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Abstract. The numbers and biomasses of soil invertebrates were investigated in a
reserved field in central Finland. Samples were taken monthly from June to September.
Five methods were employed to extract the animals from the soil samples. The animals
were counted, measured and their dry biomasses were estimated by body length/weight
regressions and dry weight/wet weight ratios derived from the literature. In July the
total biomass of the soil invertebrate community (excluding Protozoa, Tardigrada and
Rotatoria) was about 9.6 g dry weight m' 2. The most dominant groups were Lumricidae
(73.1 %), Enchytraeidae (5,7 %), Oribatei (5.0 %), and Nematoda (4.4 %). In Sep-
tember the biomass of Diptera larvae was high (1.0 gdw m‘ 2). In numbers nematodes
were superior (maximum 12 million m“ 2 ) to other groups.

Oribatei, Mesostigmata and Collembola were more concentrated to the soil surface
than other Acari, Enchytraeidae and Nematoda. The mean individual size decreased
with depth in all of the studied groups.

Introduction

During the last fifteen years far more quantitative studies of soil animals
have been published than earlier. The main reason for this is, in addition to
the better understanding of the importance of soil animals in litter break-down
processes, in the rapid developement and evaluation of extraction methods
(e.g. Phillipson 1971).

The almost total death of above-ground vegetation in the autumn is char-
acteristic of temperate grasslands. This organic material together with dead
parts of underground vegetation is the primary energy source for decomposers
living in litter and soil. The actual decomposition of organic compounds is
mostly performed by soil bacteria, fungi and other microorganisms, which in
turn are an important source of food to soil animals (Burges and Raw 1967).

1) Present adress
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Reserved fields (for background see Hokkanen and Raatikainen 1977,
Törmälä 1977, Hokkanen 1979) differ fundamentally from fields in agricultural
use, e.g. pastures and fields for hay, because the primary production is not
harvested and transferred outside the ecosystem. Thus the amount of organic
material available to decomposers is much higher in reserved fields and natural
grassland habitats than in managed grasslands of equal productivity.

The soil fauna of grasslands has been investigated within the framework of
the International Biological Programme e.g. in Sweden (Persson and Lohm
1977), Poland (Nowak 1971, 1975, Wasilewska 1974) and USA (Crossley
et al. 1975). In Finland quantitative information about the soil fauna is available
only of forest ecosystems (Huhta et ai. 1967, Huhta and Koskenniemi 1975)
and different kinds of sewage sludge and crushed bark mixtures (Huhta et ai.
1977, in print).

This paper forms a part of studies on reserved fields initiated in 1973 at the
University of Jyväskylä. It aims to give a general picture of the quantity of
different soil animal groups in a typical reserved field in central Finland.

Material and methods

Study site
The sampling was performed in a reserved field, Ruokepuolinen, in the

rural commune of Jyväskylä (62°14' N, 25°36' E) in 1976. The field had been
uncultivated and unmanaged for seven years. The vegetation was dominated
by Achillea plarmica, Poa pratensis, Agrostis tenuis, and Deschampsia caespi-
tosa. For detailed information about primary production and the dynamics
of the vegetation and fauna of the field stratum see Törmälä and Raatikai-
nen (1976). The vegetation and field stratum fauna were also sampled in 1978
(Törmälä in prep.).

The weather data, based on observations made at Jyväskylä airport some
15 km north of the study site, are presented in Table 1.

Table 1. Weather data for thirty days preceding each sampling date (Anon. 1976).

Period 18.05.-17.06. 19.06.-18.07. 19.07.-17.08. 18.08.-16.09.

Mean temperature °C 10.6 13.3 15.1 10,4
Rainfall mm 21.8 81.3 73.6 92.1
No. of rainy days 13 21 13 18

Sampling
Ten sampling plots were chosen at random from the 0.6 ha study field.

Each plot (10 X 5 m) was sampled on 18 June, 19 July, 18 August, and 17
September. An area of one square meter was selected from each plot by
random tables for the actual sampling.

Samples for analyzing the physical properties of the soil were taken with
a corer of the type described e.g. by Persson and Lohm (1977) . The plastic



174

rings inside the corer which allow a convenient division of samples to vertical
fractions were three cm high. The corer took samples from an area of 9.51 cm2 .

Samples from the layers o—3 cm and 6—9 cm were taken each time. On 19
July and 17 September additional samples down to 15 cm were taken from
five of the plots.

Microarthropods (Acari and Collembola) and Nematoda were taken with
the same corer as the physical samples. Usually only the layers o—3 cm and
6—9 cm were sampled, but on 19 July samples from 3—6, 9 12, and 12—l5
cm were also taken from five of the plots. The sampling procedure for
Enchytraeidae was the same but the area of the corer was 24.15 cm 2

. Macro-
scopic arthropods and Lumbricidae were sampled from an area of 625 cm2

to a depth of eight cm by a spaddle described by Huhta et ai. (1967).

Physical determinations
The soil samples inside the plastic rings were put in tight plastic bags in the

field and transported to the laboratory, where they were immediately weighed
to the nearest 0.01 g. The samples were then dried in 105°C for 24 hours to
determine the water-free wight. Loss on ignition (organic content) was measured
after keeping the samples in an oven (550° C) for four hours.

Extraction techniques
The extraction of nematodes followed the modified Oostenbrink (1960)

cotton wool filter method described by Huhta and Koskenniemi (1975) with
the following exceptions: the original soil sample (9.51 cm 2 X 3 cm) was mixed
with a Vibromixer in one liter of water. The subsample for the actual filtra-
tion was only 0.05 1 because of the great number of nematodes. The lower
samples were filtrated with 0.1 1 of the suspension. Decantation was per-
formed because of the high mineral content of the soil.

Wet funnel technique (O’Connor 1962) was employed for Enchytraeidae.
This method is efficient and requires much less laboratory work than Nielsen’s
(1955 a) method.

Earthworms were extracted with the large wet funnel described by Huhta
and Koskenniemi (1975). This method is much easier and more efficient es-
pecially for small worms than hand-sorting, and it proved to be suitable for
the soil type of the study field.

Acari and Collembola were taken from the samples by an infrared high-
gradient extractor originally described by Lussenhop (1971) and later modified
by Huhta and Koskenniemi (1975). The water bath was kept at a desired
temperature with a compressor connected to a thermostat.

Larger arthropods were extracted with closed Tullgren funnels described
by Huhta (1972).

Estimation of biomass
The extracted animals were identified, counted and their body lengths

were measured. The nematodes were measured alive in water, other groups
in 70 per cent alcohol. Large animals were measured against the lines (2 mm
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apart) of the counting dish and small ones by means of an ocular grid of the
binocular microscope. The length was not determined absolutely but the
animals were placed to the nearest of the following size categories: 0.1, 0.15,
0.2, 0.3, 0.4, 0.5, 0.6, 0.8, 1.0, 1.2, 1.5, 2.0, 3,4, 5,6, 8, 10, 12, 15, 20,
30, 40, 50, 60, 70, 80, 100, and 120 mm.

For Coleoptera dry weights for each species (Koskela and Hanski 1977)
or length/dry weight regressions (Koskela, unpublished) were employed. The
biomass of Coleoptera and Diptera larvae was estimated by length/dry weight
regressions specific to each family (Koskela, unpublished).

The dry biomass of the remaining groups was determined by the following
procedure: by the length of animals wet weights were obtained and these were
converted to dry weights (Table 2). The conversion of wet weights to dry
ones may lead to under- or overestimates because a single conversion factor
was used for each of the wide taxonomic units. This procedure was, however,
considered necessary since dry weights provide a more sound basis for compari-
sons between and within the ecosystems.

Table 2. Constant a and b for the regression equation logY =blogX + a for wet weights.
Y is the wet weight (in fig) and X is the length of an animal in mm. c is the conversion
factor from wet to dry weights. In brackets is the base of the logarithm in the equations.

Taxon b a c

Nematoda 1.872 (e) —0.712 0.25 s
Enchytraeidae 1.832 (e) 1.842 0.18 s
Allolobophora caliginosa (mg) 2.07 s (10) —2.55 s o.lB s

Other Lumbricidae (mg) 2.07 s (10) —2.44 s o.lB s
Araneae 3.431 (10) 1.881 0,27 s
Collembola 0.2—l.O mm 2.431 (10) 1.311 0.35 s

C. 1.2—3.0 mm 2.421 (10) 1.491 0.35 s

Oribatei 2.51 1 (10) 2.381 0.40 s
Mesostigmata 3.232 (e) 5.042 0.40 s
Other Acari 2.06 1 (10) 1.461 0.40 s

') Huhta and Koskenniemi 1975, 2) Huhta et al. in print, 3) Edwards 1967, 4) Abrahamsen
1973, 5) Edgar 1971, s) Person and Lohm 1977.

Results
Soil

Soil moisture together with temperature is the most important factor
causing fluctuations in the populations of soil animals. In this study soil
moisture is expressed as percentage of water in the volume (Table 3, Fig. 1).
The data are not very relevant because they only indicate the situations on the
sampling dates. The soil was driest in July and August. The sampling on 19
July was preceded by 13 rainless days. Changes in soil moisture did not seem
to be as sharp in the deeper layer as in the upper one (Fig. 1).
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Table 3. Bulk density, organic content and amount of water in the soil of the study field on 17 September.

Bulk density Organic content Water of volume n

Depth cm g/cm3 dw S.E. g/cm3 dw S.E. % S.E. % S.E.
0-3 0.66 0.06 0.099 0.005 15.00 2.00 55.09 1.96 10
3-6 1.02 0.04 0.089 0.004 8,73 0.92 51.57 2.06 5
6-9 1.11 0.04 0.090 0.010 8.10 1.07 50.09 2.03 10
9-12 1.12 0.11 0.087 0.011 7.76 2.41 49.44 2.82 5

12-15 1.12 0.03 0.082 0.005 7.32 0.70 50.84 1.87 5

The mineral content in the soil of the study field was quite high especially
in the lower layers. The organic material in Table 3 includes, in addition to
detritus and humus, the living component of the soil.

The vertical distribution of organic material was surprisingly even in absolute
amounts while the percentage of organic material decreased with depth (Table
3). From 6 to 15 cm there were no changes in the bulk density of the soil.

Vertical distribution
The division of animals to above- and below-ground components is often

arbitrary. Firstly, many animals use different horizons in different seasons
or stages of their life cycle. Secondly, there is not usually any clear dividing
line between the litter and the actual soil. In this study, litter was included in
the samples and the division of animals was done on a taxonomical basis. For
example the Tullgren funnel extraction gave many other animals (Homoptera,
Heteroptera, herbivorous Coleoptera, etc.) in addition to those included in
this report. But as they were known to be herbivorous or/and to live mostly
in the field stratum they were ignored. Protozoa, Rotatoria and Tardigrada,
which belong to the actual soil fauna, were neglected because the filtration
method is unsuitable or at least questionable for these groups.

The sampling procedure employed allows an analysis of the vertical dis-
tribution of Nematoda, Enchytraeidae and microathropods. Seasonal changes

Fig. 1. Percentage of water of the soil
volume in 0 3 cm (•) and 6 9 cm (■).
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in vertical distribution of these groups, expressed as the percentage of the
number or biomass in 6—9 cm from that in o—3 cm, show a common feature:
low values in August and/or September (Fig. 2). This indicates that the animals
were at that time more concentrated to the surface layer of the soil. The
greatest seasonal variation occurred in Enchytraeidae, of which there
were very few in 6—9 cm on 17 September. Seasonal variation in vertical
distribution was small in Collembola, Oribatei and Mesostigmata.

On 19 July a more precise sampling was performed in order to compare
the vertical distribution of different groups of animals. It should be noted
that the results are strictly valid only for that particular sampling day, since,
as shown above, seasonal changes in vertical distribution were not synchronized
in the groups studied.

Oribatei, Mesostigmata and Collembola concentrated to the surface of
the soil (Fig. 3). E.g. 99 %of the biomass and 88 % of the numbers of Oribatei
were in the uppermost three centimeters. The Nematoda, Enchytraeidae and
other Acari had a more even vertical distribution. Only 58 % of the biomass
and 48 % of the numbers of other Acari were in o—3 cm.

On comparing the curves based on numbers and biomasses within the
animal groups (Fig. 2 and 3), one finds that their shapes are different. Generally,
the biomasses were more concentrated to the upper layers than the numbers.
Fig. 4 clearly demonstrates that the mean individual weight decreases with
depth in all of the animal groups studied. The phenomenon is most explicit
in Oribatei and Mesostigmata and least in Nematoda.

Numbers and biomasses
The densities and biomasses of the soil invertebrates are given in Tables

46. Figures from different sampling dates were not compared statistically
because the vertical distribution was satisfactorily examined only on 19 July.

Fig. 2. Percentage of numbers (a) and
biomasses (b) of some soil animal groups
in 6—9 cm of the amount in 0— 3 cm.

1. Nematoda, 2. Enchytraeidae, 3. Meso-
stigmata, 4. Oribatei, 5. Other Acari,
6. Collembola.



Obvious trends an rough estimates for total abundances and biomassesd
will be, however, given below. No corrections were made in the figures to
cover the possible losses during sampling and extraction.

Nematoda was clearly the most numerous of the groups studied and if
one takes in account the worms living below the sampling depth (15 cm) their
number was about 12 000 000 nr 2 on 19 July. On other sampling dates they
amounted to 68 million nr2

. Their biomass ranged from about 250 to 450
mg dw nr2

, and they contributed to the total biomass about 4.5 %on 19 July.

Fig. 3. Vertical distribution of num- 0— 3 cm is 100 %. 1. Nematoda, 2.
bers (a) and biomasses (b) of some soil Enchytraeidae, 3. Mesostigmata, 4.
animal groups on 19 July. Amount in Oribatei, 5. Other Acari, 6. Collembola.

Fig. 4. Mean individual weight
in some soil animal groups on
19 July as a function of depth.
Weight in 0— 3 cm is 100 %.

1. Nematoda, 2. Enchytraeidae,
3. Mesostigmata, 4. Oribatei,
5. Other Acari 6. Collembola.
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Table
4.
Numbers
(a)
and
biomasses
(b)
of
soil
invertebrates
in

vertically
divided

samples.
The
lower
numbers
indicate
the
standard

errorof
the

mean.

a

(No./m2
)

June

July

August

September

Depth
cm

0-3

6-9

0-3

3-6

6-9

9-12
12-15

0-3

6-9

0-3

6-9

Nematoda
(xlO
3
)

3
941

728

5
492

2
358

1
782

1
156

470

4
334

776

3
916

1
102

172

79

374

478

496

258

88

411

84

429

125

Enchytraeidae
30
260

4
211

23
420

10
820

7
071

2
086

2
395

39
060

2
318

41
500

232

4
012

883

2
941

915

157

119

950

4
987

728

4
974

15

Mesostigmata
5
465

420

10
720

526

420

105

105

10
620

315

10
620

631

1
448

232

1
155

33

235

14

14

2
729

160

2
742

320

Oribatei

32
060

946

12
610

841

210

526

210

36150
1
366

39
410

710

4
500

365

1
813

792

140

456

198

6
711

683

8
432

171

Other
Acari

11
990

5
045

13
140

4
099

7
250

2
997

946

14
080

5
360

20
560

5
675

1
854

975

1
991

2
035

1
032

1
242

643

3
309

1
101

3
373

1
006

Collembola
21
020

3
258

22
180

2
733

2
207

841

631

48
660

3
679

33
842

4
940

4
716

1
076

6
719

1
422

911

485

505

10
735

611

5
012

886

n

10

10

10

5

10

5

5

10

10

10

10

b

(biomass
mg
dw
m-2
)

June

July

August

September

Depth
cm

0-3

6-9

0-3

3-6

6-9
9-12

12-15
0-3

6-9

0-3

6-9

Nematoda
150.1

27.0

211.7

94.2

61.2

39.6

15.2

185.0

26.2

134.8

37.5

12.8

3.0

12.8

17.9

15.2

11.1

3.7

16.4

2.5

16.6

4.3

Enchytraeidae
518.7

57.7

359.5

88.7

72.4

14.9

14.8

749.3

30.2

822.0

1.6

87.1

13.2

71.6

12.0

17.9

8.6

6.9

101.5

11.3

136.3

1.0

Mesostigmata
136.3

4.2

133.9

2.8

2.1

0.3

0.1

158.7

12.8

133.6

4.9

38.3

3.4

26.9

2.5

1.3

0.5

0.2

41.7

7.2

45.5

3.3

Oribatei

1
425.6

7.9

471.4

1.4

0.2

1.3

1.8

945.2
34.0

709.8

3.8

262.9

5.7

119.9

1.7

0.1

1.4

2.5

185.0
19.1

170.6

2.0

Other
Acari

9.3

2.1

6.5

2.2

1.8

0.5

0.3

8.1

1.2

11.7

2.4

2.3

0.4

0.7

0.3

0.3

0,3

0.3

3.1

0.2

4.1

0.5

Collembola
111.0

10.8

89.5

8.5

5.5

1.5

1.2

122.6
11.7

165.9

8.9

30.1

4.7

23.1

5.8

3.0

0,8

1.0

22.0

4.2

48.2

1.7

to
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Table 5. Numbers and biomasses of soil invertebrates in samples that were not divided vertically.
Sampling depth was 8 cm. The lower figures indicate the standard error of the mean.

Taxon June July August September
No./m 2 mg/m 2 No./m2 mg/m2 No./m2 mg/m 2 No./m2 mg/m 2

Dendrobaena 297.6 1 941 270.4 5 479 184.0 3 492 198.4 2 119
octoedra 23.5 231 38.8 763 31.0 674 27.6 337
Allolobophora 25.6 1 941 27.2 943.5 49.6 639,9 25.6 754.4
caliginosa 8.7 810 7.2 467.4 16.1 223.0 5.9 324.8
Lumbricus 22.4 2 896 24.0 1 172
rubellus -

-
-

- 9.3 1 396 5.5 389
Octolaesium 9.6 2 625 3.2 585.3
lacteum 6.4 2 626 2.1 389.5 .
Lumbricidae 332.8 6 507 300.0 7 008 256.0 7 024 248.0 4 046
total 27.1 2 758 39.5 1 090 45.4 2 050 29.7 737
Araneae 371.2 33.8 307.2 26.0 542.4 107.8 260.8 43.9

42.1 6.9 45.1 3,4 155.9 32,0 31.7 11.1
Coleoptera 217.6 149.5 233.6 216.1 198.4 151.7 220.8 185.7

34,4 30.4 43.5 44.2 37,6 48.1 51.5 66.2
C. larvae 697.6 349.9 470.4 286.2 268.8 332.0 344.4 184.4

84.1 123.8 48.9 71.0 30.5 260.7 59.4 41.7
Nematocera 148.8 26.3 1 414 241.0 225.6 143.7 300.8 813.9
larvae 30.3 22.1 909 185.0 72.6 53.1 53.4 524.1
Brachycera 110.4 78.6 139.2 98.7 112.0 151.9 72.0 229.8
larvae 25.3 46.6 26.5 34.0 21.5 53.1 11.7 91.7

Table 6. Numbers and biomasses of soil invertebrates on 19 July in the reserved field. Sam-
pling depth for Lumbricidae and macroarthropoda 8 cm and for other groups 15 cm.

No./m2 mg dw/m2Taxon o, %'o

Nematoda 11 260 000 98.83 422.2 4.41
Enchytraeidae 47 000 0.42 550.3 5.74
Lumbricidae 300 0.00 7 008.0 73.14
Aranaea 307 0.00 26.0 0.27
Mesostigmata 11 880 0.10 139.3 1.45
Oribatei 14 400 0.13 476.1 4.97
Other Acari 27 430 0.24 11.3 0.12
Collembola 28 590 0.25 106.2 1.11
Coleoptera 233 0.00 216.1 2.26
C. larvae 470 0.00 286.2 2.99
Diptera larvae 1 553 0.01 339.7 3.54
Total 11 392 525 100.00 9 581.6 100.00

The number of Enchytraeidae varied during the summer around 50 0002

nr2
. Their biomass was greatest in August and September, 1.0—1.2 gdw m.,

while in July it was only about 0.6 g dw nr2
.

Four lumbricid species were found in the study field, namely Allolobophora
caliginosa (Sav.), Dendrobaena octoedra (Sav.), Lumbricus rubellus Hoffm., and
Octolaesiuni lacteum Örley. The total number of earthworms decreased to-
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wards the autum and their biomass also was lowest in September in the upmost
8 cm. Because some very large specimens occurred in clumps the S. E. of the
biomass estimates are big. In numbers D. ocloedra was superior to the other
species (72—90 %). This small species covered 30 —7O % of the total biomass
of earthworms. L. ruhellus and 0. lacteum were met only on two sampling dates.
The total biomass of Lumbricidae probably exceeded 10 g dw nr2 during
maximum. They contributed 73 % to the total biomass of soil animals on 19
July.

The number of Araneae varied between 260 and 542 nr2
. Most of the

specimens at the maximum on 18 August seemed to belong to a single species.
The biomass of spiders ranged from 26 to 108 mg dw nr2

.

The abundance and biomass of adult Coleoptera were fairly constant
throughout the summer. Coleoptera larvae were most abundant in June.

Nematocera larvae were on every sampling date more numerous than
Brachycera larvae. The biomasses were more equal but in the last sampling
Nematocera was superior to Brachycera. On 17 September the total biomass
of the Diptera larvae was as high as 1.0 g dw nr2

.

Springtails had their maximal density in August (ca. 60 000 nr2). On other
sampling occasions their number was about 30 000 —5O 000 nr2

. The peak
biomass of Collembola in September probably slightly exceeded 0.2 g dw nr2

.

Mesostigmata had an almost equal abundance around 12 000 nr 2 on the
last three sampling dates. On 18 June their density was roughly half of that.
Their biomass ranged between 150 and 200 mg dw nr2 during the summer.
Most of Mesostigmata belonged to predatory Gamasina.

Oribatei had a minimum of 14 500 nr2 on 19 July but at other times their
numbers ranged from 35 000 to 43 000 nr2

. The maximum biomass of the
oribateid mites was about 1.6 g dw nr2 on 18 June.

Other Acari (Prostigmata was dominant over Astigmata) were numerous
(23 000—35 000 nr 2 ) but their biomass was negligible compared to the Oribatei
and Mesostigmata.

Only one specimen of Opilionae was found and not a single Protura or
Diplopoda.

The total biomass of the groups of animals studied was on 19 July about
9.6 gdw nr2

. This figure does not include animals living beneath the sampling
depth, lost during sampling or extraction, or those (Protozoa, Rotatoria,
Tardigrada) that were not investigated.

Discussion

The extraction methods used in this study are considered very efficient
(e.g. Huhta and Koskenniemi 1975). Especially the extractor for Lumbricidae
is more efficient for small worms than the methods used in many of the earlier
studies. The methods have, however, at least the following weak points: the
Tullgren funnel is probably not as efficient for softbodied fly larvae as the
flotation method (Healey and Russell-Smith 1970), the sampling area
(9.51 cm 2) was too small for large springtails and no reliable estimates about
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their amounts could be made, and finally, the sampling depth was insufficient
for Lumbricidae.

Increase in the number of sampling units reduces the standard error of the
mean, but it also raises the costs. It is often necessary to accept a standard
error of 10—2O % of the mean in order to keep the work and costs reasonable,
especially if the populations have clumped distributions. In the present study
most of the S. E. values for upper soil layers remain below 20 % of the mean.
Highly aggregated Diptera and Coleoptera larvae are exceptions.

Numerous studies concerning one or more groups of soil animals in grass-
lands have been published, while very few studies deal with the entire soil
fauna. The extensive investigation of Persson and Lohm (1977) deals at
species level with all the groups, except Nematoda, included in this study.
Their abandoned field (Spikpole) was situated near Uppsala, Sweden. The
field had a more distinct and deeper organic layer than my study field
(Ruokepuolinen). The vegetation in Spikpole was strongly dominated by
Agropyron repens.

The vertical distribution of Enchytraeidae was more even in Spikpole
than in Ruokepuolinen. The same phenomenon can be observed also in other
taxa. This was probably due to the higher organic content in the deeper layers
in Spikpole than in Ruokepuolinen.

In Ruokepuolinen the mean individual size decreased with depth most
clearly in Oribatei, Mesostigmata, and Collembola. It is probably not easy
for the large individuals of these taxa to penetrate through the dense soil in
lower layers (see also Haarlov 1955). The size of the other Acari (mainly
Prostigmata) was generally much smaller than that of the other mites and
they had a more even vertical distribution. The shape and structure of the
Enchytraeidae as well as of the Lumricidae enables them to move easily also
in dense and compact soil.

The number of Lumbricidae was smaller (100 130 vs. 250 330 nr 2 in
Spikpole than in Ruokepuolinen, but the biomasses were almost equal. The
density of the Lumbricidae in this study was high compared to many other
temperate grasslands. E.g. Nordström and Rundgren (1973) recorded
densities of 29—148 nr 2 from southern Sweden, Baltzer (1956) gave values
from 6 to 282 nr 2 from German pastures and meadows, and Ghilarov and
Chernov (1974) reported densities of 12—216 in steppe habitats in USSR.
In a grazed pasture in Poland, densities of 83—99 nr 2 were found (Nowak
1975). Higher densities have been reported from North Wales (Reynoldson
1955) and on upland localities in England (Svendsen 1957), namely 441—484
and 384—470 nr2 respectively. The biomass of the Lumbricidae in Ruoke-
puolinen was normal to temperate grassland (Nordstöm and Rundgren

1973, Nowak 1975, Persson and Lohm 1977). The species composition was
typical of a meadow habitat in Finland (Terhivuo and Valovirta 1978).

The number of Enchytraeidae was greater in Ruokepuolinen (50 000 nr 2 )

than in Spikpole (18 000—34 000 m-2), while the biomasses were more equal.
Similar (0.6—1.2 gdw nr2) or higher values have been reported on Danish
pastures (Nielsen 1955 b, 1961) and from England (Macfadyen 1963,Peachey

1963). In southern Finland in meadow forest soil the abundance and biomass
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of the Enchytraeids was markedly lower than in Ruokepuolinen (Kairesalo
1978).

The abundance of nematodes was about 12 000 000 nr2 in July. This
value is rather high compared to those given by Nielsen (1949), Banage

(1963) and Wasilewska (1974).
The number of springtails was larger in Spikpole than in Ruokepuolinen.

The density was, however, close to the average value of temperate grassland
(Wood 1966). The biomass of Collembola (100 200 mg dw nr 2) is equal or
somewhat larger than in Spikpole. This indicates that the specimens were on
an average greater in Ruokepuolinen.

Spiders from an ecologically uniform group of predators. Their predation
is most intense in the litter-soil interface (Kajak and Jakubczyk 1975). The
spiders were slightly more abundant in Ruokepuolinen than Spikpole. Their
density (260 542 nr2 ) accords well with the values reported from unmanaged
English grasslands (Bristowe 1939. Duffey 1962, Cherret 1964). In managed
grasslands the densities tend to be lower than in natural ones (e.g. Kajak
1971, Delchev and Kajak 1974).

In this study mites were divided into three categories, namely Oribatei
(Gryptostigmata), Mesostigmata (mostly Gamasina) and other Acari (Pros-
tigmata and to a lesser extent Astigmata). As to numbers, Oribatei and other
Acari occurred in greater amounts than did Mesostigmata. The total amount of
mites in Ruokepuolinen during the summer was about 60 000—100 000 nr2

.

This value is typical of temperate grasslands (Wood 1966, Curry 1969,
Persson and Lohm 1977). Higher values are obtained mostly from organic
soils (Wood 1966). The biomass of Acari (650—1700 mg dw nr 2), especially
that of Oribatei, was high compared to the values from Spikpole. Also Engel-

man (1961) and Crossley et al. (1975) reported on lower biomasses in USA,
while the results of Block (1966) were of the same magnitude.

The total biomass of the soil animal community (excluding Protozoa, Tardi-
grada and Rotatoria) was in July at least 10 gdw nr 2

. This value is high
compared to fields of agricultural use. Golenbiowska and Ryszkowski (1977)
give a mean of 2.6 g dw nr2 for rye and potato fields in Poland. The biomass
of soil animals in the reserved field was also higher than that in spruce forest
in southern Finland (Huhta and Koskenniemi 1975). Especially worms
were more abundant in the field, while the biomass of Araneae was greater in
forest soil.

The biomass of soil animals at a certain moment indicates very little about
their production or energetical signifigance in general. Some comparisons
may, however, be of interest. The biomass of above-ground animals was
estimated in the same field in 1973 to be about 1 g dw nr2 or ten per cent
of the biomass of soil animals. The input to the heterotophic subecosystem
was estimated at 405 gdw nr2 a year from above-ground and at least 345 gdw
nr 2 a year from under-ground parts of the vegetation totalling 750 grams or
13 200 kj nr2 per year. There is evidence that in the reserved fields decomposi-
tion or heterotrophic respiration is not equal to annual litter production
but accumulation of litter does occur (Hokkanen and Raatikainen
1977). When the field is left uncultivated and no crop is transferred outside
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the ecosystem there is an excess of organic material for decomposers. And
at least during the first five years of secondary succession a balance is not
achieved.

Calculated from the data in Table 2, the total amount of organic material
in the upmost 15 cm of soil was about 13.4 kg dw nr2 on 19 July. This is
about 8.9 % of the bulk density of the soil. Most of the organic component is
plant material in various stages of decomposition. The amount of roots can
be estimated at about 750 g dw nr2 (Törmälä and Raatikainen 1976, Hokka-
nen and Raatikainen 1977) or 5.55 %, while the standing crop of soil animals
is only of a magnitude of 0.1 % of the organic material in the soil. The amount
of bacteria, fungi and algae remains unknown, but probably it does not exceed
the biomass of under-ground parts of the vegetation.

The respiration of soil animals, which is often used to indicate their func-
tional importance, was not investigated. Using the results of Persson and
Lohm (1977), and taking into account the lower temperatures and the greater
amount of nematodes in Ruokepuolinen than in Spikpole, the annual respi-
ration by soil animals can be estimated at 850 1 050 kj nr 2 a year. This is
about 6.4—8.0 %of the net primary production. If an annual litter accumu-
lation of 10 % is assumed, the proportion of the studied soil animals of the total
heterotrophic respiration in soil and litter would be about 7.2 —B.B %.

The trophic structure of the soil faunal community in Ruokepuolinen
cannot be analyzed very accurately because in most cases wide taxonomic
units including representatives of different feeding categories were used. On
the basis of data in the literature about the food of soil animals (e.g. Banage

1963, Kaczmarek 1963, Olechowicz 1971, 1974 Healey, and Russell-
Smith 1971, Waslilewska 1974, Persson and Lohm 1977) the proportion of
sapro-/microbivores would be in terms of biomass 90.7 % in July. Below-
ground herbivores and predators contributed 2.6 % and 6.7 % to the total
biomass.
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SELOSTUS

Keskisuomalaisen pakettipellon maaperäeläinten runsaus ja biomassa

Timo Törmälä
Jyväskylän yliopiston biologian laitos, Yliopistonkatu 9 40100 , Jyväskylä 10

Seitsemän vuotta paketissa olleen pellon maaperäeläinten runsautta ja biomassaa tutkittiin
Jyväskylän maalaiskunnassa vuonna 1974. Näytteet otettiin neljä kertaa kesäkauden aikana.
Eri eläinryhmien erotteluun käytettiin viittä menetelmää.

Lukumäärältään runsain ryhmä oli sukkulamadot, joita oli heinäkuussa noin 12 milj.
yks./m2

. Runsaslukuisia olivat myös punkit (60 000 100 000 yks./m2), änkyrimadot (n.
50 000 yks./m2) ja hyppyhäntäiset (30 000—60 000 yks./m2 ). Lierojen tiheys oli 250 320
yks./m2

.

Biomassaltaan ylivoimaisesti merkittävin ryhmä oli lierot. Heinäkuussa, jolloin suoritettiin
tarkin näytteenotto, lierojen osuus oli 73 % maaperäeläinten kokonaisbiomassasta (9.6 g kuiva-
painona/m2). Seuraavaksi suurimmat osuudet olivat änkyrimadoilla (5.7 %), punkeilla (5,5 %),

sukkulamadoilla (4,4 %), kaksisiipiäisten (3.5 %) ja kovakuoriaisten toukilla (3.0 %).

Tutkimuksessa selvitettiin myös punkkien, hyppyhäntäisten sekä sukkula- ja änkyrimato-
jen vertikaalista jakautumista. Punkit ja hyppyhäntäiset olivat selviten keskittyneet maan
pintakerroksiin. Kaikissa eläinryhmissä keskimääräinen yksilöpaino pieneni syvemmälle
mentäessä.

Pakettipellon maaperäeläimistö osoittautui runsaammaksi kuin metsä- ja viljelysmaan.
Erityisesti matojen määrä on pakettipellolla selvästi suurempi kuin metsämailla.


