barley straw - Pedobiologia, 
27: 67- 78. 

Sohlenius B., Sandor A. 1987 - Vertical distribu
tion of nematodes in arable soil under grass (Fe
stuca pratensis) and barley (Hordeum distichum) 
- Bioi. Fertil. Soils, 3: I 9- 25. 

Sohlenius B., Wasilewska L. 1984 - Influence 
of irrigation and fertilization on the nematode 
community in a Swedish pine forest soil - J. Appl. 
Ecol. 2 I : 327- 342. 

Southey J. F. 1982 - Some free-living nematodes 
found in plant material and soil samples (In : Plant 
nematology, Ed. J. F. Southey) - Ministry of 
Agriculture, Fisheries and Food, Her Majesty's 
Stationary Office, London, pp. 246-247. 

S z c z y g i e I A. I 966 - Studies on the fauna and popu
lation dynamics of nematodes occurring on straw
berry plantations - Ekol. Pol. 14 A: 651 - 709. 

Thomas P. R. 1965 - Biology of Acrobeles comple
xus Thorne, cultivated on agar - Nematologica, 
I I : 395-408. 

Venette R. C., F erri s H. I 998 - Influence of bacte
rial type and density on population growth of 
bacterial-feeding nematodes- Soil Bioi. Biochem. 
30: 949- 960. 

Wasilewska L. 1967 - Analysis of the occurrence 
of nematodes in alfalfa crops. Ill. Some observa
tions on age structure - Ekol. Pol. I 5: 402-408. 

Was i Jew ska L. 1974- Analysis of a sheep pasture 
ecosystem in the Pieniny mountains (The Carpat
hians). XIII. Quantitative distribution, respiratory 
metabolism and some suggestion on production of 
nematodes - Ekol. Pol. 22:651-668. 

Was i I ew ska L. I 976 - The effect of intensive ferti
lization on the structure and productivity of mea
dow ecosystems. 13 . The role of nematodes in the 
ecosystem of a meadow in Warsaw environs -
Pol. Ecol. Stud. 2: 137- 156. 

Wasilewska L. 1979 - The structure and function 
of soil nematode communities in natural ecosy
stems and agrocenoses - Pol. Ecol. Stud. 5, 2: 
97- 145. 

Wasilewska L., Bienkowski P. 1985 - Experi
mental study on the occurrence and activity of soil 
nematodes in decomposition of plant material -
Pedobiologia, 28: 41 - 57. 

Wasilewska L., Paplinska E., Zielin s ki J. 
1981 - The role of nematodes in decomposition of 
plant material in a rye field - Pedobiologia, 21: 
182- 191. 

Weiss B., Larink 0 . 1991 - Influence of sewage 
sludge and heavy metals on nematodes in an arab
le soil - Bioi. Fertil. Soils, 12: 5- 9. 

Woo m bs M., Lay bourn-Parry J. 1984 - Feeding 
biology of Diplogasteritus nudicapitatus and Rha
bditis curvicaudata (Nematoda) related to food 
concentration and temperature, in sewage treat
ment plants - Oecologia (Berl.), 64: 163- 167. 

Yeates G. W. 1972 - Nematoda of a Danish beech 
forest. I. Methods and general analysis - Oikos, 
23 : 178- 189. 

Yeate s G. W. 1979 - Soil nematodes in terrestrial 
ecosystems - J. Nematol. I 1: 213- 229. 

Yeates G. W. 1981 - Nematode populations in rela
tion to soil environmental factors: a review - Pe
dobiologia, 22: 312- 338. 

(Received after revising May 2000) 


