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ABSTRACT: In the two-~year studies, the species come
position was determined and the changes 1in density and
biomass were analysed for Enchytraeidae inhabiting four fo-
rest ecosystems. In all these ecos stems Co%nettia sphag-
netorum accounted for 68 to 98% of the total density and
for 71 to 98% of the total biomass of this group. Produc-
tion of the dominant species and of the s pecies sexually
reproducing was estimated. In general, C. gg?agnetorum

produced biomags of an energy content ranging from 17.3
to 94,4 kJ - m year~l, depending on the season and plant

community, The P : B ratio for this species varied from

2.4 tO 3!81
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1. INTRODUCTION

The stream of energy flowing through a population is a fre=~
quently used index of the role of animals in an ecosystem. This
method enables us to recognize the main pathways of energy flux,
to estimate the ecological efficiency, and it also is a good
starting point for experimental studies.,

In contrast to other saprophages, there are no such analyses
for enchytraeids. The studies carried out so far have mostly been
concentrated upon the numbers and biomass of this group in dif-
ferent ecosystem types (N 5 8 18 8N 1955, GiL.C.aun'n Or
1987, 3863, S'pr ingett 1963, Abrahamsen 1969,
1970, 1972, Md 1l 1 er 1969, D agh .snd Crsaas 1972,
Dozsa=~Farkas 1973b). Few papers deal with the respir-
atory metabolism of free-living populations (Nielsen 1961,
O’ Connor 1963, Persson asnd Leonmn 107 PiBlg LS
l1ipson et al. 1979). So far only one author has estimated
population production of two enchytraeid species inhabiting blank=-
et bog soil (St enden '1973).

In view of such a poor state of knowledge, it seemed to be
reasonable to estimate the contribution of this group of sapro=-
phages'to energy transformation within an ecosystem. High densi-
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ties and biomass of enchytraeids in most of their habitats  sug-
gest that this is an important group, so it cannot be neglected in
the studies on energy budget of both soil and the whole ecosystem.

2« STUDY AREA

The study was carried out from May 1976 to May 1978 in four
forest associations of the Kampinos National Park, such asaflood-
-plain ash-alder carr = Circaeo-Alnetum (Oberd. 1953), an oak=-
-hornbeam forest = Tilio=Carpinetum (Traczyk 1962), a pine=-oak
forest - Pino-Quercetum (KozZlowska 1926), and a pine forest -Vac-
cinio myrtilli-Pinetum (Kobendza 1930). The first three ecosystems
were located close to each other on a 4-ha island surrounded with
a bog alder forest, while the pine forest covered a wide dune
belt at a distance of about two kilometres northwards. All these
communities grow in the ice-marginal valley of the Vistula on al-
luvial deposits of a texture of loose sands (C ze rw in s k i,
Roo=<Z2Zi1elinska.and Czerwinsknw 1974)," The
basic characteristics of these ecosystems are set in Table I.

The ash-alder carr covered the soils dominated by rich muck
black earth with very good water relations. Due to a high level
of the accumulation of carbon and nitrogen in the biomass of
plants and heterotrophs, and also because of a rapid litter decom=
position and small C : N ratio in soil and litter, this community
belongs to the richest ones.

The pine-~ocak and pine forests, in contrast to the ash=-alder
forést,'were very poor in nutrients, the C : N ratio in litter
was low, the decomposition rate of litter was slow, the litter
was poor in nitrogen. They covered podzolic soils with a low water
table so that top soil layers were seasonally overdried, particu=-
larly in summer. The ocak=hornbeam forest occupied an intermediate
position in this series,

The field studies were regularly continued in the period from
May 1976 to May 1978, The material collected over this period was
classified to two .periods not coinciding with the calendar year .
The first period extended from May 1976 to the end of April 1977,
It has been called period I. The second period, called period II,
extended from May 1977 to early May 1978, This division is based



Table I. Some characteristics of the forest ecosystems under study

Vaccinio
Circaeo~- Tilio~- Pino-
£ k: = | myrtilli- Author
Alﬁnetum Carpinetum | =Quercetum <P et | |
Characteristi podzolic Er ey Xk anfl T r ps
- ey 51 sk soil mo=- pogziiic e v R (1965). Czer-
brown soils derately winski, Roo =21 e~
earths moderately .
podzoli- gleyed linska gnd Czer-
zed 4 winska 1974
pH, 5 in soil i |
zlayer 10 cm 5.5 4.0 4.1 3.9 author’s data
deep ‘
[Mean water table ' « Matuszkiewicz
in cm o g $05 = ?unpublished data)
| Leaf fall bio-
mass in g 413.0 28045 273.8 227 .2
per m
Energy content of - Zimka and S tachur-
leaf fall in [8120.7 5357 O 536548 A877 .6 s k i (1976)
kJ per m -
N content in leaf _
fgll in g per 9.79 2479 2 «49 1.32
m
C : N of leaf fall] 20.0 47 .4 53.0 86.9
C : N of soil 12.6 & 5 7 o7 7 o7 Stachurski and
Coefficient of Zimka (1975) -
litte!‘ dGCOm- 1.2 0.7 D5 0-2
______position E
Dehydrogenase ac-
tivity in uyl
| H per 10 g of | 337 271 129 64
soil from: |
O=5 cm layer Ke Chmielewski
Urease activity (unpublished data)
in mg N per
100 g of soil Siasr =1 19.7 16.9 17 .2
from O=5 cm
e it ¢ |

1axar

goTnyje zJ40bezuag

cT
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on the natural rhythm of processes occurring in these ecosystems,
and on seasonal changes in climatic conditions, especially in hu-
midity. The sum of precipitation in the growing season from April
to October was 272.8 mm in period I and 554.2 nm in period 1II.
The study was conducted during the growing season and in autumn-
-Wwinter period. Winter samples were taken because enchytraeids are
frost tolerant (Do zsa~Farkas 19733),and because tem-
peratures above Zero centigrades are frequent in winter in the
top soil layer, particularly under a deep snow covere.

3, METHODS

3¢l. Density

Sampling was made every two months, on the average. Each time
30 s0il cores 10 cm deep and 100 cm3 in volume were taken. Atotal
of 1530 soil cores were teken, from which almost 52 thousand in-
dividuals were collected.

The 0’ Connor (1955, 1962, 1971) method was applied to
- extract enchytraeids. The funnels 15 cm in diameter were used for
4-hour periods. The temperature of the samples gradually increased
by about 45°C. All the individuals were removed, counted and pre=-
served in acetic acid with an admixture of orcein. Then they were
put on slides in glycerol with acetic acid for microscopic ex-
amination. The N i el sen and Chr istensen (1959)
key was used to identify enchytraeid species. '

The specimens of the dominant species, Cognettia sphagnetorum,
were classified to four bategories: whole worms - denoted by K,
worms regenerating tail fragments - denoted by P, worms regener-
ating head fragments - T, and worms regenerating bDboth head and
tail fragments - denoted by S. In all cases, the regenerating seg-
ments and all the body segments were counted.

The total density of enchytraeids per m2 was calculated from

the formula

L=1
" i ; 3
N=2 2> N 10 (1)

L=1
where N stands for density, N; is the number of individuals per

sample, and n is the number of samples.
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3.2+ Biomass

To estimate the biomass of enchytraeids, the relationship be-
tween the weight of live worms and the body length of preserved
specimens was used (Fig. 1). This is a statistically significant

relationship at 0.01 level, and it is of the form

y = 6.22 .x1.55 - (2)

vwhere .y is the live body weight in ug, x 1is the body length
of preserved specimens in mm.

3 y=622- x 155 o
t%W_, r= 0950 e
N=180
300 p <007 W
’“\
N
X 240
8
S 180
S
N . 120
60
| |
4 6 g 10 12

Length of indiviavals (mmm )

Fige 1. The relationship between biomass and body length for pre-
served individuals of Cognettia sphagnetorum

This correlation was found for 180 individuals of Cognettia
sphagnetorum weighed to the nearest ug and the body length of
which was measured. These worms were preserved in the way described
in the preceeding section.

The body length of enchytraeids was measured to the nearest
O.1 mm under a stereoscopic microscope. On each date of sampling,
worms from 10 samples were measured, which makes a total of more

than 14 thousand specimens,
The biomass of the enchytraeid community per m“ was calculated

from the formula

PR - - - - = - e -3
B = (NK XK + NP XP + NT XT + NS Xs + NI XI) « 10 (3)
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where B denotes the biomass of enchytraeids in mg ~m'2. NK' No o
NT' Ns.and NI are densities of particular categories of Cognettia
sphagnetorum denoted by K, P, T, S and of the other species de-
noted by I; XK’ XP' XT' XS' and X stand for the mean body weight
of different categories of Q_gnettia aehagnetorum and other spe-
cies in yge.

To express the biomass of enchytraeids in energy units, it
was assumed that 1 g of dry tissue is an equivalent to 23784 J
(standen 1973),

Dry weight and then the energy content of the total community
was calculated from formula (3) with the difference that the mean
body weight has been expressed in pyg dry weight. The dry Dbody

weight was calculated from the formula

y = =62.38 + 20.14 - 1n x (4)

where y is dry body weight in ug and x 1is wet body weight in
¢’ e

60 V=-62.38+20.74 (nx
' r=0.906
¥ N=73 . R
pL 0.07
?g |
Ql 40
S
ﬁ? -
=
bizv-
S

60 120 80 240
wet weight (vgq)

Fig. 2. The relationship between dry and wet body weights

This correlation was obtained for over 70 specimens of Cognet-
tia sphagnetorum. They were kept for two days before weighing in
containers with wet filter paper on the bottom to reduce the pos=-
sible error due to the content of alimentary canal.After weighing
they were dried at 85°C and weighed again (Fig. g i
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Sede Production

To estimate production, formulas developed by Petrusewicz and

Macfadyen were used (Macfad vyven 1967, Petrus e~
widic 2 1967 Pie torovw 8 0N 00T and Macfadyen
1970)

P=aAB + E or P=a P, +P (5)

g. r

where P is the total population production, AB is an increase in
population biomass, E is elimination, Pg is production due to in-
dividual growth, and Pr is production due to population reproduc-
tione.

Since enchytraeid communities consist of the épecies sexually
reproducing in addition to the dominant species reproducing by
fragmentation, distinct methods were used to estimate production.

To estimate the production of C. sphagnetorum, the procedure
Heveloped by S tanden (1973), gslightly modified, was used.
According to this procedure such variables are needed to estimate
the number of organisms passing through a population in unit time
as the size of individuals capable of fragmentation, the rate of
fragmentation, and the growth rate of both whole and regenerat=
ing individuals. |

The rate of C. sphagnetorum growth was determined from cul-
tures of about 180 whole individuals in plastic containers filled
with soil, at temperatures of 5, 10, 15 and 20¥C. - The production
of new segments is related to temperature (Fig. 3), and it may be
described by a formula |

Y = -0 .,0865 + 00,0204 x p < 0,01 | (6)

where vy is the rate of growth as measured by the number of seg=-
ments per day, and x is temperature.

The cultured enchytraeids differed in their original sizes but
this had no noticeable effect on the rate of growth. This is in-
dicated by the b values close to zero in the formulas

y = 0.0257 + 0.0004 x at 5°C, r = 0,170 (7)
y = 0.1714 - 0.0017 x at 10°C, r = -0.359 - (8)
y = 0.1666 - 0.0005 x at 15°C, r = =0.121 (9)
y = 0.3688 - 0.0015 x at 20°C, r = -0.195 (10)
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where y 1is the rate of growth (number of segments per day) and
x 1is the body size as expressed in the number of segments.

V=-0087+0 020X
. r= 0.856
- N= 178

<007
0533 o

Number of segments per day
N
R

| |
J 10 15 20
Temperature (°C)

Fige 3+ The relationship between the growth rate of Cognettia
sphagnetorum and temperature

It has been assumed that the regenerating worms have the same
growth rate as the whole individuals., .

It has been found that worms T cannot be distinguished from
the whole worms when they produce eight new segments, worms of the
group P when they regenerate one segment. Since the individuals re-
presented by central fragments (group S) accounted for 2=5% of
the whole community on the average, it has been assumed that as a
result of fragmentation, mostly individuals regenerating the tail
(P) and the head (T) are produced. Thus, fragmentation mostly oc=
curs in individuals of the size |

Loy s ® sl # e - (11)

where L denotes the number of segments diminished by the  seg-
ments already regenerated.

Taking into account the scatter of the number of segments in
regenerating individuals, and assuming that the longer the head
fragments, the longer should be the tail fragments and conversely,
the size of individuals capable of fragmentation has been calcu=-
lated from the formula

2 — Ekol. pol., 31, 1
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s

(LP +05) + (l_T -§T) ol 1K (LP ~d,) + (|_T +cYT) | (12)

where 5? and 51. denote standard deviations from the mean body size
of worms P and T, L is the number of segments diminished by al=
ready regenerated segments.

Knowing the size of individuals capable of fragmentation and
assuming a similar death rate for cateyories P and Z, it is pos-
sible to estimate the rate of fragmentation from the formula

B (13)

where F is the proportion of worms Z that undergo fragmentation
over one day, N, and N, are numbers of worms P and Z at the time
of sampling, and d 1is the number of days needed to produce all
the worms P recorded in samples; it is also the time needed for a
complete regeneration of head fragments, thus for the transition
to the category K of whole individuals. The analysis of the mate-
rial collected shows that this corresponds to the production of a
single segment. Consequently d was calculated as the sum of in-
creases on successive days prior to sampling (taking into account
mean daily soil temperatures) till the total increase was equal
to one segment. |

From the mean temperature in period d and the rate of frag=-
mentation on particular days of sampling can be calculated from

the formula

y = =0.0038 + 0.0055 x + 0.0002 x°, R = 0.938, p < 0.01 (14)
where vy stands for the rate of fragmentation F, and x is tem~
perature (Fig. 4).

Equations (6), (12) and (14) were used to estimate the number
of enchytraeids that can be produced in the population in the pe-

riods between sampling dates.
The yearly elimination rate can be calculated from the formula

E=2 (N -N)- 41 (15)

where N_ is the expected density, N is the real density, and K is

the number of days on which the number of enchytraeids was esti=-
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¢

matede By multiplying the calculated value of E by the mean body
weights of C, sphagnetorum in successive study periods, the eli-

mination of biomass was obtained.

Y =0.0038+00055 x + 00002 X2 o

1 A R=08938
N=51 |
2 ® =
ARSI A V
44 ¢
020 — D _
/W
016 B
W
®
212 - y
208
004 —~
/’*';
éﬁ’/‘ | | | dl
4 c5’ 72 70 20 24
Jemperature (°C)

Fige. 4. The relationship between the rate of fragmentation (F)
and temperature
1 =~ Circaeo-Alnetum, 2 - Tilio-Carpinetum, 3 - Pino-Quercetum, 4 -
Vaccinio myrtilli-Pinetum

To calculate the production of sexually reproducing species,
detailed data are needed on the rate of growth, longevity, number
of cocoons produced, and survivorship of young and adults., The
present knowledge of this subject is exceptionally poor. An addi-
. tional difficulty is that in most cases young individuals can be
identified only to genus. For these reasons it is very difficult
to estimate production, and only very rough estimates can be ob=-
tained,

The elimination of individueals and biomass from the popula-
tion of the species characterized by sexual reproduction has been
calculated from the formula developed by Pe trusewdicaz
and Mac fadyen (1970)

E =N, = (N -v) AX
n (n+1 )2 (16)
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where ﬁt and ﬁt denote the densities of enchytraeids on suc-

n R
cessive sampling dates, V is the number of young individuals, that

hatched from cocoons in the period from t_ to t .+ @nd AX is a
change in mean body weight.

-

The body sizes of young individuals, soon after hatching,were
determined for eight enchytraeid genera on the basis of the num=-
ber of segments in the group of smallest individuals selected from
the whole material (Table VII). The species of the genus Achaeta
were excluded from this analysis because they have no visible
boundaries between segments, thus it is difficult to determine
the size of individuals.

It has been assumed that the rate of the production of new
segments in sexually reproducing individuals is the same as in
C. sphagnetorum. Therefore, the group of young individuals (v in
formula (16)) included all the enchytraeids with the body size
smaller or equal to the minimum number of segments increased Dy

the number of segments produced in the: period from Eop 0O Ry i) Gge

The production of sexually reproducing species has been cal=-
culated as the sum of the increases in biomass of eliminated in-
dividuals, survivors from B Eo Gl g and young hatched from

cocoons in the same period:

P = (N + N - V) AX + VX (17)
g t t & v
N G n AR
where Py is the production due to individual growth, N. , N, ol

e n+1
and V have the same meaning as in formula (16), and xv is the

mean body weight of young in time |

These calculationst include the production do no of cocoons and
eliminated young individuels.

The production of C. sphagnetorum was calculated from formu-
las (5) and (15). This method neglects the production due to in-
dividual growth, and it can be used when the body weight at hatch=-
ing does not differ much from the body weight of adults (P e=
trusewicz and Mac fadyen 1970). C. sphagnetorum

meet this condition since individuals produced &as a result of

fragmentation are smaller by half, on the average, from whole in-
dividuals capable of fragmentation (Table V).
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4, RESULTS

4.,1. Species composition and dominance structure
of enchytraeid communities

A total of 17 enchytraeid species were recorded during the
two-year study period (Table II). This figure was found for the
ash-alder carr (CA), the richest and most diversified plant commu-
nity. The oak~hornbeam forest (TC) was inhabited by 11 species.The
poorest ecosystems such as the pine oak (PQ) and pine (VmP)_forests
supported merely eight species.

Table II. Species composition of Enchytraeidae in four forest eco-
systems of the Kampinos National Park

Tilio- [vaccinio
3 Circaeo~ Pino-
Species |=Alnetum -C::gine- -Quercetum T;;:;%t;-
|Achaeta camerani (cogn.) i s
1899 + w + + +
A, bohemica (Vajd.) 187 + + 1 + +
A, eiseni (vejd.) 1877 + TR + +
|[Bryodrilus ehlersi Ude
1892 + + + +
Buchholzia appendicu~
lata ;BucE.f 1862 + + +
|B. fallax (Mich.) 1887 + +
Cognettia glandulosa
Miche. 1988 +
C. sphagnetorum (Vejd.)
1877 + - + +
Enchytraeus buchholzi
VeJd.s 1879 + + + 3

| Enchytronia parva Niel.

et Christ. 1959 + + +
Fridfricia bisetosa

LQV- 1884 + B

F. callosa (Eis.) 1878 +
|Fridericia sp. +

Hemienchytraeus bifur-
catus Niel. et :
Christ. 1959 + + + +

Henlea nasuta (Eis.)

| 1878 +

He Eargueilla Friend +
1

Mesenchytraeus pelicen-

8is Niel. et Christ
1959
Total [

_%_
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Therefore, there is a close relationship between the species
diversity of enchytraeids and the richness of the habitat. The
species diversity of this group is reduced with decreasing site and
biocoenotic richness. The same process has been found by G é r n Y
'(19753) and Kasprzak (1975) in relation to single ecoéys-
temse Kasprzak (1975).has recorded 25 enchytraeid species
in an oak-hornbeam forest and G 6 r ny (1975a) only seven spe-
cies in an oligotrophic pine forest of the Kampinos National Park.

This regularity is also confirmed by data of foreign authors.
Abrahamsen (1972) recorded only two species in an ex-
tremely dry pine forest (Cladonio-Pinetum), N radinen (1967)
recorded four species in a similar forest, while Dozs a =~
Fark ans (1973b) found 21 species in a rich oak forest.

Among the enchytraeids of the ecosystems under study, a group
of seven species can be distinguished which were common to all the °
four communities, thus they showed a high ecological tolerance.
A group of six species occurred only in the ash-alder carr, which
implies that they require permanently humid and rich habitat. The
dominant species, Cognettia sphagnetorum, belongs to the former

group.
The ash-alder carr, a very rich community in the gradient of
study ecosystems, supporting a highly diversified enchytraeid com=-
munity, was characterized by a relatively 1low dominance of C.,
sphagnetorum (Table III). On the average, this species accounted
Fﬁr 68% of the number and 74% of the biomass of the total enchy=
traeid community. At the same time the proportion of the dominant
species in this community was most variable, ranging from 41 to
88% of the number and from 50 to 95% of the biomass of all enchy=-
traeids. This fact is mostly related to the phenology of other spe=-
cies, showing sexual reproduction and temporarily rather abundant .
In the other three plant communities, the dominance of
C. sphagnetorum was very high, generally more than 80%, and the
range of its variability was much smaller. The highest average pro=-
portion of this species for the two study years was found in the
pine forest. On some dates of sampling this was the only species
occurring in this habitat. A similar phenomenon was recorded by
Abrahamsen (1972) in five types of pine forests of the
order Cladonio-Vaccinietalia in Norway. According to this ‘author,
the proportion of C. sphagnetorum was 95-99% of the total enchy=

traeid community.




Table III. Mean contribution of Cognettia sphagnetorum to the number and biomass of enchytraeid

communities "
; - s -
Study periods > - Vaccinio >
and variables compared Circaeo Alnetum‘ Tilio=Carpinetum |Pino-Quercetum myrtilli-Pinetum E’
£ 68.2 * 13.0 95.5 t 2.4 93.5 % 4,9 90.4 £ 11.0 o
| (46.0-88.1) (91.7-99.1) (82.1-97.3) (66.2-98.0) o
| o
| I e 2w 3 — _ :
% B 76.6 £ 13.8 97 4 2:2.5 94.9 % 3.7 4.4 % 7.2 °
(50.3-95.1) (91.8-99,.8) (86.5-98.4) (78.2-99.1) >
4 4 -
| g N | 681 % 19.3 94.0 * 4.8 89.2 % 6.0 98.6 % 1.8 o
| (41.6-85.8) (86.2-98.2) (83.4-95.9) (95.5-100) 2
. )
II T t . & - o
% B 71.4 % 17.1 95.3 % 3.7 90.8 % 5.4 98.9 £ 1.0 L
(50.3-92.2) (90.8-99,3) (82.,7-96.6) (98.6-100) E
b B il T ®
s % N 68.1 94,8 91.3 94.5
s PR 3 r e 52
| % B 74 .0 96 42 92,8 96 .6

XA
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In the season characterized by poor moisture conditions (pe—
riod I), the dominance of C. sphagnetorum was the highest in the
cak=hornbeam forest. In the two poorest ecosystems, the overdrying
of the top soil layer was followed by a heavy reduction of the dom=-
inant and, consequently, by an increase in the proportion of spe=
cies generally occurring in deeper layers, mostly of the genus
Achaeta.

In general, all the communities were dominated by C. sphagne-
torum, which is of great ecologicel importance. Due to its way of
reproduction, this species can rapidly and precisely respond to
all important changes in the soil habitat. Under suitable food and
moisture conditions its number can increase many times, retaining
much energy and large amounts of nutrients,

No anabiosis of the type known in Lumbricidae (6 6rny
1975b) was found in enchytraeids. Probably their ability to migrate
into deeper soil layers is also very limited. Therefore, most in=-
dividuals die when the soil 1is overdried (S piridmg e v £,
Bristteitn. shd S p e .i-0 0@ %t 1970). The restoration of
their biomass and numbers is realized by the dominant. The stand=-
ing crop of other species increases due to the hatching of young
from the cocoons deposited earlier, which takes more time.

4,2, Density of enchytraeids

The density of enchytraeids largely varied both over the grow-
ing season and from one study period to another (Figs. 5-8)s In
period I, the highest density was noted in the ash=alder carr, the
richest most humid habitat. It was 25.5 thousand individuals per
mz, on the average. In the other habitats the densities were lower,
. and they dropped with decreasing soil moisture and fertility (Ta=
ble IV). The average values were 20.8 thousand individuals per >
for the oak=hornbeam forest, 18.3 thousand for the pine-oak forest,
and 16.8 thousand for the pine forest,

In period I (dry). the highest densities recorded in most of
the study ecosystems occurred in May-June, in autumn and in winter.
Only in the alder-ash carr there was no decrease in number in sum-
mer, even a maximum of almost 40 thousand individuals being reached

at that period.
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Number of individuals - 102 m -2

I I | | | I | | | " |
July Sept. Nov. Jan. Mar May
I period /I period

I | I
July Sept.  Nov. Jan. Mar. May

Fig. 5. Changes in enchytraeid numbers in Circaeo-Alnetum

1 - to*al enchytraeids, 2 - whole individuals (k) of Cognettia
sphagnetorum, 3 - head fragments (P), 4 - tail fragments (T), 5 =
' | other species

N
|

>

S
3

>
|

10 -

Number of individuals - 103 m-2

| T I I I |
I]wy Sept.  MNov. Jan. Mar May July Sept. WNov. Jan. Mar May
1 period I period
Fig. 6. Changes in numbers of enchytraeids in Tilio-~Carpinetum
For explanations see Figure 5
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Table IV. Mean densities of enchytraeids and the proportion of different categories (6, P .~Ty S8 ;

of Cognettia sphagnetorum

swe15A8028 ;se)o; 40 eepteBJiAyoul

=1 1
. . Circaeo=Alnetum Tilio-Carpinetum Pino=Quercetum Vaccinio myrtilli-Pinetum
Study periods
and variaglas C. sphagnetorum othes C. sphagnetorum Gtiae C. sphagnetorum other C. sphagnetorum ‘other
compare 2 55
K 5 T S species K P T S species K o T S species K P T 5 species
N - 10° |
5 11.82] 2.25| 3.,01]|0.62 783 |10.,90| 3.76| 3.87| 1.30 0.96 |10.52| 2.96| 2.51|1.16 1.19 8.99| 3.18| 2.60| 1.06 1.00
m
1 % 63.3 |13.6 |19.0 |4.0 55.7 |18.9 |19.0 | 6.3 58.9 |18.8 [15.5 |6.8 55.4 |21.3 |16.,8 | 6.4
X 25,54 20,81 - 18.34 16 .83
N -10° | +
m
i % 54.0 |17.1 |22.5 |6.40 57.2 |17.8 |21.8 | 3.1 74.2 |10.8 [12.5 [2.5 74.6 |10.3 |12.7 | 2.3
X 33,50 56 .34 60.65 54 .32

Le
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In period II (wet), the changes in densities did not follow
such a regular pattern as in period I. A highest density of about
111 thousand individuals per m2 was reached in the oak-hornbean
forest early in May of 1978, The highest mean densities occurred
in the pine-oak forest, where 60.6 thousand per m2 were noted, than
there was the oak-hornbeam forest with 56.3 thousand per m2 and
the pine forest with 54.3 thousand per mz. In all the ecosystems,
the mean densities in period II were from 1.3 (ash-alder carr) to
3.3 (pine-oak forest) times higher than in period I. In all the
habitats, except for the ash-alder carr, even the .lowest density
recorded in period II was higher than the peak density in period I,
Relative changes in densities were rather low, and no distinct
spring and autunn maxima were found. A slight reduction in number
was recorded in winter of 1977, mostly in December. This was re-
lated to low temperatures and absence of snow cover. The densities
in the ash=alder carr in period II were the lowest as compared with
those in the other habitats, this being an'dpposite sitpation to
that in period I.

In all the samples taken over the study period, four categor-
ies of C. sphagnetorum could be distinguished. The whole enchytra-
eids (K) were most abundant. The density of this group in period I
reached a highest mean value of 11.8 thousand per > or 63.3% of
the total population of this species in the ash-alder carr. The
lowest density of almost 9 thousand per m2 or 55.4% of the popula-
tion was recorded in the pine forest (Table IV)., The densities in
the oak=hornbeam and pine-oak forests had intermediate values of
10.9 thousand and 10.5 thousand per mz, that is 55.7 and 58,99 of
the population, respectively.

In period II the average density markedly increased and the
proportion of whole individuals changed. Only in the ash=alder carr,
where the mean numbers slightly increased, the proportion of whole

worms in the C. sphagnetorum population was reduced. In the pine
forest, the mean density increased 4.5 times, and as a result this
category reached more than 74% of the dominant population. In the
oak=hornbeam and pine-oak forests, the average density increased

less, three and four times, respectively.

Since whole individuals largely predominated the enchytraeid
community, the changes in the density of this category in the two
study periods were parallel to changes in the total density, and
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they show the regularities described at the beginning of this sec-
tion (Figs. 5-8).

The numbers and proportions of the individuals regenerating
various body parts followed different patterns.

During period I the highest densities of forms regenerating
their heads or tails were observed in May=-June. A distinct summer
reduction in their number was recorded in the oak-~hornbeam and dry
pine forests. In the other communities they maintained a relatively
~stable level, showing only small fluctuations. The mean number of
enchytraeids regenerating the tail (P) ranged from 2.2 thousand
(ash-alder carr) to 3.7 thousand per m2 (oak-hornbeam forest), end
those regenerating the head (T) from 2.5 thousand (pine-oak forest)
to 3.8 thousand per m2 (oak-hornbeam forest). In general, in peri=-
od I the regenerating individuals accounted for 32.6% (ash-alder
carr) to 38.1% (pina forest) of the C. sphagnetorum population.

In period II, the density of regenerating individuals increased.
This increase was most pronounced in the oek-hornbeam forest and
the smallest in the ash-glder carr. Mean numbers of category P
ranged from 3.6 thousand per m- (ash-alder carr) to 9.4 thousand
(oak-hornbeam forest), and the mean numbers of category T ranged
from 4.9 thousand per m2 (ash-alder forest) to 9.8 thousand (oak-
-hornbeam forest).

The way of reproduction of C. sphagnetorum, described in sec=-
tion 3.1, quarantees the production of an equal number of P and T
individuals as a result of fragmentation. There are differences,
however, in the size of regenerated parts. This size is much grea-
ter for category T, thus it can be expected that this category will
be more abundant in samples.

In period I, mean numbers of enchytraeids regenerating the
head were higher as compared with those regenerating the tail only
in rich, wet habitats (ash-alder carr and oak=hornbeam forest)(Ta—
ble IV). In the poor and dry pine forest and in the pine=-oak forest
an opposite situation was observed =~ individuals regenerating tail
outnumbered those regenerating the head.

In period II, the individuals regenerating the head outnum-
bered those regenerating the tail in all the ecosystems. This sit-
uation was maintained over the whole sampling period (Figs. 5=8) .

When the data for two years are compared, a considerable effect
of soil moisture can be found. The sums and distribution of pre-
cipitation can be a good index of soil moisture. In 1977 the sum of
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precipitation was twice of that in 1976, and it reached 554 mm e
GOrny (1975b} provided a good evidence for the effect of water
conditions on enchytraeids. He compared the numbers of these ani-
mals in a pine-spruce forest on watered and non-watered plots, and
found that the mean densities in the 0=5 cm layer on the watered
plots was three times of the densities on the control plot.

Good soil moisture conditions were mostly responsible for..a
high increase in the density of enchytraeids in period II, as com=-
pared with period I, in all the four ecosystems. Favourable soil
moisture also enhances the survival of regenerating C. sphagneto-
rume The evidence for this is provided by the fact that category T
outnumbered category P in period II in all the ecosystems and also
in period I in the ash=alder carr and oak-hornbeam forests.

Since enchytraeids do not migrate deep into soil, each mois~
ture deficiency is followed by their high mortality and a reduction
in their total numbers (G 6 r ny 1975b, S:prif nig 6 'ttt
Brittain and Springett 1970). This process was
observed in the summer of period I. Of the four ecosystems under
study, the density of enchytraeids did not decrease only in the
ash=-alder carr, which was permanently wet.

Minimum numbers of enchytraeids in summer were also recorded
by Nurminen (1967) in a pine forest, and by Pe r s s o n
and L o h m (1977) for abandoned fields.

In addition to moisture deficiency, another factor accounting
for an increased mortality of enchytraeids in low temperature, par-
ticularly when soil is not covered with snow and temperature drops
suddenly. Such a case took place in December of 1977, and it caused
a decrease in the total density of enchytraeids in the ash-alder,

oak=-hornbeam, and pine forests,

A reduction of the density of enchytraeids in winter was found
in many soils of forest ecosystems (0’C onnor 1957, N u r=-
minen 1967, Dig #h. ‘snd  Cir @ @g'g 1972y vHAne a V= 24N
press) and also in soils of meadows (Nielsen 1955, Pe r s-
8.0 n and. L ohi m1972),

To sum up, it can be stated that the density of enchytraeids
decreases along the gradient from rich to poor habitats. At the
same time abiotic conditions in soil, particularly water relation,
are of great importance to the occurrence of these saprophages. In

the periods of high precipitation, the density increases in all the
habitats, and to the highest degree in oligotrophic communities.
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4.3. Mean body weight and size

Mean body weight of enchytreeids shows distinct changes depend-
ing on the season and plant community. In the two study years the
range of these changes was relatively small in rich ecosystems such
as the ash-alder carr, where the body weight ranged from 45.7 to
75.4 ug, or the oak~hornbeam forest, where it varied between 44.7
and 85.4 ug. In poor habitats, seasonally overdried, such as the
pine~o2k and pine forests the variability was higher, ranging from
41.9 to 90.2 yg and from 32,5 to 86.4 ug, respectively (Figs.G%dZ).

Mean body weights were similar for four ecosystems and two
study years, and they varied between 54.0 and 67.0 ug (Table V).
Other authors generally report higher values, this being caused
not only by differences in the species composition of enchytraeid
communities but also by the epplication of different methods for
body weight measurements. Close to the present results are the val-
ues obtained by Ph il 1lipson et al. (1979) for a beech
woodland (72‘pg) afdiBv: 0" Clon'"Nie r (1957) for a Douglas=fir
plantation (80 ug), as calculated here from their data on the total
density and biomass.

In all the ecosystems and study years, the heaviest individu-
als occurred in winter, and the lightest predoninated in summer.

This regularity is particularly distinct for the group of whole

C. sphagnetorum and is certainly related to the way of reproduc~

A R P ok ol R RS T MR T SV RN s T S G G T R N L N R

July Sept Nov: Jan. Mar:\May July Sept. Now Jan. Mar. May
I period XA period

Fig. 9. Changes in mean body weights of different categories of
enchytraeids in Circaeo-~Alnetum
For explanations see Figure 5
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Fige. 10. Changes in mean body weights of different categories ot
enchytraeids in Tilio-Carpinetum
For explenations see Figure 5
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Fig. 11. Changes in mean body weights of different categories of
enchytraeids in Pino=-Quercetum
For explanations see Figure 5

tion in this species. As it has been shown in section 343, ‘the
rate of fragmentation depends on temperature, being high in summer
and low in winter. Consequently, in summer the group of whole worms
will be predominated by small individuals that newly regenerated
the lacking segments, while in winter large individuals, reaching
and exceeding the size of forms capable of fragmentation, will be

most abundant.
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Fige 12, Changes in mean body weights of different categories of
enchytraeids in Vaccinio myrtilli-Pinetum
For explanations see Figure 5

Enchytraeids regenerating the head or the tail, in contrast
to whole individuals, did not show distinct and regular changes
in the mean body weight over the study periods. Their body weight
was reduced 2-2.,5 times as compared with the whole individuals.,

The énchytraeids regenerating tail segments (P) were smaller
than those regenerating the head (T) in all the ecosystems for
the two study periods (Table Vs This was recorded on a consid-
erable number of sampling dates, and concerned the body size ex-
pressed in terms of both biomass (Figs. 9-12) and number of seg-
ments (Table V). Standen (1973) observed a similar regu=
larity when she studied a population of C. sphagnetorum inhabit-
ing & natural blanket bog in England. She found that the body
weight of individuals regenerating the tail was 110 ug on the
average and they had 22 segments, while the corresponding fig-
ures for the individuals regenerating the head were 130 uyg and

25 segments,

The size of animals capable of fregmentation (Z) was determi=
ned on particular sampling dates according to formula (14).Such
a procedure made it possible to get a reliable estimate of the

sizes of C. sphagnetorum most frequently subject to fragmenta~
tion. An assumption is needed here that the mortality and the

efficiency of extraction are similar for both small and large
forms of the two categories of regenerating enchytraeids.

3 — Ekol pol., 31, 1



Table V. Mean body size and number of segments in different categories (K,

of Cognettia sphagnetorum in two study periods

P, T, S)

Circaeo-Alnetum Tilio=Carpinetum Pino=-Quercetum Vaccinio myrtilli-Pinetum
Study periods
anc variadles C. sphagnetorum other C. sphagnetorum other| _ C. sphagnetorum otherf C. sphagnetorum other| _
compared spe- X spe- X . sSpe=- -3 spe= X
K P T S |cies K P T S |cies K 4 T S cies K E T S | cies
sy ‘ |
body weight :
in ug 84.7(32.1|39.2(16.1|40.7 [58.6 |90.9| 33,.6| 37.4|23.2 42.3|$52-2 88.3]|32.0|40.2|25.0|52.0 | 66.9|70:6| 32.9| 33.0(27.3| 25.2 |54.0
i - :
| 1 |
aumber of 28.2114,7(17.0| 8.0|21.6 | 23.2|29.7|15.5/17.4|11.5/23.7 |23.4 31.2|16.1|19.1]|12.5|28.3 | 24.8|27.7|16.0| 17.8|15.7]| 20.0 |21.9
segments ' i
' |
oody weight f '
92,0[32.3[36.5[(30e4(56.2 | 6044|82.3| 35.7| 34.5(24.4|42.7 |59.7| 77.7|28.7|35.7|20.2{52.7 | 63.6|69.7|27.5| 33.7{25.0| 42.8 |56.3
in wug
11
number of | 30.5(14.7|17.5|11.6|24.5 | 23.7|29.1(15.5/ 17.1|11.2|25.2 |23.7| 30.6|15.6]19.3|11.7|32.0 | 27.0]27.9|15.5| 18.5] 14.3 37.3 |25.1
segments
1
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The two=-year study showed that the reproduction through frag-
mentation first of all occurred in individuals having from 29 to

37 segments (Table VI). In rich and wet ecosystems (ash-alder
carr, oak=hornbeam forest) smaller individuals can reproduce, as

compared to the same category in relatively poor ecosystems (pine-
-0ak and pine forests). |

Table VI. Body size (mean and range) of Cognettia sphagnetorum ca-
pable of fragmentation (z) as expressed in the number of seg-

ments
rl - I | | | Vaccinio
- ; Circaeo~- Tilio=- - Pino- :
Study periods & & myrtilli-
| ~Alnetum Carpinetum Quercetum T
flw B gl 1
I 33«6 32.9 35.2 33,9
29 .4-33.9 31.2=-34,7 331373 32 e6=35.3
IT 3261 326 34 .9 33.9
I 30e1=34.3 30.4-34,0 ! 32 e3=37 «5 | 31 .6=36,2

From the point of view of biomass and energy economy 1in a
pOpulatioﬁ, the fragmentation of larger individuals is advantage-
ous because it enhances the survial of both groups of regenera-
ting individuals. It is of particular importance in the case of
tail segments. The 1large number of these segments enables these
animals to move in soil, and, in addition, when the new mouth is
being formed these segments provide more material and energy for

the regeneration of lacking segments.

Sexually reproducing enchytraeids form multispecies communi=-
ties in the study esosystems, the composition of which depends
not only on the site but also on the season. This variability
together with differences in the biology of particular species
account for the fact that no distinct regularities were found
in changes of the mean body weight for this enchytraeid category.

Maximum mean body weights of individuals sexually reproduc-
ing were found in different periods of the year. In winter for
the ogk-hornbeam forest, in winter and spring for the ash=-alder
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carr, in autumn for the pine forest, and early in summer for the
pine-ocak forest (Eigs. 9-12).

Generally, the periods distinguished were characterized by a
high proportion of large individuals, which were sexually mature
and often had a distinct clitellum. The largest individuals re-
presented such species as Henlea nasuta, Fridericie bisetosa end
F. callosa (Table VII). Relatively little enchytraeids belonged
to Hemienchytraeus bifurcatus, Enchytraeus buchholzi and Enchy=-

tronia parva.

Table VII. Mean body sizes of sexually mature and young of some
enchytraeid species

Mature individuals Young individuals
SRecies nug?er biomass nug?er biomass
| segments &g segments vy

Bryodrilus ehlersi |40.7 26611641 £ 965

I+
I+

B8Be.3|148.6 + 37.1| 16.3

Buchholzia append- '
A 7 T 32s0 # 2481 824 > 167 l15.1 b Dol IB .7 % Tl
Ench frasus DUCH> o3 4 4+ 2.6 48.0 + 17.2115.2 & 3.4}15.1 ¢ 7.9
Enchytronia parva [25.1 + 33| 35.9 # 23.1|15.1 % ol 33¢D'¢ Dol
Fridericia biseto0sa|54.6 + 6.6 (319.5 1166.113.4 6 3_6'}18_9 + 9.0|
- Callosa 38.2 + Sel 1363 +5 + 63.8 | .
Hemienchytraeus .
Henlea nasuta 55e5 + 7.7 |542.0 +168,8|22.5 + 0.,7|94,0 +91.6
Mesenchytraeus

e CénSiB - : - T3 +3 1 4,2|111.8 + 5.0

4.4, Total biomass of enchytraeid communities

Changes in the total biomass over the study period generally
followed the same pattern as the changes in density. This 1is
a result of the fact that biomass firstly depends on density and
to a lesser extent on the mean body weight (Fags. 13-16) .
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Fige. 13. Total biomass of different categories of enchytraeids
in Circaeo~Alnetum

For explanations see Figure 5
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Fig. 14, Total Dbiomass of different categories of enchytraeids
in Tilio-Carpinetum
For explanations see Figure 5
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Fig. 15. Total biomass of different categories of enchytraeids in
Pino=Quercetum |
For explanations see rFigure 5
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Fig. 16. Total biomass of different categories of enchytraeids in
Vaccinio myrtilli=Pinetum
For explanations see Figure 5



Table VIII. Mean biomass of enchvtraeids and percentage pfoportion of different

categories (K, P, T, S) of Cognettia sphagnetorum

Circaeo=Alnetum

~ e m—

Tilio=Carpinetun Pino=Quercetum Vaccinio myrtilli-Pinetum
Study periods
end variables C. sphagnetorun other C. sphagnetorum other C. sphagnetorun other C. spheagnetorun other
compared 4 spe~- spe~- spe= T spe-
K- P A o S cies K P ¥ S |cies K P T S cies K o ;4 S cies
B per m2 (mg) c88 68 121 13 374 1019 129 148 30 39 1004 98 105 32 63 776 109 91 29 25
% 81.0 6.4 11.4] 1.0 76.0 10.4] 11.2] 2.4 7735 10,0 9.6 2.7 73.2 13.3] 10.0 3.3
I : i | |
X 1565 1367 1304 1031
g — _—
B per n= (mg)| 1087 116 173 |42 608 2532 318 | 338 |30 147 3014 165 210 |18 309 2877 150 |231 25 26
% 76 .0 B85 12.4] 3.0 75.7 10.7] 12.3] 1.2 B81.2 5.0 7.0] 0.8 86.6 5.0 7 .4 1.0
II ‘
X 2028 [ 3366 3718 3311
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In period I, a higheet mean biomass of 1565 mg per m2 occur=-
red in the ash-alder carr, while a lowest mean biomass of 1031 mg
per m2 was recorded in the oligotrophic pine forest. In the oak=
-hornbeam and pine-oak forests intermediate values of 1367 and
1304 mg per mz, respectively, were recorded (Table VIII).

In all the ecosystems, mean biomass in period II was higher
than in period I from 1.3 times (ash-alder carr) to 3.2 times
(pine forest). It reached a highest value of 3718 mg per n=in the
pine~ocak forest, and a lowest value of 2028 mg per n> in the ash=
-alder carr. A similar pattern was followed by changes in density,
and it was related to the improvement in soil moisture conditions.

Like total numbers in period I, also the mean biomass gene-
rally reached minimum values in the period from July to October
and maximum values in winter (Figs. 13-16).

In period II this situation was largely changed. The lowest
biomass occurred in December (ash-alder carr) or in early spring
and winter (oak~hornbeam and pine forests) and the highest biomass
was in summer.

Identical changes were characteristic of the biomass of the
whole C. sphagnetorum, and this was related to a large proportion
of this group in the enchytraeid community (Table VIII).

There are few papers dealing not only with densities but also
with biomass of enchytraeids. This is caused by the necessity of
using indirect thus labour-consuming methods for body weight de-

termination.
Relatively high mean enchytraeid biomass was found in conif-

erous forests. A highest value of 10,79 g per m2 is given
by OIC. 0 N 0 0L (14963) for a Douglas=-fir plantation in  North
Wlales. The lowest mean enchytraeid biomass was found by K i t a =
z awa (1971) for two types of subalpine coniferous forests in
Japan (1.16 and 1.13 g per m2) and Hu h ta and Ko skien -
nemi (1975) for three pine forests in Finland (1.7, 0.95 and
0.9 .g per mz); Intermediate standing crops (calculated on the ba-
sis of only 2-4 sampling dates) are given by Abr ahamse n
(1972) for very poor cladonia-coniferous forests in Norway. The

mean biomass ranged in these ecosystems from 1.82 to 5.23 g per

<
m e

In broad-leaved forests, the mean biomass of enchytraeids is
less variable than in coniferous forests. A highest mean biomass
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of 3 g per n° was found for an aspen woodland in Canada (D a s h
and Cr agg 1972). A lower value of 2.45 g per m2 was found
for a temperate deciduous forest in Japan ( K4 t ez awa 1971).
An even lower value of 1.908 g per = was found for a beech wo-
odland in England (P h i 1 1ipson et al., 1979).

Against this background, the mean enchytraeid biomass  found
in the present study for coniferous forests and, in particular,
for oak-hornbeam and ash-alder forests are relatively high, espe-
cially in the study period II (more humid).

4.5 Production and elimination of biomass
in enchytraeid communities

Since the contribution of C. sphagnetorum to the total den=-
sity and biomass of enchytraeid communities was high, its bio-

mass production was the highest as compared with the other  spe-
cies.

In period I, the highest production of C. sphagnetorum was re=-
corded for the pine-ogk and oak =hornbeam forests (Table %), The
annual production in these ecosystems was 31.5 and 32.1 kJ per m2.

The other plant communities were characterized by a smaller en-
chytraeid production. In the ash-alder carr it was 25.6 kJ per
m2 and in the pine forest 17.3 kJ per m2.

A similar regularity was found for the elimination of the bio=
- mass produced by the dominant species. In the oak-hornbsam for-
est more than 35 kJ per n® passed from C. sphagnetorum to other
trophic levels and in the pine~ocak forest 33.0 kJ per m2. ‘The

rate of elimination was lower in the pine forest and in the
ash-alder carr, where it reached 10.1 and 19.5 kJ per mz.respec-
tively. |

In period II, the increase in density and total biomass  of
C. sphagnetorum was accompanied by an increased production of bio-

mass. This was most pronounced in the poorest community, thus in
the oligotrophic pine forest. In this ecosystem the biomas produc-
tion of C. sphagnetorum was five times of that in period I, and
it reached 87.3 k3J per e
increase as compared with period I, was observed in the pine-oak
and oak=hornbeam forests. In these communities, the annual pro-

« A similar value, but a less distinct



Table IX. Production and elimination of Cognettia sphagnetorum in two study periods

===

-

Vaccinio nyrtilli-

Study periods Circaeo=-Alnetum Tilio~Carpinetum Pino=-Quercetum -Pinetum
and variables e o — =9 I . =
compared AB I £ P AB E P AB E P AB J E
| S , 4. B
10.00| 37 32| 47 .32| =4 ,35| 66,97 | 62.,62| =3.95| 62.20| 58.2 18.17| 22 .64 40,80
| l ‘
0189 2146 3.35 —0153 4-42 3-88 -0014 4-17 4-0 0197 1.27 2.24
6.11 19.55j25.66 -3.00| 35.,08| 31.48|-0.92| 33.03| 32.15| 7.20 10.13l 17 .29
14 .24 72.82'87.06 8530112 .46 197.76¢78.55 121 .63 |200.,19] 19.31 |160.88|180.19
J
0.16I 4.73] 4.89| 3.53 6.88| 10.42| 3,99 7.85| 11.85 1.67 9.62] £1.30
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~duction of C. sphagnetorum was 94.37 and 79.55 kJ per mz, respec=-
tively. '
It follows from this that C. sphagnetorum, the most abune-
dant species in the study ecosystems, will play the most impor-
tant part in moderately rich ecosystems such as the oak-hornbeam
and pine~oak forests. In the years with high precipitation its
role in the retention and transfer of energy and nutrients will
increase also in very poor pine forests, where it can reach the
level similar to that in the oak~hornbeam and pine-oak forests.
The biomass produced by sexually reproducing species is small
as compared with C. sphagnetorum production. Only in the ash=al=-
der carr, where the species composition is most diversified, pro=-
duction of this group of enchytraeids is of some importance. In
period I its production reached 11.9 kJ per mz. In the other
three plant communities it was much lower - from 1.3 to 2.7 kJ

per m2 in the oak~hornbeam and pine forests, respectively

(Table iy

Table X. Elimination end production of enchytraeid species
sexually reproducing, in two study periods

’ l
‘ Tilio~ Pino= Vaccinio~

Circaeo= . ;
Stud eriods and 3 ~Car- -Quer- |myrtilli-
b Alnetum pinetum cetum ~-Pinetum

variables compared L RN W ; L____T L «
E " E P & P E P

.| | | Lo d
g m~“.year™* | 0.57| 1.67|0.22|0.19]0.27|0.39|0.22|0.24
I
kI-n™%.year ™t | 4.06[11.93(1.59(1.38(1.92]|2.76|1.59|1.67
. | I o | | k!
g - m-2‘ year-i 3-24 2157 0'21 0061 1.33 1&35 Oel4 0#12
11
| k3-m™%.year™ | 23.15/18.381.50(4.35 |9.54 [9.63|1.00|0.83
- ol ——

2

In period II, the production of biomass increased, particu=-
larly in the pine-~oak forest (3.5 times) and in the oak-hornbeam
forest (Tore than 3 times). The only exception was the pine for-
est, where the production dropped, reaching 0.8 kJ per m2. Like
in period I, the highest production of ! this enchytraeid group,
that is 18.3 kJ per mz. was recorded for the ash-alder carr.
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The total biomass produced by the enchytraeid communities in
period I ranged from 37.6 kJ per m2 for tne ashe-alder carr to
18.9 kJ per m2 for the pine forest. In period II, the production
of living tissues considerably increased in all the ecosystenms,
and most distinctly in the pine forest. The highest production
was recorded in the pine-oak forest, and it was 104 kJ per m2.

5. DISCUSSION AND CONCLUSIONS

The rate of fragmentation is of a key importance to the bi-
omass production and elimination in C. sphagnetorum. Practically,
it is not possible to determine this parameter by field or labora-
tory experiments. This would need a permanent control at short
time intervals of a large group of individuals, the age struc-
ture of which, as expressed by the number of segments, would
correspond to the actual age structure of the population. In sim-
ilar studies, St anden (1973) analysed the rate of fragmen-
tation for a group of C., sphagnetorum made up of more than 42 seg-
ments in a laboratory experiment. Her results are much lower than
those obtained in this paper. The discrepancy may result from dif=-
ferences in the methods applied, but also from the differences be-

tween C. sphagnetorum populations.

C'tryr 4 ea¢°&'n 8" e N (1959) examined the histological ag=
pect of the regeneration of segments in C. sphagnetorum. The
fragmentation of an individual is preceded by a distinct _:;ssue
transformation. A band of rapidly dividing cells is formed. These
cells grow towards the body cavity with peritoneum till they
- touch the wall of the alimentary canal. Head fragments (P) rege-

nerate the region of the anus, and at the same time one segment
is produced. Tail fragments (T) are subject to more complex trans-
formations leading to the formation of 2 new brain, septal glands,
and terminal part of the dorsal blood vessel. Prior to the fdbma- _
tion of a few first segments, these individuals are not active
and they do not take food. This may be the reason why indivi=-

duals P outnumbered category T in samples.
The rate of segment regeneration depends on temperature,
Sarings tt (1970) has found that the complete regenera-

tion of tail parts takes 76 days at 5°C and 56 days at 1670,
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Standen (1973) reports a much higher growth rate. She found
that the complete regeneration of tail segments covered: 26 days
at 10°C and 17 days at 15°C, She has also found that the regene-
ration of head (P) takes less time, 12 and 13 days, respectively,
at the same temperatures. On the basis of examination of a large
group of individuals, it has been assumed in the present paper
that fragments P become indistinguishable from the whole indi-
viduals after the regeneration of one segment. Using the known
rate of growth (Fig. 3), it is easy to calculate that this pro-
cess takes some 9 days at 10°C and some 5 days at 15°C. Thus, the
regeneration rate is higher from that recorded by S t a nde n
(1973) in laboratory experiments. This may have an effect on the
estimates of elimination and production - the latter may be over-
estimated. However, the elimination of individuals, calculated
in this paper, had ﬁegative values in some periods (autumn-winter
period ). This may be due to an immigration, but also indicates
that the rate of growth and fragmentation found here is rather
consistent with actual values.

Production of C. sphagnetorum was calculated from formula (5).
This method does not take into account the production due to in=-
dividual body growth, and it can be applied only when the body
weight at hatching approaches the body weight of adults (P e-
trusgenwniicz sndMactT aady e n 1970). C. sphagnetorum
meet this condition due to their way of reproduction = the in-
dividuals produced By fragmentation are smaller by half, on the
average, from the whole incividuals capable of fragmentation

(Table V).

Table XI. Biomass turnover (P : B) in Cognettia sphagnetorun
populations in two study periods

il 2 ;
Circaeo- ‘ Tilio~- Pino-
-Alnetum -Carpinetum|=Quercetun

Vaccinio
myrtilli-

Study periods
-Pinetum

= =

I | L eI | .34 3.67 2 o444
e v s 3683 3.46 3.70 3.67

The P : B ratio is a good index of the population producti-
vity (Table - o 4 Py C. sphagnetorum P : B varied from 2.44 toO

3,83 depending on the study period and plant community. In the
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vear of optimum water relations, this index was higher than in
the preceding period for all the ecosystems. On the basis of the
two-year study, a P : B of 3.0-3.7 can be considered as charac-
teristic of the population of C. sphagnetorum. St ain aoern
(1973) reports P : B values of 1.19 and 0.77 for two study years,
respectively. These are very low values as the author herself
‘stresses. P'h'i 1'1'1 p s'o'n et al. (1979) found a value of
4,93 for a multispecies enchytraeid community of a beech forest.

It should be noted that in this case production was calculated
from a known respiration, using the formulas developed by M C=
Neill and Lawton (1970) for short-lived poikilotherms
(log P = 0.8262, log R = 0.0948).

An ability to increase biomass more than three times over
a year shows that C. sphagnetorum is a good energy converter, ca-

pable of transferring large resources to other trophic levels.
A great advantage of this species is the way of reproduction.
Fragmentation enables it a rapid recovery after seasonal soil
overdrying in summer and also in spring as the temperature in-
creases. According to S pr ingettHt (1970), in permanently
wet peat soils the number of C. sphagnetorum was maintained at

a stable level over the growing season, which implies that the
emigration and mortality were balanced by reproduction and immi-
gration.

Summing up the results of this paper, it may be stated that:

1. The species composition of enchytraeid communities is sim=~
plified with decreasing biocoenotic and site richness. A total
of 17 enchytraeid species have been recorded (Table 11). This
figure is typical of the Circaeo-Alnetum, the richest and most
stable community. In poor ecosystems such as the pine forest, the
number of species is reduced almost by half, eight species being
recovered there.

2. The decrease in the number of species was coupled with
a growing dominance of Cognettia sphagnetorum. Depending on the
plant community or the study period, this species on the average
accounted for 68-98% of the total number and for 71-98% of the
total biomass of enchytraeids (Table III). Due to its asexual re-
production, this species is capable of rapid and precise respon-
ses to all important changes in the soil habitat. Under favoura-
ble food and moisture conditions its biomass can increase  many

times, large amounts of energy and nutrients being retained,
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3. In the ecosystems with a high matter and energy flow, mean
densities and biomass of enchytraeids are higher. At the same
time the effect of soil moisture is important. In period I,
the densities and biomass declined in parallel to the deteriora=-
tion of trophic conditions in a plant community, and in particu=-
lar to the reduction in leaf fall, rate of litter decomposition,
dehydrogenaze activity, and soil C : N. Along this gradient, the
mean density ranged from 25.5 thousand per n= for the ash-alder
carr to 16.8 thousand per m2 for the pine forest (Table IV),and
the biomass varied from 1.56 to 1.03 g per m2, respectively
(Table VIII). The highest densities and biomass -over the year
were found in early spring and also in autumn and winter (Figs. 5=
-8 and 13-16). Improved water conditions in period II accounted
for an increase in the total density and biomass for all the eco-
~systems and most effectively in coniferous forests. The highest
densities and biomass of enchytraeids were noted in the pine-
-oak forest, reaching 60.6 thousand per m2 and 3.7 g per m2,
and the highest ones in the ash-alder carr, reaching 33.5 thou=-
sand per m2 and 2.0 g per mz. No distinct seasonal peaks of den=-
sity and biomass were noted.

4., Cognettia sphagnetorum reproduce by fragmentation of a
small group of whole:individuals which are made up of 29-37 seg-
ments (Table VI). The rate of fragmentation and also the rate of
growth as measured by the number of segments increased with tem=-
perature. Most frequently, fragmentation occurs in the region of
segments 14-16, and it gives individuals mostly representing the
head and the tail. Also a8 small number of middle fragments are
produced. In these groups, the individuals regenerating the tail
(P) are always smaller from those regenerating the head (T). The
mean weight of the former varied in relation to the plant commu-
nity and study period from 27 to 36 ug, and that of the latter ca-
tegory varied from 33 to 40 wug (Table V). Individuals P become in-
distinguishable from the whole individuals after the regeneration
of one segment, individuals T after the regeneration of eight seg-
ments, while middle fragments after the regeneration of nine seg-

ments.
5. The highest production of C. sphagnetorum was recorded in

the oak-hornbeam and pine=-oak forests (Table IX). In period I,
it was 31.5 and 32 kJ per m2, respectively. In the period  with
high precipitation, the production of this species increased 2-4
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times, and for the same ecosystems it was 79.5 and 94.4 kJ per mz.
respectively. The production of C. sphagnetorum in the ash-al-
der carr and in the pine forest was lower than in the oak-hornbe-

‘am and pine-oak forests over the two study periods.

"6 P : B of C. sphagnetorum population ranged from 2«44
to 3.83, depending on the forest community and study period
. (Table XI).

6. SUMMARY

The study was carried out in four plant communities of the
Kampinos Forest, such as the ash-alder carr (Circaeo-Alnetum),oak-
-hornbeam forest (Tillio-Carpinetum), pine-oagk forest (Pino-Quer—
cetum) and pine forest (vaccinio myrtilli-Pinetum) (Table I). The
materials collected for over two years were classified to  two
periods not coinciding with the calendar year. Period I - ex=-
tended from May, 1976 to the end of April, 1977. Period .II ex~-
tended from May, 1977 to the beginning of May, 1978.

To estimate tne density of enchytraeids, a series of 30 soil
cores 100 cm® 1in volume were taken in regular intervals. O’Con-
nor’s method was used to extract the animals. A total of about 52
thousand individuals were collected.

Live body weight was estimated on the basis of its relation
to the body length of preserved specimens (Fig. 1). All individu-
als from 10 so0oil cores on each sampling date were measured, a to-
tal of 14 thousand individuals being analysed.

The dominant species in all the ecosystems was Cognettia
sphagnetorum, the species reproducing by fragmentation. It ac-
counted for 68-98Y) of the total density and for 71-997) of the
total biomass of enchytraeids (Table III). Four categories of C.
sphagnetorum individuals were distinguished in the samples: re-
generating the tail (P), regenerating the head (T) regenerating
both the head and the tail (S), and whole individuals without de=-
tectable signs of regeneration (KT

The production of both C. sphagnetorum and the species sexu=-
ally reproducing was estimated. The production of the dominant
species was calculated on the basis of the number of individu=-
als that could be produced in the population during the period be-
tween sampling dates. It depends on the number#of individuals ca-~

¥
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pable of reproduction and also on the rate of growth and fragmen=-
tation. The body size of enchytraeids that can fragment was cal-
culated from formula (12). It has been found that only a small
part of the whole individuals, with a body size of 29-37 seg~
ments, is subject to fragmentation (Table VI). The frequency of
fragmentation depends on ambient temperature (Fig. 4).The growth
rate of whole C. sphagnetorum individuals was examined at 5, 10,
15 and 20°C (Fig. 3). It has been assumed that the growth rate of
regenerating individuals is the same as whole ones. Enchytraeids
of the category P pass to the category of whole individuals after
the regeneration of one segment, those of the category T after
the regeneration of eight segments, and the category S after the

regeneration of nine segments.

The data obtained made it possible to estimate the number
of individuals that could be produced in the period between sam-
pling. The production of biomass was obtained as @& product of
this number and the mean body weight. '

Over the two~year study period, 17 enchytraeid species have
been recorded. @All of them occurred in the ash-alder carr. In
the coniferous forests the number of species was reduced by half,
eight species being recorded there (Table 11).

C. sphagnetorum predominated in all the forest communities
by number and by weight. In some periods this species accounted
for 100% of the community. Generally, in period I the density
dropped from 25.54 thousand per m2 in the ash-alder carr to 16.83
thousand per m2 in the pine forest (Table IV). In period II, the
density increased in all the ecosystems, and most markedly in
- the coniferous forests. This increase was related to an improve-
ment in soil water conditions as a result of heavy precipitation.
In that period an average of 29.52 thousand per mz were recorded
in the ash=alder carﬁ. 38.57 thousand in the oak-~hornbeam forest,
and 39.49 thousand per m2 in the pine~oak forest.

Similar regularities were found for the biomass of enchy-
traeids (Table VIII). In the first year the biomass decreased
from 1565 to 1031 mg per < along the gradient from the ash-alder
carr to the pine forest. In period II, the highest mean biomass,
like the highest density, occurred in the pine-~oak forest, where
it reached 3718 mg per mg. and the lowest one was recorded in
the ash~alder carr, where it was 2028 mg per m2. Also seasonal
changes in‘density and biomass were similar (Figs. 5-8 and 13-16).

- 4 — Ekol. pol, 31, 1
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In period I, the highest standing crop was noted in May-June,

in autumn, and in winter. In period II, no so characteristic of

saprophages spring and autumn peak numbers and biomass were noted.
C. sphagnetorum populations mostly consist of whole individu-

als without detectable regeneration. They accounted for about 54
to 74% of the total density and for 73-87% of the total biomass,
depending on the study period and plant community. The other
groups were less abundant, and their proportions did not exceed
a few per cent. | '

Mean body weight of enchytraeids, including whole C. sphagne-
torum individuals, is subject to very regular changes (Figs.9-12).
The heaviest individuals occur in winter and the lightest in sum=-
mer. This fact is due to fragmentation, which is intense in sum=-

mer and negligible in periods with low temperatures.

Most of the enchytraeid production in the forest ecosystems
under study was due to C. sphagnetorum. The species showing sexu-
al reproduction produce very little biomass. In the oak-~hornbeam,

pine-oak and pine forests, the production of this group varied
-2 -1

from 0.83 to 4,35 kJ - m <. year ~. Only in the ash-alder carr
they produced as much as 11.93 kJ - W, yr'l'in'period I and
18.38 kI - m™%. yr™! in period II (Table X).

The dominant species produced biomass the energy value of
which ranged from 17.29 k3 - m™% . yr-i in the pine forest to
32,15 and 31.48 kJ . gl yr"'1 in the pine-oak and oek-=hornbeam

forests, respectively (Table IX)s In period 1II, the production
increased in parallel to density and biomass. The increase was
most distinct in the pine forest (87;29 KJ' - m""'2 ‘ yr'i and in
the pine-ocoak forest (94.37 kd - m'z : yr-l).

The comparison of mean biomass and production shows that
C. sphagnetorum can multiply its biomass many times over the year.
P : B varied for this species from 2.44 to 3.83, depending on the

ecosystem and study period (Table XI).

7. POLISH SUMMARY

Badania prowadzono w czterech =zespotach 1lesnych Puszczy
Kampinoskiej: w Zegu (Circaeo-Alnetum) gradzie (Tilio-CarEino -
tum), borze mieszanym (Pino-Quercetum) i borze sosnowym (Vaccin-
io myrtilli-Pinetum) (tab. I). Materialy zebrane w ciagu przeszlo
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2 lat rozdzielono na 2 okresy, ktére nie pokrywaja sie z latami
kalendarzowymi, Pierwszy okres trwat od maja 1976 do kofica kwiet=-
nia 1977 re. Drugi od maja 1977 do poczatkdw maja 1978 r.

Dla oceny zage¢szczenia pobierano kazdorazowo 30 préb glebo-
wych o objetosci 100 cm>. Wazonkowce ekstrahowano metoda O’Conno-
ra. Ogdtem zebrano ok. 52 tys. Osobnikédw.

Zywa biomase osobnikodw oceniano na podstawie jej =zaleznosci
od diugosci ciaia zwierzat konserwowanﬁch (rys. 1). Pomiarami ob-
jeto wazonkowce z 10 prob podstawowych w kazdym terminie. Zanali-
zowano w ten sposéb 14 tys. wazonkowcow,

Gatunkiem dominujgcym we wszystkich ekosystemach jest rozmna-
Zajacy si¢ przez fragmentacjeg gatunek'Cognettia sphagnetorqg. Sta-
nowi on 68-98}% zageszczenia i 71-99) biomasy Enchytraeidae (tab.
III)., W srébach gatunek ten reprezentuja 4 kategorie osobnikodw:
regenerujace tylna czesc ciala (P). regenerujace giowe (T), odtwa =
rzajace zarowno giowe jak i tyl ciaia (s) oraz osobniki kompletne
bez widocznej regeneracji (K). |

Oceniono produkcje C. sphagnetorum oraz gatunkdw rozmnazaja-
cych sig¢ generatywnie. Podstawa obliczen produkcji dominanta byia
liczba osobnikdéw, ktdére mogily byc wytworzone przez populacje w
okresie migdzy terminami pobierania prdb. Zalezy ona od ticzby
osobnikdw zdolnych do rozrodu oraz od tempa wzrostu i fragmen~
tacji. Rozmiary wazonkowcow podlegajacych podziaiom okreslano we-
diug wzoru (12). Stwierdzono, ze fragmentacji podlega niewielka
czgsSC osobnikéw kompletnych o rozmiarach 29«37 segmentoéw (tab.vi).

Czgstos$¢ podziaiéw jest zalezna od temperatury otoczenia (rys. 4).
Zbadano tempo przyrostu osobnikow kompletnych C. sphagnetorum w

temperaturach 5, 10, 15, 20°C (rys. 3). Przyjeto w obliczenieach,
~2e szybko$c¢ przyrostu osobnikéw regenerujacych jest taka sama jak
okazéw kompletnych. Wazonkowce kategorii P przechodza do osobni-
kéw kompletnych po wytworzeniu jednego segmentu, kategoria T -~ 8
segmentow, kategoria S odbudowuje 9 segmentow .

Uzyskane dane pozwalaja oszacowac liczbe osobnikéw, jaka mo-
gta byc wytworzona w okresie ograniczonym terminami pobierania
préb. Mnozac te liczbg przez sredni cigzar osobnikéw w poszcze-
gélnych kategoriach otrzymano produkcje biomasy.

W toku 2-letnich badan stwierdzono wystepowanie 17 gatunkow
Enchytraeidae. Liczba ta jest charakterystyczna dla zespoiu Zggo-
wego. W ekosystemach borowych liczba  gatunkdw jest 2=krotnie

mniejsza i wynosi 8 gatunkéw (tab. II).
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We wszystkich zespozach lesnych, zardéwno w zageszczeniu jak
i w biomasie, przewaza C. sphagnetorum, W niektorych terminach ga-

tunek ten stanowi 100% zgrupowania. Ogdiem w I okresie badan sred-
nie zage¢szczenie. maleje od 25,54 tys. na m2 w Xegu do 16,83  tys,.
na m2 w borze sosnowym (tab. IV). W nastepnym roku zageszczenie
wzZrasta we wszystkich ekosystemacn, a najsilniej w borach. Zmiany
te sa zwiazane z poprawa warunkéw wodnych gleby w wyniku intensyw-
nych opadow. W tym okresie w 2egu stwierdzono srednio 29,52 tys.
na m2, natomiast w gradzie i borze mieszanym odpowiednio 38,57
i 39,49 tys. na mz.

Podobne prawidiowosci wykazuje rdwniez biomasa Wazonkowcow
(tab. VIII). W pierwszym roku, w gradiencie od %iegu do boru sos-
nowego, Oiomasa maleje od 1565 do 1031 mg na mz. Réwniez w II
okresie badan analogicznie do zageszczeénia najwieksza érednia ma-
sa zywa Enchytraeidae zostala stwierdzona w borze mieszanym -

3718 mg na mz, najnizsza w egu = 2028 mg na m2. Rowniez zmiany
sezonowe zageszczenia 1 biomasy sa podobne (rya. 5=8, 13-16).
W I okresie badan najwyzZsze stany biomasy rejestrowano w maju-
-czerwcu oraz jesienia i zima. W II okresie brak, tak typowych
dla saprofagdéw, maksiméw wiosennych i jesiennych liczebnosci i
biomasy. '

Przewazajaca czesc populacji C..sphagnetorum tworza osobniki
kompletne, bez widocznej regeneracji. Stanowia one w zaleznosci
od okresu badan i zespoiu roslinnego ok. 54-74% zageszczenia i
73-87% biomasy. Pozostaie grupy sa mniej liczne i udziat ich nie
przekracza kilku procent.

Sredni ciezar osobnika Enchytraeidae ogétem, a takze komplet-
nych okazdéw C. sphagnetorum zmienia si¢ w sposdéb bardzo regularny
(rys. 9-12). Najciezsze okazy wystgpuja w miesiacach zimowych,
najlzejsze latem. Fakt ten nalezy wiazac ze zjawiskami fragmen-
tacji -~ intensywnej latem, znikomej w miesiacach o niskiej tempe-

raturze.
Przewazajaca czesc produkcji Enchytraeidae w badanych ekosys-

temach lesnych realizuje C. sphagnetorum. Gatunki o rozrodzie ge-
neratywnym wytwarzaja znikoma ilosc¢ biomasy. ngradzie. borze mie=-
szanym i borze sosnowym produkcja tej grupy ksztaituje si¢ na po=~
ziomie od 0,83 do 4,35 kJ - o, rok™, Znaczgca ilos$c biomasy pro-
dukuja te gatunki jedynie w 1equ - 11,93 kJ - m-z} r'ok"1 (I okres)
i 18,38 kJ - mn~2. rok~?1 (11 okres) (tab. X).

Gatunek domihujacy produkuje biomasg o wartosci energetyczne]
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od 17,29 kJ :m <« rok

. rok™t

w borze sosnowym do 32,15 i 31,48 kJ . m
w borze mieszenym i gradzie (tab. Ix). W nastgpnym roku,
rownolegle ze wzrostem zageszczenia i biomasy, rosnie produkcja -
najwyrazniej w borze sosnowym (87,29 KT m'z.
szanym (94,37 k3 - m™%. rok™1).

Poréwnujac sSrednia biomase i produkcje stwierdza sie, 2e w
ciagu roku C. sphagnetorum jest zdolna kilkakrotnie wytworzyc
istniejaca w terenie biomas¢. P : B tego gatunku zmienia sig¢ w
réznych ekosystemach i latach badaf od 2,44 do 3,83 (tab. XI).

rok-l) i borze mie~-
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